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Nuclear waste problem @

* How to dispose nuclear waste is a common issue for all humanity.

e Japan’s case p
. Direct
— Already exiting 18,000 tons disposal
790
— If nuclear plant can restart,
1,000 tons newly generated (/year/40 plants) Recycle
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Aim of the JAEA Accelerator Driven
transmutation System (ADS)

Reduce
— long-term toxicity of
— disposal space for

nuclear waste.

MA transmutation is
effective.

Need ultimate neutron
source ~10"9 /s
— J-PARC: 10" /s
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Actir;ides
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Nuclide 'E';ég'rg;’ HEE (f,i’r" oon Nuclide 'E';G';'r';;’ HE SO ((;g:l o

(USv/kBq) | of SP) (MSV/KBq) | of SP)

U-235 | 700,000,000| 47 10 kg Se-79 295,000 2.9 6g
U-238 | 4,500,000,000| 45 930 kg E Sr-90 29/ 28 0.6 kg

a || zr93 1,530,0000 1.1 1 kg

Nuclide ?;égpsf;a D°5f§é‘_°""- ggr"ﬁ::: é- Tc-99 211,000, 0.64 1 kg
(Sv/kBq) | ofsP) o || Pd-107 6,500,000, 0.037 0.3 kg

Pu-238 88 230 0.3 kg % Sn-126 100,000 4.7 30g
Pu-239 24,000 250 6kg || 1129 15,700,000 110 0.2 kg
Pu-240 6,564 250 3 kg Cs-135 2,300,0000 2.0 0.5 kg
Pu-241 14 4.8 1kg Cs-137 30 13 1.5kg

Nuclide

Np-237
Am-241
Am-243
Cm-244

Half-life
(years)

2,140,000
432

7,370

18

Pu: ~10 kg, 1%
Dose conv. Content

fac.
(HSv/kBq)

110
200
200
120

(per 1 ton
of SP)

0.6 kg
0.4 kg
0.2 kg
60 g

MA: ~1 kg, 0.1% |
| g

Dose conversion factor:
An index that indicates the effects of
ingestion of radionuclides into the human

body.

Shown in absorbed dose (Sv) per
radioactivity (Bq).
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High intensity proton accelerator + subcritical reactor = ADS

Accelerator power
1 MW—-30 MW

Chain reaction
x 30

Total 100 gain
from existing
neutron source
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Super-conducting LINAC

100 MW
to accelerator

800 MW

270 MW power generation

Nuclear transmutation by ADS

Fission neutrons

Stable &
Short-lived |

O Spallation neut‘rog\s“

nuclei

Spallation target
(Pb-Bi: LBE)

Utilize chain fission reactions
in a sub-critical core
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Fission energy|
ﬁh h h :

Proton beam
Max. 30 MW

MA-fueled LBE-cooled
subcritical core




ADS proposed by JAEA - LBE Target/Cooled Concept @32V

* Proton beam: 30 MW

» Spallation target: Pb-Bi eutectic (LBE)

» Coolant: LBE

* Subcriticality: k.= 0.97

* Thermal output: 800 MWt

 MA initial inventory: 2.5t

* Transmutation rate: 10%MA / Year
(=250 kg: MA from 10 units of LWR)

.....
sl R e gl G

*The actual plant will be constructed by electric power companies under the
responsibility of the emitter, by using the provided technology developed by JAEA.
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History of JAEA-ADS and J-PARC

JAERI (JAEA) KEK project

Omega project launched project JHP start
nan 1:‘

Ul -

ptual

ADS
design

> NSP JHF start
included w:rlted/
J-PARC start

Concentrated on — =5
J-PARC construction o

User opan start
Great e. Japan

earthquake
(severe accident of F1 plant)

Reconsidering |
strategy

Funding for TEF
got smaller and
smaller

g 10th anniversary

Apids, MI, USA
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Neutron Science Project (NSP) at JAERI @

RFQ DTL SRF Linac
IS CW beam
; o T " Transmutation
. )/H‘\
/ - ring j
IMeV |~10MeV | 100MeV “__“ | Neutron
— - >  Pulse Scattering
i - 900 beam
om Sm ~5m 110m 100 MeV -> SC linac m
100MeV 126 160 204 273 362 512 795 1500MeV

B=0.428 0471 0519 0570 0632 0.692 0.762 0.841 0.923

y

— »0.453+»0.499 »{0.549»0.604 — 0.665
No. of

0.732 — 0.805 |—» By=0.886 —»

Cavities 20 20 20 .24 24 32 48 9% Total284 .

g : : : : : : : i .oucnl et al., ,

M A2m e dAm-odme-0M—ee—7 /M —>e—120m—se—254m—» M. Mizumoto et al, LINAC98, TU1004
N. Akaoka et al., SRF99, WEP020
“ 690m >
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Overview of the JAEA-ADS linac @

Normal conducting Superconducting
T T P s n s N RN E SRR RN R U RSN AR AR ARG EEASAEESEAANEEREENGSNRANN SR EEEEEEREEEEERRE RS =
................................. : e C——
- LEBT , RFQ | MEBT { HWR }/ SSR1  } SSR2 1 EllipR1 i EllipR2 |
............. NG ik i Py B e B . — o —
t t t t 3 % t
: 2.5 MeV ! 49.4 MeV | 583.4 MeV |
35 KeV 17.7 MeV 208.8 MeV 1.5 GeV
162 324 648
FRETERR LA donmnnmomssanssisssaaisssississs il s RS ol i -

Parameters for JAEA ADS linac _
Trip / year H. Takei et. al, J. Nucl. Sci. Technol. 49, 384 (2012)

Energy 1.5 GeV
0<1t<10s 20,000
Current 20 mA
10s<t<5m 2,000
Duty 100% (CW)
T>5m 42
Power 30 MW
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https://doi.org/10.1080/00223131.2012.669239

JAEA-ADS linac design

B. Yee-Rendon et al., doi:10.1103/PhysRevAccelBeams.24.120101

¢, (deg)

. . e . . g 0.29 Tt mm mrad
Maximize E. . (E.,.<30 MV/m)  Equipartitioning is fully implemented émsnx 926 ©mm mrad rmsn_y o
_ acc pk ” y ’
keeplng Iong acceptance : HWR - SSR1 = SSR?2 ;° EllipR1 = EllipR2 0 o - 05 10-1 - 0.5 1 10-1
0 Equipa:rtitioningcondition E ' g EE!i 0.0 '. 10:? E 0.0 10:2
: 06 = * 051 : 124 > 0.5 12_4
—201 0 05 5 -1.0 — -1.0 —
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-5 % 4 10° 20 100
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(4] [Nl
—80 9 E ggﬁ 0 10-2 E 0l 10-2
o =" 10-3 > 10-2
g AL R
-100 B g ., | | 10 ol 10-4
B i i 0 = ¢_(i ?162 er ) 0 (O )10 *
| 02 03 04 05 06 07 08 09 . DO¢(degatl 1z . Jimm
NE : ' ,/0 Particle distribution @ linac exit (w/o errors
124 - I z/ xy
:>__E"10- : , HWR SSR1 SSR2 Ellips1 Ellips2 total
S 8- | 1
E:; N : : f, (MHz) 162 324 648
I
41 ! By 0.08 0.16 0.43 0.68 0.89
27 I
S L — max. E_..(MeV/m) 7 7 8 14 14
0 50 100 150 200 250 300 350 400 acc
2 (m # of cavities 25 66 72 60 70 293
Total length 416 m # of cryomodules 3 33 24 20 14 94
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https://doi.org/10.1103/PhysRevAccelBeams.24.120101

Why prototyping spoke cavity? @

 LIPAc HWR will start @ QST — - ' YT T ELE « Experience of
Rokkasyo. \ i elliptical cavity at
o . We hope share operation Prototype ellitical cayity JAEA and KEK...
experience. N
o Provided by CEA
e O N ETCONAUCHING  prototype cryomodule
REEEEEEELELED '1_ — - \:. ................. L —————————.\IE -------------------- E(- . " i
a LEBT § RFQ E MEBT { HWR SSR1 SSRZ 1 EllipR1 i EllipR2 |
............. e ok WS essssiiiiavaial \ s X B PPy SR
t t « In Japan, little experience % t
: . of low-p cavities. - I
2.5 MeV - - 583.4 MeV i
» Especially, Spoke cavity :
35 KeV 17.7 NEVER completed in eV 1.5 GeV
Japan
162 324 648
FrequenCy [IMHZ] g eeeeererseeeeeeeeeeeeeseseessssnsnsnnnns s e S SS Rl — -

Performance evaluation of our own technology, feedback to ADS design is significantly important
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J. Tamura et al., SRF2021 WEPCAV011

Prototype spoke cavity for the JAEA-ADS linac @

_________ T e
{ HWR } SSR1  E  SSR2 i EllipR1 | ElipR2 |

* ~--------’- ................... L I I — ] I L] I ]
o Design parameters
g T(,B_op,) = T(0.24) = 0.81 f, 324 MHz
N f B, 0.188
:‘g 061 Popt 0.24
E 0 Beam aperture 40 mm
g Cavity diameter ~ 500 mm
0.0 T T T 1
o1 07 . o o Cavity length 300 mm
o o Los 222 mm
G 90 Q
5- {05 . T(Bop) 0.81
§E 0 0.0 %} Rsh/QO 240 O
E % Epeak/Eacc 41
5 -05
| —— Ez2(2)*sin(2nz/Bopth) \ Bpeak/EaCC 71 mT/(MV/m)
1 L ——sin(2nz/Popth)
-10 " T ———f — T T -1.0
. _ _ 9 —
L L Target Q, 5x10° @ E,.. = 8 MV/m
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J. Tamura et. al., doi.org/10.7566/JPSCP.33.011049

Multipactor analysis @

Eacc=2.36MV/r.n_'_’f"' Eacc:lmﬂ,ﬁfﬁg/. WJ Eacc:S.DSMV/@{. :} Eacc=6.40MV/m$:~-:;.
N
E,cc = 2.36 MV/m E...=3.70 MV/m E... = 5.06 MV/m E... = 6.40 MV/m

" i 0 o S Bt o] 2 e oo s

- ol | * Possible multipactor regions
. B were confirmed.

P » Careful inspection and care are
7 needed for these regions in
0'00 500 1000 1500 2000 2500 m;) AR SRS A A % e 9 10 fabrlcatlon

Energy of collision [eV]

Assumed Secondary Emission Yield
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Eacc [MV/m]
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https://doi.org/10.7566/JPSCP.33.011049

Cavity parts fabrication 2020 @

Machined fromNb blocks Press formed from Nb sheets (3.5 mm t)

('/

End drift-tubes (EDTs)

Machined from Nb-Ti bloc

\\

Beam port RF port

RF port flanges

« Fabrication started from 2020
* All materials are provided by Tokyo Denkai.
— Nb sheets, Ingots (for DTs), Nb-Ti ingots (for flanges)

* RRR of delivered pure Nb material > 300
2023/6/29 Y. Kondo SRF2023, Brand Rapids, MI, USA 14
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Example of the press-forming (end plates case) @

Trimmed

« Main parts were made by plastic deforming process,
press forming using dice, or bending.

End plate

2023/6/29 Y. Kondo SRF2023, Brand Rapids, MI, USA
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Electron beam welding (EBW)

N

https:www.kuroki.c.jp/kogyo/or_business/ebw.html

RF-port pipe

A e

2023/6/29

= f:TT \EleBrticaI Front side to EB Back side to EB
4 —[- ; ; o _._,.,,_-._:‘
- machine

Welding direction Welding direction

RF-port flange

——
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« EBW process
started from 2021

* Prior to the actual
EBW, conditions
were surveyed for
every EBW parts
using TP.

16



2023/6/29

Spoke assemble 2021

EBW

Spoke electrode

« Each tip to be welded was
CPed (~10 um) just before
Inside EBW.

Y. Kondo SRF2023, Brand Rapids, MI, USA
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Spoke assemble cont. @

Mechanically polished ,
to smooth edge due to EBW &
dimension mismatch ‘
btw. Spoke and Base

Inside

Finished!

Y. Kondo SRF2023, Brand Rapids, MI, USA 18
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Beam port assemble 2022

Inside =
vacuum side

Y. Kondo SRF2023, Brand Rapids, MI, USA
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Frequency check

RF contact
w Al tape
(EDT)

Weight Beam port

support

Cavity length

1 —=— Simulation
338 4| M Simulation @ Cavity length = 337 mm
4| B Measurement @ Cavity length = 337 mm

330

Frequency (MH

w

N

[ee]
1

326

324 E
Room temperature, vacuum

322 T T T T T T —— T T T
300 310 320 330 340 350 360
Cavity length (mm)

 Temporarily assembled and
check frequency

« Well within tunable range in final
assembly.
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Next to do... @

- EBW
— End plate + EDT
— Body + DT

* Frequency tuning
— lteration

* Final EBW

« BCP

« HPR

« Baking

* VT (First goal of this project)

2023/6/29 Y. Kondo SRF2023, Brand Rapids, MI, USA 21



Summary @

* At JAEA, we are proceeding ADS development.

* Reference linac design has been established and prototyping of SSRis
underway.

 \We will conduct vertical test soon.

Special thanks to

i ar. s,
N T Tl
aE L ‘

Mitsubishi Electric, Ltd. Taiyo EB Tech, Inc..
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