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Spent/Waste
Fuel
Management

Fission Fuel
Scarcity

A Early 2026, WNA reported theggressiveplan of NP globally more than 1,4@MNe, means natural
U 14 Mts, far more than the Global proven amount 8 Mt

10 kt natural U L5 It fuel 1.5 kt SF e — recycl|<ab|e resources,
” “ — 1.44 kt
- radiation - 0.06 k d
: tuse
1GWe ~300k years EPs

8.5 ktdepletedJ PWR

A 1 MWe Reactor needs natural U ~10 kt during lifetime, Resource utilization Efficiency
A High level radiation waste lifetime is more than 300k years, and has not final solution
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A U-238A Pu-23% fissilef A MAs A fission products (transmutation)
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Th-232  Th-233  Pa233 U-233 &P

Initial loading ===) Incineration — Separation of — Fuel regeneration

(breeding ratio >1) fissile nuclides (add U or Th)

S A

Breeding sufficient fissile nuclides and separatinggconomically

<1% 9o > ~100%
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A ADS enablesflexible transmutation and breedng
A Reactivity control of subcritical fast reactors:

Chin ative
Accsler: t D Sytm

QKefs
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High tolerance for fuel composition; allow to add SF, MAs, and DU in equilibrium cycles
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AMi xed Fuel APUMAD
Pu+U+MAs + a few FPs

> ool rabricain A High-temperature Dry Processing
B s i o AEco Regeneration (r

A Incineration:
Acc + SUbFR (ADS)
A Inherently Safer (Sub-Critical)

ADANES

Pyroprocessing to

i jfh'i AFast Breedin 1. 3
£ | .
A Transmutation ( 10 ~20 PWRS)
A Utilization rate of uranium resourcgs~0.6% A ~95%, 100
A Radioactive waste lifetimg ~400,000 of years, ~400 years, 1/1000
A Radioactive efflueny ~25tA ~1tt 1GWe/pile yea 1/25
A Reactivity controly Critical operatiord Subcritical operation
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% China Initiative
LI NAC 2 ﬂ 2 B "{’{‘ z \}\ Accelerator Driven System
LCinpyry oF S5

CIADS (China initiative Accelerator Driven System) the w o r | filstoMW -classresearchfacility
& fuel cyclecapableof high-power coupling operation.

ADS thermal power=10MW:
A Accelerator beampower = 2.5 MW

162.5MHz 325MHz

A Pb-Bi spallation target power = 2.5 MW
A Subcritical Pb-Bi reactor power = 7.5 MW

S Ak
[~ 18 +F7
J
y S L i
i | i
59 1ige

| Bameir || meas | | Raosss | | ciADsHAtesE

enabling 30% of U-utilization o

U Conductbreeding/transmutatioaxperimentsof high-temp
dry-processeduel in the ADS burnerto verify 30% U-
utilization cycle

T1 ADS TransmutatiorResearciTerminal =
T2 AdvancedTargetTechnologyResearcierminal
T3: NuclearFunctionalMaterial Irradiation Terminal
T4:. ADS NuclearDatabas@erminal
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Accelerator
Acceptance

A Accelerator 25kW
A Target >25kW

A Thermal test terminal

To Do Do Do

600 MeV accelerator trial run
250 kW target trial run

Commissioning Plan of CIADS

2027 2024 =2740)% 203U=205

Fuel Cycle Validation

China Initiative
Accslerator Driven System

ADS System
Spallation Acceptance A

Target |
Acceptance ‘

A Accelerator 250kW
A Target 250kW

A Accelerator ~2.5MW
A Target ~2.5MW

A k~0.75

A Reactor ~7.5MW

A Accelerator 0.25~2.5MW
A Target 0.25~2.5MW

A Kk~0.40.75

A Reactor Power Ramping A Regenerated fuel loading license

obtained
A ke~0.4 A Fuel loading license obtained A First loading of regenerated fuel
A Reactor 30kW A Burner operates at full power A Full-power breeding and
A Metallic FP separation thermal test transmutation testing
ADANES burner commissioning A First regenerated fuel assembly A Verified key technologyintegration

Pilot fuel assembly insertion
Industrial validation of high -temperature dry processing
First regenerated fuel rod fabricated

for 100-MW -class ADANES facility

To To Do I

Model spent fuel separation & fabrication

First regenerated pellet fabricated
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Overview of SC Linac

I iatr
Accslerator Driven System

AN
LINAC 2026

Key Performance Specification's
E Accelerator Length: ~300 m, Complex Cryogenic Distribution System

b b
E Beam Power:> 3 MW (600 MeV, 5 mA), Beam Loss: < 1 W/m . E H

E Machine Protection: < 20 |5 response
Ellip082 x7

28 cavities
_— 5
Llllp()G.-.x 10 5.820m
] 3 cavities
HWR040x10 4.480m
- Cam 6 cavities+2 solenoids
HWR019x4 . P
6 cavities+6solenoids V P p—
HWRO010x1 6.038m section = 500 1
9 cavities+9solenoids ducting
ycon
162.5MHz E038m Supé — %

5 AMeV i i 2
¢ gk 55m Energy/MeV 500~1000
Beam current/mA 5~10
Operation mode Pulse & CW
Current stability +2%@100ms
Cavity number 151
CM number 32
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Overview of SC Linac

Chinx
Acceler to D SYS‘ m

N
LINAG 2026

Key Performance Specification's
E Accelerator Length: ~300 m, Complex Cryogenic Distribution System

Beam Power:> 3 MW (600 MeV, 5 mA), Beam Loss: < 1 W/m H
Machine Protection: < 20 s response

Ellip082x7

m m

103 = = 3 R LI 7. VIR ~ravitiac
" The highestb wer CW rcon ing [ o : : Industrial Scale
; it ~9 S.t beam RO er CW superconducting ] B Beam Trip Duration : Remarks
10° o= ~.[_linacunder-constructioin Transmutation
= SIRL i Y o I . T<1sec Target window lifetime
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~ 3 T GAfe ciaps O : ] i i
= > a2 o & £ : Fatigue failure of fuel
o 1 o O it e MINHRVA T~ a8 o] 1sec<T<10sec 5 _
5 104 SARAF- o P 11 N -2 ;| cladding
e ] Gl FRTB&:RQA\E TR i ]
o csts i~ B : Fatigue failure of inner
@ o = s 1t 10sec<T<5min
bl R il barrel and reactor vessel
e N RN B RAEYY T>5min System Availability
10° 10’ 10° 10°
B Beam energy (MeV/u) . . .
D = Critical physics challenges

12_8\2“‘ .
E Ultra-low Beam Loss Control . < 1 0

E Beam trip Availability: > 85%
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ADS-Oriented SC Linac

Concept of hardware design for an AldBentedlinac

Modularization
High-power component topology: parallel muttiodule architecture, h@wappable
Redundancy
At least one spare module / pallet of redundancystap supported with no functional interruption
Compensation capability via spare powargin
High power efficiency
Balanced tradeff between power efficiency and redundancy
Edge intelligence
Efficient monitoring, logging and fault troubleshooting for component status
Cloud brain
Al-driven strategy leveraging full beam diagnostics feedback (position, profile, beam loss, etc.)
Automated commissioning and beam tuning
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A to make aigh-quality beam at the warm front end

A to minimize beam loss at the superconducting section

A to avoid tiny unnecessary beam loss along the lihagv temperature detector

A to detectsudden loss happens at any position of all the liBaam instrumentations

Fast beam recovery

A Hybrid faultcompensation for element faxdbmpensation
A Auto recovery scenario and technique in a few seconds
A Hot-swap technology based on modularization design of hardware

Operation stability

A Beam Control with Reinforcement Learning
A Virtual accelerator program development
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in 2021
10mAe 200kw, CW

A CAFe facility was constructed 20:2D21 p
ADemonstrated 10 mA, 200 kw CW beam in (ﬁ{/ 7 ,7f
2021, more than 100 hours operation higher %
than 100 kW, availability duration high than
93%.

3.2 x
¢ a
111111
...
o

A Supportedbyfi St r at egi ¢ Priority Resear (
Chinese Academy of Sciences. 1

CAFe to demonstrate 16mA CW proton

uuuuuuuuu

Frequency
Current

E in RFQ
E out RFQ
Energy

Temp.

162.5 MHz

10 mA

35 keV

2.1 MeV

20MeV

45K
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China Accelerator Facility for super-hEavy Elements
U Research on the synthesis adfhe new elementd19and 120

SCLinac HEB
e s e | T0
T4
Parameters  Units & 7000hrs/yr since 2023 Bhdyens = =
ons Canzn A Availability > 93% i
A/ 3 - . = ‘-
d / A Producell new nuclides, T3
Energy 4.0-6.5 MeV/u _ _ :
Current 1~10 PUA mCIUdmg the 113 Mc Spectrometer for Heavy Atoms aljSxseeas” J*’
A Reachl5 puA Hl beam Nuclear Structur¢SHANS2) RN * T2
Modes CW - -
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Beam Loss Control

Initializaiton Beam loss contro pllimation & unifor
LEBT : Transverse beam U Low beam loss control U Beam uniformity by Mult
quality control Bend structure ~ V Lattice optimization compact order Sine wave scanning

U Collimation at A2T

+ beam scraping gustperiodic structure and i Fourierharmon "

RFQ : Longitudinal beam periodic lattice ouriernarmonic sUperposition
: . : based on RF cavities

quality control Full particle V Beam matchingfor

optimization mitigating halo formation and

MEBT: Beam halo contrel beam emittance growth

Full space scraping V Beam halo collimationto

Phase space reconstructing reduce the probability of beam

loss on SC elements
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Beam Loss Control

162.5MHz / 325MHz / 650MHz
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Beam Loss Control R) <O

o " st ~ Ultra-large-scale simulatioh
- o o &'\ y . Accuratelylocate beam losstatusanalyze
: ® e :>- jn A . fine beam structure and beam halo
! . evolutiori 50k, 5million, and 50million

Ultra -high-speed simulation:
increasement of three ordersO-million scale can be completedthin 2 minutedor the CIADS linac

Time comsumption (s)

parti—num (1 CPU Core) (56 CPU Core)
1 A100 4 A100
106 17486. 28 5242. 57 11.55 -
107 179255. 50 26021. 41 80.50 36. 43
5%107 896277. 50 119213. 64 367. 76 107. 78
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Fallure Compensation

Match compensation to avoid beam loss
by adjusting the neighboring cavities
and magnets of the failure cavity

Energy compensationby the
reserved cavities in the high

energy part
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Design method based on Reinforcement
Learning

. -o.z |- ][f_\:
Twiss parameter Energy compensation at oaf
matching at failure cavity high energy part 5 EREal
Matchlng Agent e . . . . .
50 Geneiuaution 150 200 o 10 20 3SDtep 40 a0 &0 To
Genetic Algorithm Reinforcement Learning Algorithm

Strong generalization ability

v

- EEEG R %)

reinforcement e
learning networ k

,,

Select cavity

Agent SimUIation
(Po

lic .
ObséWation RENLEONE

Adjust Eacc

and phi_s £ 2 g T
: l \ j I: e ,‘ I i | ‘, il i :;!%\z . . |
fall ! S0010#3 ;I;M :c‘-:lms ‘IIIH:F:;(I]IDH S(Ulld: SUJW‘SZIII‘T;‘\ 01922 ;(BIB’I I:; So1945 S;% S(-JIQt?:IIIT\)FE 5001649 SCO19#10
Resoren
i utpu . .- .. . .
b gy Compare with Traditional optimization algorithms:
: | Less step better performance + works in more situations
In the face of the high-dimensional and nonlinear challenges posed by failure compensation
= problems, reinforcement learning algorithms represent a more optimal choice.

The status of CIADS linac, Daejeon | 16i 21 August 2026



é | Y

China Initiative
Accelerator Driven System

RL-Based Predil ct

el
S

©
"ll)ﬂn o SO

(‘c;::u
s NST 2025 (Editor-Recommended),

p— o CAFE2 Cavity Fault Detection,

"""""""" g - Accuracy: 96% (FPGA deployment

= pending) |
nb::;:hq 0 ,l:‘ 0 W o T W W 100
BPMs delta. I‘|

PRAB 2023 Medium-Ener gy Raliable gperation ’

|

| NIMA2021, CAFE2 EM Oscillation

| .
pe [FagittD | O n

|

|

|

|

|

|

|

|

I

|

|

|

|

|

|

|

|

Demonstration
correction algorithms

_ Al modeling of SC cavity
| SCIENCE CHINA mechanical modes
Physics, Mechanics - - - Deployed for CAFE2 operation,

drastically reducing EM

s s ?t L { é.:u\‘/l\.o oscillation frequency
eI v
| giLF,. . o (10Y 0.4/day)

—————————————————————————————————————————————————————————————————— tracewiniil
0

) High-f 1 d el
SCPMA 2025I] SC

Section Orbit Correction
Proposed nonlinear-dynamics-based
accelerator controller design; achieved 42-
dimensional fulkb eaml i ne or bi t

0 50 100

Both approaches now routinely

used in CAFE2 daily IJMPA 2023, CAFe2 Phase-Space
commissioning, significantly | T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T ' Surrog ?t e Mo :i el

. . .. . . a alO Wi
enhancing operation efficiency Driving full smart accelerator Og&F Itij@Z OBV 1t

The status of CIADS linac, Daejeon | 16i 21 August 2026



Outline

A Intrduction of CIADS
A Challenge and Design of linac for CIADS
A Progress of the CiADS linac

A Future Application Plan

The status of CIADS linac, Daejeon | 16i 21 August 2026



Families of SRF

CcMO010 cMo019 CMO040 CMO062 CcMO082
HWR cavity, beta= 0.10| HWR cavity, beta=0.19 HWR cavity, beta= 0.40 Elliptical cavity, beta= 0.62 Ellipticalcavity, beta= 0.82

A Total 151 superconducting cavities with five cavity types for th€iADS linac

A HWRO010(9)/HWR019(24)/HWR040(6®. Elliptical062(3Q/Elliptical082(28)

A The baseline is bulk niobium cavity

A Prototype meets the requirement of operation at 2K

A Cu/Nb and Nb,Sn/NbComposite Cavityas an alternative choice for 4.2K operation
A Thermal stabilityMechanical stability
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5 types of superconducting cavities, 151 units; a Universal Power Coupler Developed for 5 types of cavities
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Quality Inspection upon Entry
QC task Leak check tasks
Adopt strict quality
gﬂ“&‘%&‘\~ Inspection standards anc
S rohibit risk components iIdi -
Two Strings assembly penterin the clegnroom BUI:\s:mg e Eleitrsomf ask
workstations J anagement system
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