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ITER will be the first operating fusion facility under nuclear regulation. 
Lessons learnt from safety implementation and licensing.

Radiological protection objectives are key challenges considering
plant performance, safety and regulatory constraints.

High neutron/gamma radiation fields from various distributed sources, high 
inventories of Tritium and radioactive substances.

Underestimation of radiological protection issues based on preliminary and
incomplete design data.

Design for shielding provisions complicated by evolving plant/system design.

Radiological protection objectives and radiation induced issues are
potential (safety) design drivers

Requires evolving nuclear design process with ALARA integration at early
design phase.
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Principles of Radiological Protection
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Source-related and in all exposure situations
Justification

Any decision which alters the radiation exposure situation should do more 
good than harm.

Optimization
The likelihood of incurring exposures, the number of people exposed, and the 
magnitude of their individual doses should all be kept as low as reasonably 
achievable, taking into account economic and societal factors.

Individual-related and in planned exposure situations
Limitation

The total dose to any individual from regulated sources in planned exposure 
situations (other than medical exposure of patients) should not exceed the 
appropriate limits.
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Towards a Comprehensive RP Programme
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Comprehensive administrative and technical measures to design, 
operate, maintain and dismantle the facility from a radiological protection
perspective.

Basis to identify, minimize and limit radiation hazards and exposure to
ionizing radiation.

Covers the full project life-cycle from design to decommissioning. 

Develop and implement at (early) design phase.

Provide sound basis to implement principles of radiological protection
into organisational and technical processes.
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External radiation exposure from various sources
Fusion plasma
Activated structures
Activated liquids (water, PbLi)
Activated dust
Activated corrosion products
Radiological waste
Radiation sources from monitoring, diagnostics, H&CD
Radon

Internal radiation exposure from air-borne sources
Tritium
Activated dust
Activated corrosion products

Hazards of Exposure to Ionizing Radiation
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Approach to Radiological Protection
in the Design Phase
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Relevant DEMO Objectives

Stakeholder requirements define DEMO plant performance
objectives, such as

Demonstration of electricity production: typically 300 MWe.

Extrapolability of availability (DEMO 30%) to commercial FPP: e.g. 60-90%.

Estimation of future full life-cylce economic potential of FPP.

Similarly, favourable safety and environmental protection is to be
demonstrated, such as

Safety functions are maintained in all situations.

Exposure to hazards are controlled, kept below limits and as low as
reasonably achievable.

12 Sep 2023

Radiological protection is implemented through the safety function

„Limitiation of exposure to ionizing radiation“
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Radiological Protection at Design Stage
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Normal operation inherently covers preventive maintenance and 
inspection (M&I) activities to operate and maintain the facility in safe 
conditions.

Design for Maintenance (as plant driver)

Few key elements specifically relevant for Radiological Protection

Risk and hazard identification

Inventory of radiation sources incl. activation sources

Radiation and contamination mapping.

Maintenance strategy

Maintenance inventories

Maintenance types (preventive, incl. inspections, corrective and logistics)

Radiological protection design guideline and ALARA design process
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Design Implementation of RP Objectives
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Radiological protection is a challenge …
Impact on plant performance, integration, maintenance, safety, licensing …

Complexity of exposure scenarios (sources, configurations, work places …)

Requirements affect DEMO plant across PBS

Plant and functional breakdown structure for identification of transversal functions with
dedicated requirements, contraints and interfaces.

Maintenance Plant availability

Materials Material choices (outside civil works)

Nuclear Integration Radiation protection issues

Vacuum Vacuum needs (outside fuel cycle)

Tritium Tritium related issues (outside fuel cycle and breeding blanket)
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Radiological protection design is a highly transversal activity
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RP: Maintenance Strategy
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Starting point: Maintenance inventory

Maintenance items: based on DEMO PBS and SSC list

Maintenance environment: room book data, plant layout (GBS)

Definition of Maintenance Strategy

Preventive Maintenance: any planned and predefined activity aiming to 
maintain the function of a SSC at the high level of required performance, 
quality and safety.

Corrective Maintenance: any unplanned (and undefined) activity due to 
failure, aiming to restore the function of the failed SSC at the high level of 
required performance, quality and safety.
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RP: Nuclear Integration
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Starting point: Protection requirements, inventories, shielding
architecture

Investment and occupational exposure protection

Inventories of radiation source terms (including activation sources), SSC with
shielding performances

Definition of generic shielding architecture (tokamak, nuclear building)

Nuclear design support

Nuclear analyses (including V&V) in support of plant architecture and system
design

Integration of radiological protection design activities in design processes

Radiological protection design guideline and ALARA design process
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Radiological Protection&Shielding Requirements
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Generic Safety Requirements

Requirement 81: Design for radiation protection

Identification and control of radiation source

Selection of materials to minimize activation ALARP

Access control and further prevention/mitigation of exposure

Radiological zoning

Requirement 5: Radiation protection in design

Establishment of acceptable limits consistent with regulatory
requirements

Requirement 9: Proven engineering practices

Design of safety important components according to
national/international codes and standards.
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DEMO Radiological Protection Req.
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Dose limits

Radiological zoning



D. Leichtle, Radiological Protection Design Considerations for DEMO
ISFNT-15

September 2023, Las Palmas de Gran Canaria
12 Sep 202316

Radiological Protection Design Guideline
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Preliminary Items of a DEMO RPD Guideline 

Purpose of the guideline

Introducing a Radiological Protection
policy to raise awareness, stipulate
commitment to responsibilities and to
support the general safety culture.

Defining relevant high level design 
principles/recommendations and 
activities.

Prepare for a formalized ALARA 
design process.

Radiological Protection Design Guideline

Design principles

Global 
shielding
approach

Source control

Shielding
priorities

Material 
choices

Recommendations

Design activities

Nuclear
analyses

Design change
and control

Design review
and

configuration
control

ALARA process

Maintenance 
plan

Radiation 
mapping

ORE 
methodology

Dose reduction
factors

Selection
criteria

RP policy Safety/regulatory constraints
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General Aspects for Integrated Shielding Design
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Identification of all relevant 
radiation source terms: particle, 
energy, source strength, location, 
distribution …

Protection priorities and hierarchy

Shielding from the source(s)

Improve weak shield capabilities of 
the primary shields

Apply primary shields to (potentially) 
all radiation source terms
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General Aspects for Integrated Shielding Design
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Streaming and leakage mitigation, 
moderation, absorption, material 
tailoring and optimization.

Shielding of port systems to reduce 
radiation levels inside the 
maintenance area.

And concurrently: reduce the 
radiation cross talk and 
backscattering by enhanced 
absorption.

Use of reduced activation materials.

Permanent and temporary shields 
(during interventions)
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Shield Design Issues at DEMO Tokamak Shield
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Ports (and port plugs) contribute to the overall 
shielding objectives of the primary shield 
assembly.

Assembly gaps between Blanket Segments.

Number/size of ports and port openings

Manufacturing, assembly and maintenance 
tolerances

Shielding imperfections due to gaps, 
penetrations, backfilling, etc.
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Some Generic Design Recommendations

12 Sep 2023

Design for Maintainability with Radiological Protection 
background

… start in conceptual design.

… provide respective design margins.

… focus on „shielding functions“ and „control of radiation sources“ 
concurrently.

… consider „safety design“ broader, include Radiological Protection.

… simplify, optimize and standardize design solutions to improve
reliability (decrease maintenance needs).

… include stakeholders (systems, transverse functions, …) in the design 
process.
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ALARA Design Implementation
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Practical ALARA implementation by

Continuous, predictive and iterative process;

Decision-aiding techniques to find the optimized protection solution;

Suitable objective means to demonstrate and justify the correct 
implementation.

Pre-requisites and inputs

RAMI assessment and Maintenance&Inspection needs (as available)

Maintenance plans/activities with hands-on work efforts

Facility zoning and radiation mapping (room book data)

Possible dose reduction factors
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ALARA Design Implementation
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ALARA process involves

Evaluation of the exposure situation and selection of 
appropriate dose constraints

Identification of protection options (or dose reduction factors)

Analysis of options and selection of best option under 
prevailing circumstances

Implementation of selected option

Feedback from design and operations (RoX)
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DEMO RP status

12 Sep 2023

Radiological Protection

Requirements

System Engineering

Maintenance

Preliminary ORE assessments

Inventories, radiation sources

Radwaste

Neutronics

Radiation transport and activation

Room book

Remote Handling

Safety

System Design

Plant Architecture
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Conclusions
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Conclusions

Radiological Protection (RP) is a major design driver for fusion facilities due to
its global and transversal function and challenging design constraints.

Its successful integration supports public acceptance of nuclear fusion
technology.

Implementation of technical and administrative measures at early design phase
is instrumental for a qualified life-cycle RP Programme.

EU DEMO project addresses RP design via dedicated Transversal Functions. 
Nuclear design issues are adressed in a system engineering approach.

Main elements are identified and progressively developed. Preliminary RP 
design guideline and ALARA process are in preparation.
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Thank you for your attention!
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