= @

ASIPP

Experience on developing a radiation protection standard

ISO 24427-2025 Radiological protection — Medical proton accelerators —Requirement

and - recommendations for shielding design and evaluation

Kun XU
Institute of plasma physics, Chinese Academy of Sciences (ASIPP)

IAEA C&S technical meeting, 19 Nov. 2025

IAEA C&S technical meeting, 19 Nov. 2025 1



1SO
\ g Content

1. Background of ISO 24427

2. About ISO 24427

3. Lessons learned

4. Radiation safety issues of Fusion device

5. Summary

IAEA C&S technical meeting, 19 Nov. 2025



ASIPP

@ Background of ISO 24427

Proton Therapy is already widely used. And the number is rising!

Part|C|e Therapy Centel’S WOI’|dWIde Gantry Pit Beam Transport “corridor” Energy Selector Cyclotron *%k
most are Proton Therapy Centers*: - |
* In-operation: ~ 127 centers

* Under Construction: ~ 34 centers
* In Planning Stage: ~39 centers

Gantry Treatment Rooms Fixed Beam Treatment Room

The radiation shielding is one of the key issues for a PT center

« proton beam is of energy up to ~250MeV, strong secondary radiation field are produced

* multiple beam loss points

« as meters-thick barriers are needed, the design, commissioning and operation including the
buildings can be capital and time consuming. The capital cost of radiation shielding
walls can be as much as that of medical proton accelerator

* https://www.ptcog.ch/index.php/facilities-in-operation

** Terapia del protén: Detras de las escenas | OncoLink



https://www.ptcog.ch/index.php/facilities-in-operation
https://www.ptcog.ch/index.php/facilities-in-operation
https://www.ptcog.ch/index.php/facilities-in-operation
https://www.ptcog.ch/index.php/facilities-in-operation
https://www.ptcog.ch/index.php/facilities-in-operation
https://es.oncolink.org/tratamiento-del-cancer/radiacion/tipos-de-radioterapia/terapia-con-proton/resumen/terapia-del-proton-detras-de-las-escenas
https://es.oncolink.org/tratamiento-del-cancer/radiacion/tipos-de-radioterapia/terapia-con-proton/resumen/terapia-del-proton-detras-de-las-escenas

ASIPP

@ Background of ISO 24427

Relevant existing documents at the international or national levels

International
« PTCOG Report 1 Shielding design and radiation safety of charged particle therapy facilities

+ IS0 16645-2016 Radiological protection — Medical electron accelerators — Requirement and
recommendations for shielding design and evaluation.

 (IAEA-TECDOC-1891 Regulatory Control of the Safety of lon Radiotherapy Facilities)

National
« National Standards: GBZ/T 201.5-2016, DIN 6875-20:2016-08
« Technical reports: NCRP Report No.144,

« Other scientific publications: K. Tesch, S. Agosteo ...

NO international standard for medical proton accelerators yet!

An international standard for medical proton accelerators radiation

shielding design and evaluation will help a lot!

IAEA C&S technical meeting, 19 Nov. 2025
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@ Background of ISO 24427

the radiation safety issues and the environmental impacts of PTC:
« direct radiation

« skyshine (and ground shine),
 air activation and airborne radioactivity, and ground activation.
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ISO 24427

ISO 24427:2025 Radiological protection — Medical proton accelerators —
Requirement and recommendations for shielding design and evaluation

WG: TC85/SC2/WG23

Shielding and confinement M—' o interational

systems for protection -

(new work item proposal)

against ionizing radiation |

First CD (Committee draft)
2 Building expert consensus =

or 1S0/PAS (Publicly ISO 24427

] Available Specification)
Mllestones Radiological protection — First edition
Medical proton accelerators 2025-09
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International Standards Standard
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« Specify the requirement and
recommendations for shielding design and
evaluation of medical proton accelerators

* Clear responsibilities of each
stakeholders as well as their interactions.

Promote the

construction and
operation efficiently.

« Clarify the source terms and radiation

fields around a proton accelerator and Act as a fair
the correlated subsystem ) technical reference
« Standardize the analytical method for

radiation attenuation and the radiological
monitoring (measurements)

» Meters-thick barrier (concrete walls) around .
the entire accelerator system to attenuate Pro_ml_se the
the secondary radiation radiation safety of
« Normalized safety and operation PT center and
mechanism personnel

TAEA C&S technical meeting, 19 Nov. 2025 7
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TOC ighlights

+ 4 Shielding design goals and other design criteria - -
Applicable to 70 MeV to 250 MeV medical
4.2 Shielding design assumptions and conditions

~ 5 Role of stakeholders and the interactions
proton accelerators.
5.2 Manufacturer of the proton therapy system
5.3 General contractor/architectural firm

+ the specifications on the shielding design

5.5 The medical physicist or other

5.6 The licensee or other I
~ 6 Radiation sources of a medical proton accelerator goa s,

6.1 General

» 6.2 Prompt radiation sources th I f t k h Id
[ J

6.3 Radiation during shut down e ro es o S a e o ers
~ 7 Shielding materials and transmission

7.1 General

2 Shielding materiate * radiation sources and transmission

7.3 Transmission

8 General formalism - - - -
» direct comparison of difference calculation
» 9.2 Monte-Carlo simulation
o method and_the prioritization of Monte Carlo
10.1 General
g simulation in radiation shielding design and
~ Annex A Monte-Carlo simulation for the radiation shielding of medical proton accelerators
A.1 Monte-Carlo codes

.
A.2 Fluence-to-effective dose conversion factors for neutron and photon eval u atl o n

~ Annex B Analytical methods for the radiation shielding of medical proton accelerators

» B.1 Approaches for the calculation of shielding barriers
» B.2 Approaches for the calculation of maze or dust [ ]
» B.3 Approaches for the calculation of Skyshine

~ Annex C Examples of radiation shielding calculation

C.1 Typical configurations of proton therapy centre ° TAD R vs I D R

» (.2 Estimation of workload for radiation calculation

» C.3 Radiation shielding calculation
~ Annex D Special topics
D.1 The secondary neutron fields around a proton accelerator
» D.2 Activation
Bibliography
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Ensuring adequate protection for both workers and the members of the public

from medical proton accelerator radiation is a cooperative effort. General

guidance on the roles, responsibilities, and interaction among the various

stakeholders involved in this process is provided.

the roles of stakeholders,

the regulatory body

manufacturer of the proton therapy system
general contractor/architectural firm
radiation protection officer or other
medical physicist or other

the licensee or other

It is highly noted that the roles, responsibilities, and interaction of the

stakeholders depend on the commercial contracts between them and should be

in accordance with existing national regulation. The licensee of a proton therapy

system is primarily responsible for the radiation safety.

IAEA C&S technical meeting, 19 Nov. 2025 9
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radiation sources

Proton hits target nucleus, producing

prompt radiation

* Intra-Nuclear Cascade (INC): cascade of
reactions within nucleus, forward peaked
nucleon emissions...

Excited nucleus
-Evaporation

Ba Spallation residue

o, B,y decay

- Evaporation of Nucleons and Fragments: )%
isotropic emissions :
- - Y Fission products
and activation and decay... | |

radiation shielding design & calculation

Point of interest

Prompt Radiation (250MeV)-ALL

uSv/h

Particle beam

I
%

0 1000 2000 3000 4000 5000 6000 7000 8000

Analytical method — PK models MC codes

IAEA C&S technical meeting, 19 Nov. 2025 10
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direct comparison of difference calculation method

Neutron dose by

Neutron dose the self-contained

S FLUKA MCNP Geant4 PHITS b&;‘;‘i{‘;l‘ff‘;‘i representation of
No.| Point of interest p the point kernel
method
method
pSv/week pSv/week uSv/week uSv/week usSv/week uSv/week
1 | Dueeastoutside 0,62 0,51 0,61 0,73 0,15 3,86

barrier

East outside
2 barrier on the 0,062 0,058 0,065 0,038 0,006 0,28

rotating plane

3 D“esg“th."“tsme 0,67 0,56 0,66 0,56 0,315 6,05
arrier
4 | Southwest out- 0,34 0,49 0,33 0,49 0,090 1,27
side barrier
A 5 | Duewestoutside | g, 0,60 0,81 092 111 17,77

barrier

- West outside
6 barrier on the 0,41 0,20 0,40 0,27 0,048 1,61

rotating plane

Outside the maze

Lo 26m 7 . 0,072 0,093 0,071 0,093 0,647 18,48
1,65m oor
e :
: 8 R‘ghtﬁfg’f"e the 0,62 0,56 0,61 0,52 0,025 0,92

PK models vs MC codes

IAEA C&S technical meeting, 19 Nov. 2025 1
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the prioritization of Monte Carlo simulation

* Monte-Carlo simulation can provide simulation on non-standardized geometry of
shielding barriers, customized materials of targets and shielding barriers, which is
not possible by calculation with analytical methods.

» Monte-Carlo simulation should be technically preferred when applicable.

Dose Rate (1Sv/h)
 1.32e+06

- 1.00e+5
1.00e+4
~ 1.00e+3
" 1.00e+2
 1.00e+1

- 1.00

= 1.00e-1

~ 1.00e-2

= 1.00e-3

| 1.00e-04

Geant4 PHITS

TAEA C&S technical meeting, 19 Nov. 2025 12
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evaluation: TADR vs IDR

- TADR - time averaged dose rate, like “mSv per year”; the shorter the
averaging period the more complex.

« IDR - instantaneous dose rate. For pulse operation, IDR is more like a
“theoretic value”. IDR is introduced by some countries, without really
specifying the “instant” or measurement technique, USE ONLY WHEN
NECESSARY !

|AEA: advice that there may be some countries that ’
regulate TADR for short intervals or IDR.

USA/Thailand: 20uSv in any one hour

Germany: 20uSv per week; but < 3mSv/h IDR

China: 2.5 uSv per hour IDR - instantaneous!

UK: 7.5uSv per hour IDR; averaged over 1min by ACOP

Singapore: 10uSv per hour IDR “outside the X-ray room”

* Radiation Shielding, Meissner Consulting GmbH, PTCOCIA%N@%@%&%A%%Q)meeting’ 19 Nov. 2025 13
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y issues of fusion device

the radiation safety issues of fusion device (Tokamak)

HOBZONTAL WATER FLOW

v direct radiation
v skyshine

v activation
and more:

« SDDR

e Tritium

« ACPs

Active maintenance facility

P ing syst

Detritiation for removed

systems ‘ components

Radioactive waste
building

(incl. potential waste processing,
interim storage etc.)

Cooling
systems
Transport of
activated and
tritiated
material

Machine ¢
maintenance
Biological dose

Environment

Sky shine

mmmmmm First confinement system

s Second confinement system

_ Material damage
" Helium production

Neutron
Multiplication

Nuclear Fusion
14 MeV Neutron

MATERIAL
ACTIVATION

3Be +n - 23He + 2n

Tritium
Breeding
SLi+n - 3He + 3T

Diagnostics
/heating and
other

Cryostat electronic

systems
Dose to
electronics

Bioshield

Tokamak building

« other source: magnetic energy, lig He...

* Valentine, A. etc. Advancing Methods for Fusion Neutronics: An Overview of Workflows and Nuclear Analysis Activities at UKAEA. Fusion Science and Technology, 79(8) 4
1008-1022. https://doi.org/10.1080/15361055.2022.2141528
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different fusion devices, the standard should be general

By General approach

: : ; : ; . General approach *%
Magnetic Confinement Fusion Magneto-Inertial Confinement Fusion Inertial Confinement Fusion % X .
@ 25 Magnetic confinement (inc. Tokamak, Stellarator)
@ 11 Inertial confinement
@® 6 Magneio-ineriial
4 Hybrid electrostatic confinement
n 1 Muon-catalyzed fusion
i v / %5, o @ 2 Non-traditional concepts/Not stated
o P = _— “
Specific approach
Stellarator
Laser-driven inerfial confinement
Spherical tokamak
Tokamak
Magnetized target fusion
Magnetic-electrostatic confinement
Field Reversed Configuration

Laser-driven inertial confinement, with pB11 fuel

Z-pinch

Active-target muon production and high density fusion cell
Inertial-electrostatic lattice confinement

Poloidal magnetic confinement

Pulsed magneto-plasma pressurized confinement
Shock-driven inertial confinement

Plectoneme

Supporting Multiple Approaches

Dense Plasma Focus

Magnetic Mirror

Dynamic Stellarator

Levitated Dipole

Pulser-driven inertial confinement

Quasi-isodynamic stellarator

Spindle cusp, superconducting shielded-grid Inertial Electrostatic Confinement
Magnetic Mirror

Electrostatic confinement

Centrifugal Magnetic Mirror

e e e e e e e o e NN W W WOBNN

-“

Deuterium - tritium
Proton - boron
Multiple fuels
Deuterium - helium3

Deuterium - deuterium

Lithium

* ML24067A227_Preliminary Draft NUREG-1556, Volume 22 (March 18, 2024) 15
** The alobal fusion industrv in 2025. bv FIA
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\ = & Summary

* From ISO 24427 for medical proton accelerator, some experience are
learned, such as, how to develop a standard in ISO; some lessons are
learned, such as, the clarification of roles of stakeholder, the prioritization of
Monte Carlo simulation in radiation safety design analyses, the prioritization
of using TADR in design and evaluation.

 Fusion R&D are accelerating in recent years, the number of fusion devices
are rising, the radiation safety of fusion devices shall be assured.

 The radiation safety issues and environmental impacts of fusion device are
much more complicated. The corresponding radiation protection standards
are expected, the corresponding work is of great importance.

« The radiation safety standard should be general, to fit lots of different
concepts of fusion devices (Magnetic, Inertial and Magneto-inertial), with or
without using tritium as fuel

IAEA C&S technical meeting, 19 Nov. 2025 16
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Thank you!
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