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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the different types of
ISO documents should be noted. This document was drafted in accordance with the editorial rules of the
ISO/IEC Directives, Part 2 (see wwwm%#&#ﬂee&weﬂ}www iso.org/directives).
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ISO draws attention to the possibility that the implementation of this document may involve the use of (a)
patent(s). ISO takes no position concerning the evidence, validity or applicability of any claimed patent rights
in respect thereof. As of the date of publication of this document, ISO had not received notice of (a) patent(s)
which may be required to implement this document. However, implementers are cautioned that this may not
represent the latest information, which may be obtained from the patent database available at

patent rights.

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specific terms and expressions
related to conformity assessment, as well as information about ISO's adherence to the World Trade
Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the following URL:
www-ise-org/ise/forewordhtmlwww.iso.org/iso/foreword.html.

https://www.iso.org/directives has been redirected to
http://www.iso.org/directives-and-policies.html. Please verify
the URL.

Commented [eXtyles3]: The URL
https://www.iso.org/patents has been redirected to
http://www.iso.org/iso-standards-and-patents.html. Please
verify the URL.

Cc ted [eXtyles4]: The URL

This document was prepared by Technical Committee ISO/TC 85, Nuclear energy, nuclear technologies, and
radiological protection, Subcommittee SC 2, Radiological protection.

Any feedback or questions on this document should be directed to the user's national standards body. A
complete listing of these bodies can be found at wwwiiso.org/membershtmllwww.iso.org/members.html.

https://www.iso.org/iso/foreword.html has been redirected to
http://www.iso.org/foreword-supplementary-
information.html. Please verify the URL.
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Introduction

Protons deliver most of their energy at a prescribed, programmable distance inside the body, known as th
Bragg Peak. With this feature, proton therapy is used to treat many cancers and is particularly appropriate in
situations where treatment options are limited and conventional radiotherapy using photon beam presents
unacceptable risks to patients. The use of proton accelerators to administer external beam radiation has been
evolving and the proton therapy centres are rising worldwide.

A typical large proton therapy centre consists of an injector, a cyclotron or synchrotron to accelerate thb
particles, high-energy beam selection and transport system, several treatment rooms (fixed beam and/or
gantry) and, occasionally, a research room. Strong secondary radiation, particularly high energy neutrons, is
produced at locations where beam losses occur. Such losses may occur in the cyclotron or synchrotron along
the beam transport system during acceleration, extraction, energy degradation and transport of the protons
to the treatment room, and in the treatment and research nozzles. In addition, the production of proton beam
interactions in the patient, beam stop, or dosimetry phantom also results in stray radiation production. As a
result, meters-thick barriers are generally used around the entire accelerator system. The radiation shielding
of proton therapy centre is quite complex and become one of the key elements to commission a proton therapy
centre, in the perspective of both capital and time consumed.

AIECA60601—A2—64-\ relates to the design and the construction of the light ion, including proton, accelerators tp

ensure the safety of their operation-H-Several-nationalt?i3l-or-internationalt#5#51.0] Several nationall0!l0] or
internationall0!l0]l0! reports propose recommendations concerning the installation, the commissioning, and
the operation of these accelerators, the safety devices, the design and the calculation of protection barriers,
the radiological control and monitoring. National standardst#4e401101[01(0] have been established in Certaih
countries. Moreover, national regulations generally impose rules of protection against radiation, in particular
relating to the definition of the controlled area and supervised area and the calculation of shielding.

Considering the developments of proton therapy techniques and of new designs of proton therapy facilitiek
on the one hand, and the variety of guidelines or normative documents on the other hand, itappeared judicious
to establish an international standard to be used as a general framework. This document is intended to be
complementary to the other international standards (IEC and IAEA).

The following items are discussed in this document:

— ——shielding design assumption and goals;

— —radiation fields;

— ——materials for radiation shielding: concrete (ordinary or high density), steels;
— ——role of stakeholders;

— ——general formalism for shielding calculations;

— ——calculation methods;

— ——radiation survey of the completed installation to ensure national requirements have been met and thg
shielding design is fit for purpose after installation of the accelerator.
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Radiological  protection — Medical proton accelerators

i — Requirements and recommendations fo
shielding design and evaluation

1 Scope

This document is applicable to the radiation shielding design and evaluation work for medical proto
accelerators of proton energies ranging from 70 MeV to 250 MeV, with subsystems such as beam transport
system and nozzle components.

The radiation protection recommendations given in this document cover the aspects relating to regulation:%,
shielding design goals and other design criteria, role of the manufacturers, of the radiation protection officer
or qualified expert, the medical physicist, the licensee and interactions between them, sources and radiations
around a proton accelerator, shielding for accelerators and its subsystems (including shielding materials and
transmission values, calculations for various room configurations, duct impact on radiation protection) and
the radiological measurements.

FLASH proton therapy is not covered by this document.

NOTE1  AnnexAAnnex A provides a list of the most used Monte-Carlo codes for shielding calculation. -

T

NOTE2  AnnexBAnnexB provides the analytical methods and the corresponding necessary data for shieldin,
calculation.

b

NOTE3  AnnexEAnnex C provides a set of examples on shielding calculation of barriers, maze and skyshine problems.

NOTE 4  AnnexBAnnex D provides radiation shielding consideration on special topics.

2 Normative references «

The following documents are referred to in the text in such a way that some or all of their content constitutes
requirements of this document. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

A

<std=]1S0,12749--2:20622, Nuclear energy, nuclear technologies, and radiological protection — Vocabulary -+

Part 2: Radiological protection</std>

<std>1S0-16645:26161S0 16645, Radiological protection — Medical electron accelerators — Requirements
and recommendations for shielding design and evaluation</std>

IS0 80000-10, Quantities and units — Part 10: Atomic and nuclear physics

3 Terms and definitions “«

For the purposes of this document, the terms and definitions given in IS0 12749-2:2622, ]SO,16645:2014, |

IS0O-80000-10 and the following apply.
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