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Spent fuel issue

Spent fuel : urgent worldwide issue. new fuel 1t U spent fuel 1t U
(PWR 4.5% enriched U) (4 year cool off )
. . 10 asitis 10 U-235
Japan : 17,000 ton spent fuel (2014 April) - neutron captare . 61 U-236
(45kg) fission | | ... _
2 2 FP te at th
1 GW class LWR x 1 year - 20 ton spent fuel neuton  Pu_ eeg T N ecyding.
capture - fission -
2 |\ —7 [ e, Pu /
Forecast 2030 : l —— M
o . . 02 U234 _
Assume 15% of electricity demand (20 GW) e Main MA
is covered by nuclear power. (955kg)
it Np-237 2.14MY .
926 asitis 926 U-238
Am-241 | 432Y
Spent fuel : 400 ton / year Am-243 | 7.370Y
Cm-244 18.1Y




Decay of radio-active toxicity
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How do we solve this problem?

spent fuel —{ reprocessing U, Pu Reuse for energy production
partitioning |—| FP »| transmutation p| Shorter life/stable
MA (Np, Am, Cm) oo
| Fast reactor oo
transmutation |—f{ MA<~afew% | 70% MA. |
v for stability 60% o &
50% — S c S
vitrification 2o R ER
(0] >
ADS 20% e |2 o o =
MA ~70 % 10% = E s a3
: 0% = < t
logical di | can be loaded in 1 t
geological diSposa a subcritical core .
No Uranium needed




MA transmutation using neutrons
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Accelerator Proton beam

Concept of ADS

Sub-critical reactor

Beam window
Sub-critical fuel system

Neutron production target
and coolant

neutron @ —» % <

Long half-life

Shorter half-life

stable

Accelerator sends the proton beams
(0.8—1.5 GeV ) to the sub-critical
reactor through the beam window.
The beam hits the liquid-metal target
e.g. Pb-Bi which plays a role of
circulating coolant as well as neutron
production target.

Protons hitting the target cause the
spallation reaction and generate
numbers of neutrons.

Neutrons generated at the target
cause the fission chain reaction inside
the fuel system.

Neutrons transmute MAs into stable
or shorter-life material.



Power flow of ADS

1. Accelerator generates 30 MW beam. [ \
2. Reactor amplifies beam power. ' /Proton beam 30 MW pa N :
3. Thermal output of the reactor ~800MWt Accellerator () 40 kg(x10) l
4. MA loaded in the core is transmuted. | [ |
5. Thermal power of 800 MWt will be 4tll\él)pt(g| Reactor |

converted to the electric power of 270 MWe. | 800 MWt '
6. Electric power of 100 MWe out of 270MWe | = x10 :

will be used for the accelerator complex. '\\ 100 MWe 270 MWe }

7. The rest of electric power i.e. 170 MWe will

be returned to the power grid. @ 1 Power grid ﬁ
m m 20 GWe ﬁ ﬁ ﬁ
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Characteristics of ADS

- . 1.E+02 , -
On of the caracteristics of ADS is that output power of i {—— keff=0.980 -1
. keff=0.950 9
the nuclear reactor can be controlled by changing the S !
beam power from the accelerator. Output power P = eff=0.900 A
. : = 1.E+01 o o =
from the sub-critical reactor is expressed as = = -
S 2 i '
P~ §. —e— 1000MeV, W 9
1 — keg N B e LAY ¢
= 1.B+
S: power of neutron source, which can be adjusted 2 ° fggmeza
ev,
by changing the beam energy and/or current of —e—500MeV, Pb N
the proton driver. —o—500MeV, DU
1.E-01 I I I Qi
. . . . 1 10 100
ke - Effective multiplication factor, which is determined keff/(1-keff)
by the control rods and other parameters of the
fuel system. ks> 1 :Supercritical
beoer = Production rate of neutrons ke =1 critical
off =

Annihilation rate of neutrons ke < 1 :Subcritical
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Design example of ADS by JAEA

EIRER

Proton beam : 1.5GeV
Beam power : ~30MW . o == =
Spallation target : LBE A
Coolant : LBE g f ﬁ}ﬁ oo sumon
Subcriticality : ke = 0.97 v
Thermal output : 800MWt g o

K. Tsujimoto, H.Oigawa, K.Kikuchi, et. al, “Feasibility of Lead-Bismuth-
Cooled accelerator-Driven System for Minor-Actinide Transmutation”,

LBE: Lead-Bismuth Eutectic Nucl. Tech. 161, 315-328 (2008).
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ADS Experimental
Facilities at KURNS
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ADS Experimental Facilities at KURNS

MAIN RING sub-critical
fuel system |

ANil;
=l

v
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ADS Experimental Facilities at KURNS

sub-critical
fuel system

Characteristics of KUCA
Output power 10 W

Designed for reactor physics

three critical assemblies : YA
i. A & B cores e {4
Polyethylene Mod./Ref.
ii. C core
H,O0 Mod./Ref.
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FFA — KUCA ADS facility
schematic diagram

Main ring

Inj ector Booster
(ion-beta)
Target

- Critical Assembly
(KUCA)

lon source I—

125 keV 1.5 MeV 11 MeV 100 MeV

17



H-

FFA — KUCA ADS facility
schematic diagram (2011 -)

Ion source

30 keV

LINAC

Main ring

Another transmutation usi
Poster Contribution:TUP034

ERIT/ MERIT

Target 100 McV

" Critical Asscmbly
(KUCA)

Irradiation chamber for  Rats
matcrial cxperiments
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Injector LINAC

Beam species : H-

Injection energy : 30 keV

Extraction energy : 11 MeV

Beam Pulse width(MAX) : 100 psec

Peak Curr.(MAX) : 5 mA
:~3.12*%1012[ppp]

rep. rate : 1Hz~200Hz

Rf frequency : 425 MHz

Power supply : tube ( triode YU176A )

H- ion source
RFQ DTL1 DTL2




| ~ Field index k

MAIN RING

Beam species
Injection energy
Extraction energy
Beam current
Lattice structure

Average orbit radii

: proton

: 11 MeV

: 150 (100 ) MeV

: 1 nA (safety reg.)

: 12-cell DFD
:7.5
:4.52-512m

Betatron functions

b~ _F

\
AV,
be

azimuthal ( deg )

Beam injection

agnet
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MAIN RING tune excursion
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Blue: measured

Brown: simulated
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Advantage of pulsed beam

Fuel position [1,0], keff = 0.980, 500MeV Proton, 1mA, W target, Time unit=1 us

- CW beam form LINAC or Cyclotron 1.0E+00 %
3 - 002 ——=—— 20ns
- 10E-01 f 004 — :
5 R ——=—— = >
3] Pulsed beam form FFA H 04 - 2
= = 10602 i °1 ) : i '
T c F - 4
[ ; [ * 10 -
m § 1.0E-03 f *100 E= . — 2
= © 1000 /——— —— -
. s H « 6000 T T —— = .
time < 1.0E-04 | ° 10000 i - -
x
-]
Average current only 1 nA ‘g 1.0E-05 - -
But peak power s =
Z 1.0E-06 = - ol
P pen = 100 MeV x 1 nA toror = 1as -
100 ns x 20 Hz 1.0E:08 _ -
1.0E-10 1.0E-08 1.0E-06 1.0E-04 1.0E-02 1.0E+00 1.0E+02
= .05 MW Neutron energy (MeV)

Dynamic characteristics of the core within
100 ns can be measured with
extremely high instantaneous beam power.

Neutron energy spectrum in the core as a function of
time measured from the beam hitting the target.
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First ADS experiment in the world March, 2009

2009/3/4 FFAG-KUCA ADS Experiment
~+run 1
10000 |—=run 2|

‘ +—run 3|

#=0.99
Ke50.96

Counts/ch
=
o

=0.91

0 001 0.02 0.03 0.04 0.05 006
Time (sec)

Two components in the neutron counting rate:

the fast component decaying exponentially and

the slow component caused by delayed neutrons
almost constant in time.

The presence of the delayed neutrons indicates
that neutrons are generated through nuclear fission
reaction inside the fuel system; it tends to have higher
level with higher k¢ which means shallower

subcriticality of the fuel system.



Net Count (#)

Thorium loaded core March, 200

Th Plate Measurement by HFGe Detector

The existence of only Sr-92 was found with very small peak

T T T T T T T T T
Background with Th plate] | —— 4hour Irradiated thorium plate |
10 Gamma-ray peak
i by Sr-92 i .
Il I i
il J [l Il
WMWWM ” f\ S b |
102_ . . N ! J\Ar\ n /\A]\ W\A“’\/\ﬂ\/
ity ' UNMV i L 1A | ST w
! LA VLTV A T
T
T T T T T T T T T 10° T T T T T T T T T T T
1200 1250 1300 1350 1400 1450 1500 1200 1250 1300 1350 1400 1450 1500
Energy (keV) Energy (keV)

Count without Thorium Fuel Irradiation

Gamma peak by Sr-92 after Th Irradiation

) Thorium-L,
& Accelerator-Driven System
with 100 MeV Protons
3rd March, 2010
First Injection of Spallation
Thorium Reactor C

@ Proton Injection in Thorium Core

FFA Accelerator :
100 MeV Protons
30 Hz repetition rate
~30 pA intensity
Tungsten target
(80mm diameter, 10mm thick)

KUCA A-Core withTh:
Natural thorium metal fuel
No moderator or Graphite moderator
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Normal fuel assembly (1/8"p60EUEU)

Partial fuel assembly (1/8"p12EUEU)

Proton
beams

Polyethylene moderator

-

Polyethylene reflector

2]
c

Graphite
F

F Control rod

F Safety rod
F

Neutron source (Am-Be)

Fission chamber

Uncompensated ionization chamber

® ® & © ©

El
@

BTB chamber

Pb-Bi target 27



Fuel cell
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BTB ( Back-to-back fission chamber)

Copper pipe | 237 241 _ :
(for filling and Np or Am O-ring 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
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- | [ J 235 s B
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Proton beam profile and

neutron energy spectrum at the target
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Neutron energy spectrum at the BTB

SIMULATION JENDL-4.0
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Fission reaction of 24'Am and %3’Np
Np-237->Mo-102 +1-133

MEASUREMENT MEASUREMENT
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Capture reaction of 23’Np

B decay(2.1 days)

n+237Np - > 238Np _— 238pu

MEASUREMENT
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Conclusion

The world’s first experiments for transmutation of
minor actinide , 22’Np and ?*!Am in the accelerator
driven system have been accomplished at the
Institute for Integrated Radiation and Nuclear Science,

Kyoto University. The FFA accelerator complex played
an important role as a proton driver.
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