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ALL AGREEMENT AND NON-AGREEMENT STATES
STATE LIAISON OFFICERS

OPPORTUNITY TO REVIEW AND COMMENT ON INTERNATIONAL ATOMIC ENERGY
AGENCY (IAEA) DRAFT SAFETY GUIDE DS454, “PREDISPOSAL MANAGEMENT OF

RADIOACTIVE WASTE FROM THE USE OF RADIOACTIVE MATERIALS IN MEDICINE,
INDUSTRY, AGRICULTURE, RESEARCH AND EDUCATION” (FSME-14-081)

Purpose: To provide States with the opportunity to review and comment on the Draft Safety
Guide DS454, "Predisposal Management of Radioactive Waste from the Use of Radioactive
Materials in Medicine, Industry, Agriculture, Research and Education"12,3 by October 25, 2014,
to the contact listed.

Background: The general IAEA principles of managing radioactive waste in a safe manner
have been set out in the IAEA Safety Fundamentals publication entitled Fundamental Safety
Principles. This Draft Safety Guide is concerned with the application of these principles to the
management of radioactive waste prior to disposal. The objective of Draft Safety Guide DS454
is to provide guidance on the safe management of radioactive waste arising from the use of
radioactive materials in medicine, industry, agriculture, research and education.

1 This information request has been approved by OMB 3150-0029 expiration 04/30/2017. The estimated burden
per response to comply with this voluntary collection is approximately 8 hours. Send comments regarding the
burden estimate to the Records and Information Services Branch (T-5F53), U.S. Nuclear Regulatory Commission,
Washington, DC 20555-0001, or by Internet e-mail to infocollects.resource@nrc.gov, and to the Desk Officer,
Office of Information and Regulatory Affairs, NEOB-10202 (3150-0200), Office of Management and Budget,
Washington, DC 20503. If a means used to impose an information collection does not display a currently valid
OMB control number, the NRC may not conduct or sponsor, and a person is not required to respond to, the
information collection.

2 This information request has been approved by OMB 3150-0200 expiration 09/30/2015. The estimated burden
per response to comply with this voluntary collection is approximately 8 hours. Send comments regarding the
burden estimate to the Records and Information Services Branch (T-5F53), U.S. Nuclear Regulatory Commission,
Washington, DC 20555-0001, or by Internet e-mail to infocollects.resource@nrc.gov, and to the Desk Officer,
Office of Information and Regulatory Affairs, NEOB-10202 (3150-0200), Office of Management and Budget,
Washington, DC 20503. If a means used to impose an information collection does not display a currently valid
OMB control number, the NRC may not conduct or sponsor, and a person is not required to respond to, the
information collection.

3 This information request has been approved by OMB 3150-0163, expiration 03/31/2016. The estimated burden
per response to comply with this voluntary collection is approximately 8 hours. Send comments regarding the
burden estimate to the Records and Information Services Branch (T-5F53), U.S. Nuclear Regulatory Commission,
Washington, DC 20555-0001, or by Internet e-mail to infocollects.resource@nrc.gov, and to the Desk Officer,
Office of Information and Regulatory Affairs, NEOB-10202 (3150-0200), Office of Management and Budget,
Washington, DC 20503. If a means used to impose an information collection does not display a currently valid
OMB control number, the NRC may not conduct or sponsor, and a person is not required to respond to, the
information collection.
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Discussion: NRC has been provided the Draft Safety Guide DS454, "Predisposal Management
of Radioactive Waste from the Use of Radioactive Materials in Medicine, Industry, Agriculture,
Research and Education" for Member State review and comment. Enclosed is: (1)
communication from the IAEA concerning this document and its review, including an
“Explanatory Note” regarding this document; (2) DS454, “Predisposal Management of
Radioactive Waste from the Use of Radioactive Materials in Medicine, Industry, Agriculture,
Research and Education;” and (3) a blank template for comment preparation.

The review should focus on the following:

Are there any safety issues that may be inconsistent with States Regulations or
common practices?

2) Relevance and usefulness of this document. Are the stated objectives
appropriate, and are they met by the draft text? Do you have any suggestions to
include in the document?

3) Is the stated scope appropriate and is it adequately covered by the draft text?

4) Do the requirements and guidance in the document represent the current
consensus among specialists in the field?

5) Are the requirements and guidance expressed clearly and coherently? If you
have any questions regarding this correspondence, please contact the individual
named below.

POINT OF CONTACT: Boby Abu-Eid INTERNET: Boby.Abu-eid@nrc.gov
TELEPHONE: (301) 415-5811 FAX: (301) 415-5369
IRA/

Laura A. Dudes, Director

Division of Materials Safety and State Agreements

Office of Federal and State Materials

and Environmental Management Programs

Enclosures:

1. Explanatory Note from IAEA

2. DS454

3. IAEA Comments Template
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Explanatory Note

Predisposal Management of Radioactive Waste from the Use of Radioactive Materials in
Medicine, Industry, Agriculture, Research and Education (DS454)

The draft text for review, entitled Predisposal Management of Radioactive Waste from the Use of
Radioactive Materials in Medicine, Industry, Agriculture, Research and Education, was prepared as a
draft Safety Guide for publication in the TAEA Safety Standards Series and has already been reviewed
through consultants’ meetings, as well as by the Waste Safety Standards Committee (WASSC) and the
Radiation Safety Standards Committee (RASSC).

The objective of this draft text, as accepted by the Commission on Safety Standards (CSS), is to provide
guidance on how to meet requirements on the safe management of radioactive waste arising from the use
of radioactive materials in medicine, industry, agriculture, research and education. The guidance is
intended for organizations generating and managing radioactive waste, organizations handling such waste
on a centralized basis and regulatory bodies responsible for regulating such activities. The document
focuses on moderate sized facilities, such as those encountered in medicine, industry and research, but
can also be applied to facilities with small inventories using a graded approach. This Safety Guide is
applicable to all activities involving radioactive waste associated with the use of radioactive materials,
including disused sealed radioactive sources. The Safety Guide covers the managerial, administrative and
technical issues associated with the safe management of radioactive waste, from generation to release
from further regulatory control or its acceptance at a disposal facility or a storage facility awaiting the
availability of a suitable disposal option.

Comments are requested in relation to:
e Relevance and usefulness — Are the stated objectives appropriate, and are they met by the draft text?

e Scope and completeness — Is the stated scope appropriate, and is it adequately covered by the draft
text?

e Quality and clarity — Do the requirements/guidance in the draft text represent the current consensus
among specialists in the field, and are they expressed clearly and coherently?

Comments of an editorial nature will be considered; however, it should be noted that the draft text will be
comprehensively edited by the IAEA Secretariat.

Any comments should be made in English, should refer to the relevant paragraph number in the draft text
being reviewed, and should propose alternative text where appropriate. Please use the attached Form for
Comments to record all comments.

The responsible IAEA officer is Mr Kai Moeller of the Department of Nuclear Safety and Security, who
may be contacted for further information in connection with this subject by telephone at: +43 1 2600
22676 or via email at: K.Moeller@iaea.org.

Any comments should be sent through the established official channels to the responsible IAEA officer
by 5 December 2014.
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Form for Comments
Predisposal Management of Radioactive Waste from the Use of Radioactive Materials in
Medicine, Industry, Agriculture, Research and Education (DS454)

COMMENTS BY REVIEWER RESOLUTION
Reviewer: Page.... of....
Country/Organization: Dhoeos
Comment No. Para/Line Proposed new text " Reason Accepted Accepted, but Rejected Reason for

No. modified as follows modification/rejection




Statement by the Commission on Safety Standards

Publications in the IAEA Safety Standards Series are prepared and reviewed in accordance with a uniform
process. To this end, the Commission on Safety Standards (CSS) and four committees with harmonized
terms of reference — the Nuclear Safety Standards Committee (NUSSC), the Radiation Safety Standards
Committee (RASSC), the Waste Safety Standards Committee (WASSC) and the Transport Safety Standards
Committee (TRANSSC) — were established in 1996. The CSS has a special overview role with regard to the
IAEA’s safety standards and provides advice to the Director General on the IAEA’s overall programme with
regard to regulatory aspects of safety.

The uniform preparation and review process involves organizing expert group meetings; arranging at
different stages of preparation for the internal review of draft texts; submitting the texts to the relevant
Committee(s) for review; submitting draft texts to the IAEA’s Member States for comment; and submitting
the approved final draft of the safety standard' for endorsement by the CSS before publication.

The CSS stresses the importance of Member States’ comments to the preparation and review process for
safety standards. Publications in the IAEA Safety Standards Series not only should be of the requisite quality
but also should represent the consensus view of the Member States and should address the issues of
importance to the Member States. While the CSS, the Committees and the Secretariat strive to provide safety
standards that satisfy these criteria, the review of draft standards by experts in the Member States is an
essential stage in obtaining the broadest possible technical consensus and the highest possible quality and
relevance.

Member States are also encouraged to provide the IAEA with feedback on their use of the safety standards.
The status of safety standards extant and in preparation can be seen on the IAEA’s website, where there are
also links to electronic files for existing publications, including those in other official languages.” The
responsible IAEA officer is Mr Dominique Delattre, Head of the Safety and Security Publications Unit of the
Department of Nuclear Safety and Security. He may be contacted for further information in connection with
this subject by telephone at: +43 1 2600 22696 or via email at: D.Delattre(@iaea.org.

! Safety Guides are published under the authority of the Director General. Safety Fundamentals and Safety
Requirements publications require the approval of the Board of Governors, after endorsement by the CSS.

2 See http://www-ns.iaea.org/committees/files/CSS/205/status.pdf.
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1. INTRODUCTION

BACKGROUND

1.1. Waste that contains or is contaminated with radionuclides arises from a number of activities
involving the use of radioactive materials. Significant amounts of radioactive waste are generated from
a broad range of activities involving medical, industrial and research applications of radioactive

materials. The nature of this radioactive waste is likely to be such that radiation safety considerations

must be taken into account for its safe management. The importa of the safe management of

radioactive waste for the protection of human health and the envi has long been recognized,

and considerable experience has been gained in this field.

1.2. Predisposal management of radioactive waste afety Standard

publication, covers all the steps in the managem ioacti ration up to

1.3. The general principles of managing acti i anner have been set out in the

remaining radioactive waste from all sources that is not cleared, discharged or reused needs to be

managed safely over its entire lifetime, and there is, therefore, a need for the establishment of a

national policy and strategy for the safe management of radioactive waste [3].

1.4.  Processing of radioactive waste includes its pretreatment, treatment and conditioning and is
primarily intended to produce a waste form that is compatible with the selected or anticipated disposal

option. However, in many instances no disposal facilities are available and storage may be necessary



for considerable periods of time before disposal facilities become available. Radioactive waste will
also be handled and may be stored between and within the basic steps in its management and will also

have to be in a form that is suitable for such handling and storage as well as for any transport.

1.5. Whilst the safety principles [2] and requirements [3] are the same for managing any amount of
radioactive waste, there are a certain number of issues that have to be considered specifically within
organizations generating only small amounts of waste. This is particularly so in respect of spent and
disused sealed radioactive sources’. In activities involving the generation and management of small
amounts of radioactive waste, there is variation in the types of facilities and in the arrangements for

waste management. Furthermore, the types of radioactive waste differ ility to facility. Thus,

the approach to the safe management of small amounts of tive waste needs specific

consideration.

1.6. The radioactive waste in such facilities is varie

d may be in the form iscrete sealed or

unsealed radiation sources or may be in the form of arises as a
result of many activities including diagnostic, therape ications in medicine;
process control and measurement in industry; and in many in research, teaching, agriculture,
geological exploration, construction and ot . The waste can be in solid,
liquid or gaseous forms. Solid waste can i ¢ i aled sources; contaminated

equipment, glassware, gloves, paper; animal S, €XC d other biological waste. Liquid

to the safety issues wi may arise in their management and regulatory control. Both management

and regulatory control regimes should be sensitive and responsive to these factors.

1.8.  In facilities where only small amounts of waste are generated there may be limited knowledge

among the staff about the safety of radioactive waste management. The safety culture in staff may not

' ‘Predisposal’ is a contraction of ‘pre-disposal’; it is not a form of disposal. Terminology used in this
publication is defined and explained in the IAEA Safety Glossary [1]. See http:/www-
ns.iaea.org/standards/safety-glossary.htm.




be particularly focused to radioactive waste management either due to this limited knowledge and/or

because insufficient importance is given to the related issues by the organization.

1.9. Good operating practice can significantly reduce the amount of radioactive waste generated but
in general, waste cannot be fully eliminated. The waste may contain sufficient quantities of
radionuclides that if not properly managed the waste has the potential to present serious risks to human
health and the environment. Experience has shown this to be the case and particularly in respect of
spent or disused sealed radiation sources where poor practices in the past have resulted in radiation

exposure of both operating personnel and members of the public and have, on occasion caused

s of each of the various steps in waste management, while ensuring
that the waste i ntai nd stored in a passive, safe condition. In striking a balance between
choosing an option a g flexibility, it is necessary to ensure that conflicts between operational

demands that might compromise safety are avoided [2].

1.13. This Safety Guide provides guidance on application of the safety requirements [3]. It addresses
the roles and responsibilities of different bodies involved in predisposal management of radioactive
waste generated in medicine, research and industry [4], in the handling and processing of radioactive

materials and are supported by other relevant publications in the IAEA Safety Standards Series. This

* Spent or disused sealed sources are not considered waste in some States; however, the safe management of
such sources entails meeting the requirements for radioactive waste, and as such they will be considered in this
Safety Requirements publication.



publication supersedes IAEA Safety Standards Series No. WS-G-2.7 “Management of Waste from the

Use of Radioactive Material in Medicine, Industry, Agriculture, Research and Education”.

OBJECTIVE

1.14. The objective of this Safety Guide is to provide guidance on how to meet requirements
established in Refs. [3, 4, 6] on the safe management of radioactive waste arising from the use of
radioactive materials in medicine, industry, agriculture, research and education.”. The guidance is

intended for organizations generating and managing radioactive waste, organizations handling such

waste on a centralized basis and regulatory bodies responsible for re ing such activities. The

document focuses on moderate sized facilities, like in medicine, 1 ry and research, but can be

applied to facilities with small inventories using a graded approa

SCOPE
1.15. This Safety Guide is applicable to all activities ted with the
use of radioactive materials including disused sealed radioa urces (DSRS). The Safety Guide is

facilities, for example, hospitals

and Security of Radioac Sources (2004); IAEA RS-G-1.10 “Safety of Radioactive Generators and
Sealed Radioactive Sources,” (2006)

1.17. The predisposal management of radioactive waste may take place in the facilities where they are
originated or in separate, dedicated waste management facilities or within larger facilities operated for
other purposes, such as nuclear power plants or spent fuel reprocessing plants. In this publication, the

term ‘facility’ is used to refer to any of these possibilities.

1.18. This Safety Guide covers the safe management of radioactive waste generated at facilities

involving medical, industrial and research applications and at national and/or regional facilities where



such waste may be collected and managed on behalf of a number of waste generators. This Safety
Guide does not cover the safe predisposal management of radioactive waste generated at nuclear fuel

cycle research and development facilities.

1.19. This Safety Guide is applicable to the management of limited quantities of waste containing
naturally occurring radionuclides from industrial and research activities, (such as the use of uranium in
universities or radium luminizing). The management of larger quantities of such waste from mining

and milling of ores is addressed in another Safety Guide [8].

1.20. Specific guidance on the storage of small amounts of radioactive different stages of its

management is given in this Safety Guide. More detail on this issu rovided in a separate Safety

Guide on storage of radioactive waste [9].

1.21. This Safety Guide provides general guidance o i e waste from the

premises of a generator to a centralized radioactive ility. uirements

the control of effluent discharges into the eny

other documents [6, 12, 19].

1.23. Where decommissic ] of waste, the guidance in this Safety

Guide is relevant. Furt on management of decommissioning waste are

aspects to be considered i respect of these hazards, where this is related to radiation safety. In some
cases these hazards dominate the choice of available waste management options. Detailed

recommendations regarding non-radiological hazards are beyond the scope of this Safety Guide.

1.26. The management of consumer products, such as ionization chambers, smoke detectors, gaseous
tritium light devices and lightning rods frequently which are used in and on homes and other buildings
and which are exempted from the requirements of the Basic Safety Standards [6] is outside the scope
of this Safety Guide. Guidance on their management is provided in Ref. [36]. However, many States
place restrictions on the available disposal options for certain types of consumer product, in order to

minimize the amount of radionuclides present in the environment and not under proper control, to



encourage recycling or in response to other regulatory controls. If, at the end of their useful lifetimes,
consumer products are collected for disposal as radioactive waste, the guidance provided in this Safety

Guide applies.

1.27. The document captures all types of guidance, much of which is contained in other documents,
and which is applicable to all types of authorized activities. While the goal of having a consolidated
guide for those who pursue predisposal processing of waste is laudable, there should be a note that
clearly indicates that this type of activity should be integrated with all of the activities of a registrant or

licensee. It is not the intent that separate records, management systems, radiation protection, etc. are

used in this one area. All should be integrated in the licensee’s organizati

STRUCTURE

an €xa

N OF HUMAN HEALTH AND THE ENVIRONMENT

RADIOACTIVE WASTE MANAGEMENT

2.1. The safety objective and the fundamental safety principles established in Ref. [2] apply for all
facilities and activities in which radioactive waste is generated or managed, and for the entire lifetime

of facilities, including planning, siting, design, manufacturing, construction, commissioning,

? Generators of radioactive waste, including organizations carrying out decommissioning activities, and the
operators of predisposal radioactive waste management facilities are considered to be engaged in the
management of radioactive waste. In this Safety Requirements publication they are hereinafter referred to as
‘operator(s)’.



operation, shutdown and decommissioning. This includes the associated transport of radioactive

material and the management of radioactive waste.

2.2. The main options for the management of radioactive waste are presented in Section 4. To meet
the safety objective, in considering options for the management of radioactive waste, due
consideration has to be given to the protection of workers, the public (including future generations)

and the environment.

2.3. References [3, 4, 27] require both the regulatory body and the operator to establish a
management system that addresses safety, health, environmental, se quality and economic

requirements in an integrated manner. A key component of such a em in each organization is a

robust safety culture.

GRADED APPROAC

2.6. The regulatory body has to consider a graded approach to the application of the requirements for
the predisposal management of radioactive waste, depending on the hazards, the complexity of
facilities and activities, and the characteristics of the waste, and will have to apply the requirements as

necessary and appropriate. ([3], para. 1.16)

2.7. A graded approach is a process by which the level of analysis, documentation and actions

necessary to comply with the safety requirements are commensurate with the factors below.



2.8. The graded approach should be applied in a way that does not compromise safety and ensures

compliance with all relevant safety requirements and criteria.

2.9. The application of the graded approach in the context of medical, industrial, agricultural,

research and educational facilities should take into account the factors, such as:

(a) Hazards and complexity associated with the facility and operation (processing including

pretreatment, treatment and conditioning, and storage);

(b) Inventory, characteristics (radiological, physical, chemical and biological characteristics) ([26],

Annex II, Table II-1) and criticality;

(c)  Aspect of security (i.e., threat, the nature of the sources, ess of the material for

use in a malicious act).

These aspects would be relevant with each other.

2.10. The application of graded approach in the safety case afety assessment for the predisposal

management of radioactive waste is given i

RADIATION PROTECTION

all of these safety req s are addressed in detail in this Safety Guide.

2.13. In particular, the BSS require radiation protection to be optimized for any persons who are
exposed as a result of activities in the predisposal management of radioactive waste, with due regard
to dose constraints, and the exposures of individuals to be kept within specified dose limits. It is
necessary to restrict the normal exposure of individuals, both workers and members of the public, such
that neither the total effective dose nor the total equivalent dose to relevant organs and tissues, caused
by the possible combination of exposures from authorized practices including waste management dealt
with in this Safety Guide exceeds any relevant dose limit specified in Schedule III of the Basic Safety

Standards [6]. National regulations will prescribe dose limits for the exposure of workers and



members of the public under normal conditions. Internationally accepted values for these limits are
contained in Schedule III of the BSS [6]. In addition to the provision for protection against the
exposures that will arise from normal operations referred to in the preceding paragraphs, provision is
made for protection against potential exposure. Requirements for protection against potential exposure

are also established in the BSS [6].

2.14. In relation to any source within a practice, it is necessary to optimize protection and safety so
that the magnitude of individual doses, the number of persons exposed and the likelihood of exposure
all be kept as low as reasonably achievable, economic and social factors.being taken into account,

within the restriction that the doses to individuals delivered by t ource be subject to dose

constraints [6]. For occupational exposure and public exposure, ts and licensees ensure, as

the public exposure that apply for discharge ¢ ) i ctice. The choice of a value

for a dose constraint should reflect the need to i ative person dose, both now and

(a)

circumstances, with

ized protection and safety measures for the prevailing

>count being taken of the available protection and safety options as well

as the nature, magnitude and likelihood of exposures; and

(b) establish, on the basis of the results of the optimization, criteria for the restriction of
the magnitudes of exposures and their probabilities by means of measures to prevent

accidents and/or to mitigate their consequences.

2.17. The optimization of protection and safety measures for any particular source or facility

considered in this Guide should be approached from a systematic point of view. This would balance



safety considerations over the whole practice, not simply within an individual activity and must cover
the overall operation including waste management. It should be demonstrated that individual doses

would remain below established constraints. Dose constraints should have regulatory approval.

2.18. In establishing constraints, the regulatory body should ensure that:

(a) radiation protection of any persons who are exposed as a result of activities in predisposal
management of radioactive waste need to be optimized, with due regard to dose constrains, and with

the exposure of individuals kept within specified dose limits [6];

mulative effects of releases

(b)

from all such activities does not exceed the relevant effective do any representative person

such dose constrains will be established so as to ensure, that t

accidents and

2.22. A radiation p ion programme should be in place that adequately ensures radiation safety and

control of the access to areas where radioactive waste is managed [6].

2.23. All the necessary provisions should be in place to keep the exposures below established limits
and as low as reasonable achievable, economic and social factors taken into account [6] and to the
extent the complexity of the operational activity warrants following the recommendations of

appropriate Safety Guides in respect of operational radiation protection [6, 21-23].

2.24. Appropriate radiation monitoring of the areas where waste is managed should be carried out and

radiation dosimetry should be provided to the workers who could be occupationally exposed to

10



radiation whilst managing radioactive waste. Material to be removed from controlled areas should be

adequately monitored and recorded [6].

ENVIRONMENTAL CONCERNS

2.25. The principal approaches to the predisposal management of radioactive waste are commonly
termed ‘delay and decay’, ‘concentrate and contain’ and ‘dilute and disperse’. ‘Delay and decay’
involves holding the waste in storage until the desired reduction in activity has occurred through

radioactive decay of the radionuclides contained in the waste. ‘Concentrate and contain’ means

reduction of volume and confinement of the radionuclide content b s of a treatment and

conditioning process to prevent or substantially reduce dispersion.in the environment. ‘Dilute and
disperse’ means discharging approved amounts of readily sol dispersible radioactive
materials to the environment in such a way that environm conditions rocesses ensure that
the environment

the concentrations and sequestering of the radionuclides-are reduced to such leve

therefore processed, as necessary, in such a i ced and held in a storage

facility or a disposal facility.

environmental impacts that could reasonably be expected being taken into consideration [2, 6].

Environmental monitoring

2.29. Environmental monitoring should be a condition for authorization [6] for any large waste
management facility, but smaller, less complex facilities may not need to perform environmental
monitoring. The need for monitoring should be closely linked to the possibility of significant radiation
doses to the general public being received [24]. However, a limited amount of monitoring may
sometimes be adequate for public assurance purposes. The scope and extension of a monitoring

programme, when it will be needed, will be established during the authorization process.
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2.30. Environmental monitoring programmes, if mandated, should be established in accordance with
the potential risks posed by the waste management facility and the environmental characteristics of the
surrounding area. The programme should involve the collection of environmental samples (for
example from groundwater, air, dust) and measurement of radiation and contamination levels. When
environmental monitoring is indicated, pre-operational monitoring should be carried out to establish
the local background level of radiation and concentration of radionuclides in environmental materials,

which can vary from location to location [24].

Control of airborne and liquid discharges to the environment

2.31. Safe radioactive waste management includes keeping the se from the various waste

organizations manag amounts of radioactive waste the regulatory body could conduct the

assessment and set generic discharge limitations which become regulatory requirements. Alternatively,
the regulatory system can provide for users or operators assistance when they are conducting their own
assessments to show that resulting doses would be acceptable in individual situations. However, this
needs a much greater level of technical support by the regulator and may not be warranted in many

situations.

2.34. The user or operator should demonstrate compliance with the regulatory requirements for
discharge limitation by means of monitoring of releases and by monitoring in the environment [6, 19,
24]. The procedures and measurement techniques for such monitoring should be approved by the

regulatory body. Records of the results of such monitoring should be kept. Other means of
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demonstrating compliance, such as estimation of discharges by calculation may be sufficient in some

cases, if approved by the regulatory body.
Removal of regulatory control from materials

2.35. The Basic Safety Standards [6] provide that “The regulatory body shall approve which sources,
including materials and objects, within notified or authorized practices may be cleared from further
regulatory control, using as the basis for such approval the criteria for clearance specified in Schedule

I or any clearance levels specified by the regulatory body on the basis of such criteria. By means of

this approval the regulatory body shall ensure that sources that have bee d do not again become

subject to the requirements for notification, registration or licensi nless it so specifies.” Such

namely that the effective dose expected to be incurred ember of the public for such low

probability scenarios does not exceed 1 mSy in a year.”...

2.36. The waste generator or operator sho in place to demonstrate
compliance with regulatory requirements in resp erials from regulatory control.
Additionally, there should b on release of any other hazardous
(e.g. infectious, biolog y radiation markings on materials from which
regulatory control has bee ainers should be removed or covered.

appropriate, any residu dioactive waste should be properly managed, removed and transferred to

an authorized storage or disposal facility. The facilities and sites should be decontaminated to levels as

required by the regulatory body. Further requirements and guidance are provided in Ref. [13, 14, 37].
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3. RESPONSIBILITIES ASSOCIATED WITH THE PREDISPOSAL MANAGEMENT OF
RADIOACTIVE WASTE

GENERAL

3.1. Management of all radioactive waste should take place within an appropriate national legal
framework that clearly assigns responsibilities and that provides for effective regulatory control of
activities generating waste and within any facility where such waste is managed. Internationally
endorsed requirements on the allocation of such responsibilities, in particular those of the regulatory

body, are established in IAEA Safety Standards [4, 6]. However, s esponsibilities of the

various parties involved that are specific to the predisposal ma t of radioactive waste are

34. Itis possible e predisposal management of radioactive waste will involve the transfer of

radioactive waste from one operator to another, or that radioactive waste may even be processed in
another State. In such situations, continuity of responsibility for safety is necessary throughout the
predisposal process. In the event of the transfer of radioactive waste beyond national boundaries,
article 27.1 of the Joint Convention on the Safety of Spent Fuel Management and on the Safety of
Radioactive Waste Management applies to Contracting Parties to the Joint Convention [25], and
compliance with this article is considered good practice for all States. This article concerns the need
for the prior notification and consent of the State of destination; the need for adequate technical and

administrative capacity in the State of destination and the need to subject transboundary movement

through transit States to the relevant international obligations.
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3.5. The aim of predisposal radioactive waste management should be to minimize waste generation
and to produce a waste form that conforms to the requirements for subsequent handling, processing,
transport and storage, or meets the acceptance requirements for disposal. The management option
selected may also result in a waste or material that is suitable for return to a manufacturer or supplier
of radioactive material, to be recycled or discharged as liquids or gases to the environment under

regulatory authorization [3, 6, 19], or removed as discrete entities from regulatory control.

NATIONAL POLICY AND STRATEGY ON PREDISPOSAL MANAGEMENT OF
RADIOACTIVE WASTE

Requirement 1 (GSR Part 5, Ref. [4]): Legal and regulatory frame

shall also be provided beyond national borders as app iate and necessary for neighbouring

States that may be affected.

for the management of radioactive waste. The management of radioactive waste should be undertaken
within an appropriate national legal and regulatory framework that provides for a clear allocation of
responsibilities, and that ensures the effective regulatory control of the facilities and activities
concerned [2, 4]. The policy and strategy, as well as the legal framework, should cover all types and
volumes of radioactive waste generated in the State, all waste processing and storage facilities located
in the State, and waste imported or exported from it, with due account taken of the interdependences
between the various stages of radioactive waste management, the time periods involved and the

options available.
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3.7. The legal framework should also establish measures to ensure compliance with other relevant

international legal instruments.

3.8.  Where nuclear, environmental, industrial safety and occupational health aspects are separately
regulated the regulatory framework should recognize that the overall safety is affected by the
interdependences between radiological, industrial, chemical and toxic hazards and ensure that the

regulatory framework identifies this and delivers effective control.

3.9. The legal framework should ensure that the construction, adjacent to a facility site, of

installations that could prejudice the safety of the facility is required to b itored and controlled by

means of planning requirements or other legal instruments.

process, in particular with respect to inte

between operating organizations.

3.11. The extent to which on-si

the options available in

on, chemical adjustment); treatment; conditioning;

aste minimization, segregation, basic characterization and

radionuclides might be dealt with locally at the site where it is generated and waste with long-lived
radionuclides, as it could be the case with the majority of the disused sealed radioactive sources, at a

national and/or regional facility.

3.13. The government is responsible for establishing a regulatory body independent from the owners
of the radioactive waste or the operating organizations managing the radioactive waste, with adequate
authority, power, staffing and financial resources to discharge its assigned responsibilities (GSR Parts

1 and 5) [2, 4].
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3.14. Responsibility for safety should be ensured by means of a system of authorization by the
regulatory body. For transboundary transfers between States, authorizations from the respective

national regulatory bodies are required (GSR Parts 1 and 5) [2, 4].

3.15. Interdependences exist between the various steps in the management of radioactive waste. The
national and regulatory framework should incorporate clear definitions of the content and

responsibilities for the management of the interdependences.

3.16. A mechanism for providing adequate financial resources should be established to cover any

future costs, in particular, the costs associated with the storage of radioa aste, decommissioning

of both the predisposal waste management facilities and the storage ies and also the costs of long

of view. It should take due account of social and economic developments.
RESPONSIBILITIES OF THE REGULATORY BODY
Requirement 3: Responsibilities of the regulatory body

The regulatory body shall establish the requirements for the development of radioactive waste
management facilities and activities and shall set out procedures for meeting the requirements

for the various stages of the licensing process. The regulatory body shall review and assess the
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safety case’ and the environmental impact assessment for radioactive waste management
facilities and activities, as prepared by the operator both prior to authorization and periodically
during operation. The regulatory body shall provide for the issuing, amending, suspension or
revoking of licences, subject to any necessary conditions. The regulatory body shall carry out
activities to verify that the operator meets these conditions. Enforcement actions shall be taken
as necessary by the regulatory body in the event of deviations from, or non-compliance with,

requirements and conditions [3].

3.21. General requirements for the protection of human health and the environment are usually stated

in national policy and set out in legislation. The regulatory body has establish regulatory

requirements for radiation protection and safety of the radiation as well as specific to the

(d) Establishes & definition and/or classification of radioactive waste [26];

(e)  Establishes criteria for the clearance of material from regulatory control, in accordance with the

national policy [6];

(f)  Establishes and clarifies to the operator the processes used to evaluate safety and to review

applications;

* The safety case is a collection of arguments and evidence in support of the safety of a facility or activity. The
safety case will normally include the findings of a safety assessment, and will typically include information
(including supporting evidence and reasoning) on the robustness and reliability of the safety assessment and the
assumptions made therein [1].
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(g) Provides licence application requirements to applicants for licences;

(h)  Ensures that no activities generating radioactive waste commence without provision for proper

management of the radioactive waste and that adequate and suitable storage capacity is available;

(1)  Documents the procedures that apply to the mechanisms for compliance verification and

enforcement;

(j)  Establishes a mechanism by means of which information on incidents significant to safety is

disseminated to interested parties;

(k)  Enters into agreement, where appropriate, with other gov tal bodies responsible for

regulation in related fields to delineate areas of responsibility or

() Ensures that standards and criteria relating to th iliti s and operations
for radioactive waste management are established, i i i rt, storage
and disposal. These should address acceptance of waste p i i isting and planned

facilities;

(m) Establishes safety standards for the ioni including conditions on the

end points of decommissioning;

(n)  Establishes standards the removal of materials from regulated facilities or activities and to

(q9) Ensures that due consideration is given to non-radiological hazards throughout the whole

predisposal management of radioactive waste.

3.23. The regulatory body will require the user or operator to submit safety documentation in support
of an application for a license or other type of authorization involving the management of radioactive
waste. The safety case will include a safety assessment report commensurate with the complexity of

the facility.

3.24. The regulatory body carries out activities that are necessary to verify that requirements for

safety and environmental protection are being met by the operator. These activities are supported by
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an effective management system, including the establishment and maintenance of a strong safety

culture [4, 27].

3.25. To fulfil its regulatory functions, where appropriate, the regulatory body should undertake
research, acquire independent assessment capabilities and participate in activities for international

cooperation.
RESPONSIBILITIES OF THE OPERATORS (INCLUDING THE WASTE PRODUCER)

Requirement 4: Responsibilities of the operator

Operators shall be responsible for the safety of predisposa ctive waste management

facilities or activities®. The operator shall carry out safety a shall develop a safety
case, and shall ensure that the necessary activi iti ign, construction,
commissioning, operation, shutdown and decommi

oning are carried out pliance with

legal and regulatory requirements [3].

3.26. Operators of facilities handling, using or processing ioactive materials have the primary
responsibility for the safe management o associated radioa waste [3]. Ideally this should

available; it

include disposal but where disposal facilitie Id involve safe long term

storage. Adherence to the following guidance, d be given by the regulatory body,

operator should carry out commissioning tests approved by the regulatory body, in order to

demonstrate compliance with the design and safety standards.

3.29. At the outset of planning for operations, operators should prepare outline plans for eventual

decommissioning activities [13, 14].

> The Basic Safety Standards (BSS) [6] establish general and specific requirements for the allocation of
responsibilities for the protection of people against exposure to ionizing radiation and for the safety of radiation
sources.
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3.30. Depending on the complexity of the operations and the magnitude of the hazards associated
with the facility or the activities concerned, the operator has to ensure an adequate level of protection

and safety by various means [3]. This should include:

(a) Ensure that the necessary activities for siting, design, construction, commissioning, operation,

shutdown and decommissioning are carried out in compliance with legal and regulatory requirements;

(b) Demonstration of safety by means of the safety case and safety assessment, and for an existing

facility or activity by means of periodic safety reviews (it should cover all phases of the projected

operation, including decommissioning);

(c) Demonstration of environmental protection by means o ment, when required, of

environmental impacts;

(d) Establishment of a radioactive waste manage aste under the

1 by providing appropriate collection, segregation,

nt, conditioning, storage and disposal arrangements including

(M)

Preparation and implementation of appropriate operating procedures, including monitoring;

(G)  Application of good engineering practice and to maintain an awareness of waste management

practice and ensure feedback of relevant operating experience;

(k)  Ensuring adequate human resources and that the staff is trained, qualified and competent, and,

where applicable, licensed by the regulatory body throughout the life cycle of the facility;
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() Ensuring that there are no unavoidable delays in processing waste and transferring to the next
step as soon as practicable, use relevant international experience to ensure operations are as safe as

practicable;

(m) Establishment and implementation of a management system [27] that ensures safety, security of
all authorized activities and regulatory compliance. This system includes clear delineation of
responsibilities, operating procedures, and specifications for record retention and make provision for

routine and non-routine reports that are required by the regulatory authority;

(n) Maintenance of records and reports as required by the regulatory including those records

and reports necessary to guarantee the accountability for and bility of radioactive waste

throughout the different processes of radioactive waste manage

tolerant;
(s) Development of an emergency preparedness and response plan;

(t)  Consideration of non-radiological hazards and conventional health and safety issues; and

(u)  Provide such other information on radioactive waste management activities and facilities as

required by the regulatory body.

3.31. The operator may use cost-benefit arguments to justify its proposed program, as long as safety

limits are respected.
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3.32. The operator should handle, process or store, waste in an approved manner using its own
facilities or may transfer the waste to the operator of an authorized waste management facility. The
operator should ensure that radioactive waste is transferred only in accordance with waste acceptance
criteria established by the radioactive waste management facility and that waste consignments are

accompanied by the necessary waste inventory information.

3.33. The waste should be transported in accordance with the IAEA Regulations for the Safe
Transport of Radioactive Material [10].

3.34. The operator also has full responsibility to ensure that the ackages comply with
acceptance requirements for any long term storage or disposal or wit uirements approved or set by

the regulatory body.

3.35. Sufficient financial and human resources should available by and operators to

Where appropriate, the vork associated with the aforementioned
responsibilitie h ; ator is required to retain overall responsibility and

control.

3.38. Th mplementing measures to ensure an appropriate level of

security.

3.39. According to perator is responsible for applying management systems to all steps and

elements of the predisposal management of radioactive waste. The operator is required to establish a
demonstrated commitment to safety on the part of senior management and to promote a strong safety

culture [27, 28, 34].

3.40. According to [3] the operator is responsible for establishing and implementing the overall
strategy (waste management programme) for the management of the waste that it generates, and for
providing the required financial securities, taking into account interdependences among all steps in
waste management, the available options and the national radioactive waste management policy and

strategy [3].
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3.41. According to [3] the operator is responsible to provide information about changes of ownership

of waste or about changes in the relationship between owner and licensee to the regulatory body [3].

3.42. Each operator should appoint an appropriately qualified person with overall responsibility for
day to day control over management of radioactive waste. The person may also be the radiation
protection officer, depending on the size and complexity of the organization. The appointed person
should be given the specific responsibility of advising the management and implementation of all
matters relating to the safe management of radioactive waste. Appropriate authority and resources

should be provided to him/her in order to ensure that the operator’s obligations as specified in this

subchapter are carried out. This person may have among others the foll

(a) make and maintain contact with all relevant persons invo

an authoritative point of advice and guidance;

(b) liaise as needed with the Radiation Protecti i ipactive waste

management organizations;

(c) establish and maintain a detailed te i all stages of radioactive waste

(d)

(e)  ensure that on-site

procedures;

radioactive waste mane t and transport of radioactive waste;
()  ensure appropriate shielding, labelling, and integrity of waste packages;

(j)  ensure that any discharge of effluents is made below the limits authorized by the regulatory

body and kept as low as reasonably achievable;

(k)  ensure that solid waste disposed of in a municipal landfill is in accordance with clearance levels

established by the regulatory body;

() report on incidents, accidents and inappropriate waste management practices to the licensees’

management; and,
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(m) maintain an up-to-date knowledge and records of the characteristics of discharge and disposal

options.

Emergency preparedness

3.43. The operator should establish and maintain emergency preparedness and response plans
commensurate with the hazards associated with the radioactive waste facilities and activities, and
should report incidents significant to safety in a timely manner to the regulatory body and other

interested parties, as appropriate [20].

3.44. The emergency plan should include, as a minimum, traini f staff to be competent to

recognize and react to an accident or emergency, assignment ibilities of various parties
involved and appropriate arrangements and equipment to ensure f emergency workers.
Requirements and further guidance in relation to emerg onse are given in

Ref. [20, 21].
INTEGRATED APPROACH TO SAFETY

Requirement 5: Requirements in respect rity measures

Measures shall be implemented to ensure a pproach to safety and security in the

predisposal management ¢ ioactive waste

Requirement 21 (GSI : counting for and control of nuclear material

facility.

3.45. Physical se ments at facilities where radioactive waste is generated or managed

should be in place to that radioactive waste is not accidentally or deliberately removed from
their proper location without authorization. Particular attention should be given to materials or
equipment of intrinsic value or that could pose a serious threat to human health or the environment if

control were lost

3.46. The operator should assess and manage the interfaces between nuclear security, safety and
nuclear material accountancy and control activities in a manner to ensure that they do not adversely

affect each other and that, to the degree possible, they are mutually supportive.
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3.47. Where security measures are necessary to prevent the unauthorized access of individuals and
the unauthorized removal of radioactive material, both safety and security are to be approached in an

integrated manner [2, 3].

3.48. When material is required to be accessed for waste management or safeguard purposes this
should take account of requirements for radiation protection, and waste management as well as nuclear

security considerations.

3.49. The level of security is required to be commensurate with the level of radiological hazard and

the nature of the waste [29].

3.50. For facilities subject to agreements on nuclear material ac the design and operation

of predisposal radioactive waste management facilities the ing for and control of
nuclear material will be implemented in such a way so a; ety of the facility

and vice versa [30-32].
INTERDEPENDENCES
Requirement 6: Interdependences

Interdependences among all steps in the predis radioactive waste, as well as

the impact of the anticipated disposal option, shall be appropriately taken into account [3].

3.51. Interdepende all steps in

anagement of radioactive waste, from the

generation of the waste up

within authori i : he latory control and the control of discharge. In

requirements are
radioactive waste.

or anticipated acceptance requirements for disposal.

3.52. Thus it is important to highlight that the interdependences should be taken into consideration
such to ensure that an integrated approach to safety is adopted; and that safety (within a waste
management framework that also takes into consideration as far as reasonable achievable waste

minimization via adoption of the waste management hierarchy) is optimized.

3.53. The following aspects in particular should be considered:
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(a) The identification of interfaces and the definition of the responsibilities of the various

organizations involved at these interfaces;

(b)  The establishment of acceptance criteria, where necessary, and the confirmation of conformance

with the acceptance criteria by means of verification tests or the examination of records.

3.54. Site and facility waste management programmes should identify all relevant interdependences
and include arrangements to ensure that they are appropriately considered from the point of generation

to the point of disposal. For example, the waste acceptance requirements for disposal should be known

and appropriately considered when the waste is generated, recognizing the point of generation

the controls and information associated with the waste will be ed with the next stage of

4. ACTIVE WASTE

GENERAL

4.1. Various factor: ing t amount of radioactive waste, occupational and

similar situation wou ¢ if radioactive waste were to be stored over long periods of time for

reasons of safety or for other reasons. In both cases consideration has to be given to whether, for the
purposes of safety, the radioactive waste will be stored in a raw, a treated or a conditioned form. For
example, in the case of disused sealed radioactive sources, preference is given to the conditioning
option with the possibility of later retrieving the source for disposal. The anticipated needs for any

future steps in radioactive waste management should be taken into account as far as are possible in

making decisions on the processing of the waste.

43. Predisposal management of radioactive waste includes a number of processing activities which

cover pretreatment, treatment, and conditioning. It also includes various storage and handling
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operations and transport to a centralized waste management facility and/or to a disposal facility. The
management of lesser quantities of waste can be performed at the site of its generation (such as

hospital, laboratory, research centre) and/or at a centralized waste management facility.

RADIOACTIVE WASTE MANAGEMENT AND CONTROL INCLUDING MINIMIZATION

Requirement 8: Radioactive waste generation and control

All radioactive waste shall be identified and controlled. Radioactive waste arisings shall be kept

to the minimum practicable [3].

44. The regulatory body should require the operator to submit, f the authorization process,

the facility, and by the control of materials and the s ion of the processes, equipment and

procedures used throughout the operation‘a he facility. The control measures

4.5. Careful planning is af iti struction, commissioning, operation,

is an important step in waste management and controlling potential risk.
The implications of imizing the generation of waste should be assessed as part of the safety

assessment and safety case.

4.7. For reasons of safety, unnecessary materials should not be taken into radiologically controlled
areas. This reduces the potential generation of radioactive waste, and the spread of radioactive

contamination and minimizes waste volumes.

4.8. Another essential aspect of waste minimization is to use the minimum quantity of radioactive
material consistent with achieving the objective of the application. Controlling and optimizing the

procurement of radioactive materials should be considered.
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4.9. Wherever possible, when purchasing sealed radioactive sources, contractual arrangements
should allow the return of sources to the manufacturer or pre-determined waste manager following
use. This is particularly important for high activity sources from which regulatory control cannot be

removed until after many years of decay storage or for sources containing long lived radionuclides.

4.10. The reuse and recycling of materials is applied to keep the generation of radioactive waste to

the minimum practicable, provided that protection objectives are met.

4.11. Reuse and/or recycling of radioactive materials should be considered as an alternative to

disposal if circumstances permit. The safety of reuse and/or recyclin Id be assessed before

operations are started and, where risks may arise outside the aut ed undertaking, the required

approvals from the regulatory body should be obtained. Recycli an involve the following

activities:

(a) reuse of sealed radioactive sources by the i iate legal

provisions;

(b)  recycling of sealed radioactive source

(¢)  decontamination and/or reuse of materia i ive clothing; and

(d) recycling and reuse o eri he iti removal of control from materials

some appropri essi y long period of storage, together with reuse and

recycling n reducing the amount of radioactive waste that needs further

4.13. The operator, in order to keep the generation of radioactive waste to the minimum and in

addition to the above mentioned recommendations, should adopt provisions such as:

(a)  Careful control of the collecting, segregating, packaging and handling of radioactive materials;

(b) Adopting good segregation practices, including clearance of materials, at point of waste

generation,

(c) Efficient operation of collecting and processing systems for gaseous and liquid radioactive

waste;
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(d) Taking precautions to avoid the contamination of materials, equipment and building surfaces in

order to reduce the need of decontamination;

(e) Restrictions on taking packaging and other unnecessary material into the controlled area;

(f) Planning and performing periodical surface monitoring and maintenance work with due care

and with particular emphasis on precautions to avoid the spread of contamination;

(g) Creating and maintaining proper record system that would allow the periodical assessment of

the effectiveness of measures adopted to minimize radioactive wastes generation. The system should

include the definition of measurable indicators to assess the effectiveness of the applied system.

4.16. Characterizatior be used for different purposes, such as identifying the potential hazards

associated with the particular types of waste, designation of waste to decay, particular processing,
storage or disposal option and planning and designing waste management facilities. Reference [35]
provides advice on waste characterization. The data from the characterization processes should be

recorded and a record should be maintained for an appropriate period of time.

4.17. Classification enables selection of the most appropriate waste management option and is often
considerably influenced by radioactive half-life. Waste containing radionuclides with short radioactive
half-lives which can be managed by safe storage until decay to insignificant levels should be

segregated with priority. In this context due consideration should be given to impurities with long
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radioactive half-lives, which are not always detectable during the original characterization of short
lived waste. The most common classification is that made from the perspective of its future disposal

[26].

4.18. Radioactive waste generated from use of radioactive materials can generally be categorized for
operational purposes into the following main groups: solid waste, liquid waste and gaseous waste. The
waste in the groups may consist of waste with radionuclides which are differentiated by activity
(alpha, beta—gamma and neutron emitters), half-life, and by the physical, mechanical chemical and

biological properties of the waste matrix.

4.19. To ensure that waste will be handled effectively when being ferred between operators, the

management, the operator should take into account in t ation scheme

the acceptance criteria and/or requirements established

occur in the handling age, transport and disposal of waste [3].

4.21. The regulatory body should establish requirements and criteria pertaining to the safety of all

processes and operations encompassed in the predisposal management of radioactive waste.

4.22. Processing of radioactive waste can involve a number of operations that change the
characteristics of the waste and involve pretreatment, treatment and conditioning steps. Processing
may be necessary for safety, technical or financial reasons. From a safety perspective, processing is
necessary to eliminate or reduce associated hazards (for example radiological, physical, chemical, and
biological). Waste should only be processed after its precise characterization. Processed waste should

also be characterized, in order to supply the required data for the subsequent waste management steps.
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The methods for processing should be selected on the basis of the waste characteristics and the

established national policy and strategy for radioactive waste management.

4.23. The main purpose of processing radioactive waste is to enhance safety by producing a waste
form, packaged or unpackaged, that fulfils the acceptance criteria for safe processing, transport,
storage and disposal of the waste. Waste has to be rendered into a safe and passive form for storage or
disposal as soon as possible [3]. Radioactive waste has to be processed in such a way that the resulting

waste form can be safely stored and retrieved from the storage facilities up until its ultimate disposal

or clearance (in case of decay storage). Waste packages have to be designed and produced so that the

4.27. The generation econdary radioactive waste should always be taken into account when
selecting a processing method. Consideration has to be given to the consequences of dealing with any
secondary waste (both radioactive and non-radioactive) that is generated in processing [3]. The
implications of secondary waste arising should be taken into account in the safety and environmental
impact assessment. This is of particular concern with operations such as decontamination, sawing and
cutting, shredding and crushing of solid waste for volume reduction purposes. The processing of
radioactive waste can yield effluent that is suitable for authorized discharge or material that is suitable

for authorized use or clearance from regulatory control.
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4.28. In selecting the method for processing radioactive waste, due consideration should be given to
the exposure of workers, both in normal operation and due to potential incidents and accidents posed

by each processing method.

4.29. The regulatory body should be aware that other regulatory organizations e.g. those responsible
for transport, may be involved in the transfer of radioactive waste to a subsequent management step.
Timely liaison with these organizations should be considered in order to avoid unnecessary delays and

duplication of process.

Pretreatment

4.30. Pretreatment of radioactive waste is the initial step in it ent carried out following

programme.

4.31. Generally, the S f rent types of radioactive waste should be

¢ acceptance requirements of a radioactive waste

aste_segregation is to minimize the volume, cost, complexity

Particular attention should be given to the segregation of higher activity waste particularly during
decommissioning. This facilitates recycling within the process or disposal as non-radioactive waste
when the quantities of radionuclides present in the waste are sufficiently low to enable it to be

removed (cleared) from a regulated facility or activity.

4.32. The containers used during collection and segregation of radioactive waste should be physically
and chemically compatible with the waste and provide adequate containment of the material and
provide protection to the workers from any chemical, biological, physical or other hazards (such as

injury from contaminated sharp objects). Materials used should be mechanically robust and where

33



appropriate, such as for biological radioactive waste, use should be made of double wrapping or a

suitable outer container.

4.33. Containers for solid wastes should be lined with a durable plastic bag that can be sealed (tied
with plastic adhesive tape, heat-sealed with a radio-frequency welder). Sharps should be collected
separately and stored in rigid, puncture-resistant containers (preferably metal) that have been clearly
labelled ‘sharps’. Damp solid waste and liquid waste should be collected in suitable containers
according to the chemical and radiological characteristics, volume of the waste, handling and storage

requirements. Normally double packaging is used.

4.34. Disused sealed radioactive sources should be kept in their ding. When the shielding is

contaminated, it should be decontaminated or overpackage he further dispersal of

contamination.

4.35. The containers should be appropriately ide

removed before reuse. The fc in ed for each waste container:

(b)
(©
(d)

(©)

(f)  surface dose rate.and date of measurement;
(g) quantity (weight or volume); and
(h)  responsible person.

4.36. Segregation of radioactive waste should be performed taking into consideration primarily:

(a) activity and radionuclides present;
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(b) half-life of radionuclides present: short lived radionuclides (for example half-lives not
exceeding 100 days) suitable for decay storage or long lived radionuclides (for example half-lives

exceeding 30 years);
(¢) physical and chemical form of the waste, such as:

- combustible, non-combustible, compressible, non-compressible, aqueous, organic,

homogeneous, non-homogeneous (contain sludge or suspended solids) etc.

- non-radiological hazards (toxic, pathogenic, infectio genotoxic, biological,

pharmaceutical or mixed properties);
(d) further processing, storage or disposal activities.

4.37. Decontamination should be carried out only if it is ensured that the follow pects have been

evaluated:

(2)

the presence of a removable layer;

Treatment

4.39. Treatment of ive waste includes those operations intended to provide for safety

technical and financial considerations by changing the characteristics of the radioactive waste. The
basic treatment concepts applicable are volume reduction, removal of radionuclides and change of

composition.
Solid radioactive waste

4.40. A variety of options exist for the treatment of solid waste (see Appendix III). In general they
are not applicable to disused sealed radioactive sources, with the exception of conditioning. Potential

options for the treatment of solid waste and major safety considerations are listed below:
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(a) Compaction should be carried out only if it is ensured that:

- there is no waste that could damage the waste package;

- hazardous (such as infectious) waste is excluded (or disinfected) to avoid release (such as

of micro-organisms);

— pressurized containers are excluded to avoid uncontrolled releases of gas or

contamination;

- liquids are excluded to avoid leakage from the package duri
- disused sealed sources are excluded to avoid high ri ination and exposure;
- loose, active powders are excluded to avoid risks of contamination;
— chemically reactive materials are excluded i rolled reactions
if it is ensured th

(b) Incineration should be carried out on

- there are not disused sealed radio es which ar uded to avoid high risks of

contamination;

pressurized o avoid uncontrolled gas and/or contamination

releases;

arc exclud

active dust control is applied, particularly from ash handling; and

— treatment and control of the generated exhaust gases is in place and gaseous effluents are

discharged within the authorized limits.

Liquid radioactive waste

441. A range of options exists for the treatment of liquid radioactive waste. Selection of the
optimum treatment process for liquids depends on safety, technical and financial considerations. The

treatment of liquids also depends on the kind of liquid (aqueous or organic), the content of solid
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particles, pH, content of salts, acids, and the possibility of their removal. The treatment process should
be carried out in accordance with criteria derived from the national policy and strategy as well as the
safety case and supporting safety assessment, and should be implemented through formally approved

operating instructions. Adequate safety monitoring should also be provided.

442. Liquid radioactive waste streams should be segregated if they vary greatly in chemical or
radionuclide content. For instance, solutions of different chemical properties should be stored

separately if immediate discharge is not possible. Uncontrolled chemical reactions which may produce

heat, aerosols or precipitates should be prevented. An example is the need to segregate acidic solutions

voided unless there is a specific

ential hazards of the waste streams

e active precipitate. For the evaporation process, the following should
be considered: the generation of secondary waste; the integrity of the evaporator (in terms of corrosion
resistance); the pote ¢ risk if volatile organic materials are present; the containment of
radioactive spray as well as the subsequent conditioning of active concentrates. When using ion
exchange process consideration should be given to the generation of secondary waste needing
specialized conditioning; the reactivity of the resins with strong oxidants (such as strong nitric acid);
the radiolytic degradation of resins; and the spent resin produced that needs specialized conditioning.
The use of ultrafiltration necessitates consideration of the leakage from high pressure systems possibly
leading to inadvertent dispersal of liquid waste and the subsequent need for conditioning active solids

or sludges.

446. For organic waste, incineration (with the exception of low flash point or volatile toxic

materials), immobilization and absorption processes may be applied. When incineration is used,
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consideration should be given, as a minimum, to the possible environmental implications of
discharging both gaseous and particulate matter and both the radioactive and non-radioactive
components. Similarly, consideration should be given to minimizing the generation of airborne
radioactive material inside the facility, in which the waste is generated, particularly in handling ash, as
well as subsequent management of contaminated ash. In relation to the immobilization and absorption

processes, long term stability of the final waste form should be evaluated.

4.47. Concentrates arising from the treatment of liquid radioactive waste (secondary waste) should be

immobilized to produce a stable, solid waste form. Waste forms should be produced to be in

accordance with criteria, established at the basis of the safety assessme take into account the

requirements for transportation, storage and eventual disposal.

Airborne discharges

ological nature should be managed by taking into consideration the
associated radiolog radiological hazards (biological and/or infectious; physical, chemical
flammable and/or exp > hazards). For infectious biological waste from medical applications,
pretreatment should beundertaken to eliminate all infectious agents before the waste is stored and/or

disposed of. A flow diagram illustrating the management of biological waste is given in Appendix IV.

4.51. Practices for radioactive waste management are not usually appropriate or sufficient to control
biological hazards. At the same time biological radioactive waste cannot always be treated using the
same methods as non-radiological biological waste. A number of options do exist for the processing of
biological radioactive waste involving steam sterilization, chemical disinfection, dry heat treatment

and sterilization by irradiation. Thermal processes such as incineration, steam autoclaving, microwave
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processing and dry heat are used primarily to destroy organics and micro-organisms present in the

waste. Chemical processes are used to decontaminate biological waste by disinfection.
Conditioning of radioactive waste

4.52. Conditioning of radioactive waste involves those operations that convert the processed waste
into a form which is suitable for handling, transportation, storage and disposal. In selecting a
conditioning process, depending on the type of waste and the national policy and strategy, the licensee

should consider the following aspects:

(a)  Whether safety would be improved from the use of a matrix ma

(b)  Compatibility of the radioactive waste with the selected a waste container; and

processes;
(c)  The minimization of the generation of second

(d)  The result of the conditioning process should be co ¢ with next step of management or

the endpoint for the waste (e.g. long-term

durability; and eachability, as well as control over the complexing agents and organic

compounds. The opera ay include immobilization of the waste in a matrix. The operator should
ensure that the waste packages are designed and produced so that radionuclides are confined under
both normal conditions and accident conditions that may occur during handling, storage, transport and
disposal. The relevant acceptance requirements and criteria should be approved by the regulatory

body.

4.55. Consideration should be given in the safety assessment and safety case to the materials to be
conditioned and the relevant acceptance requirements and/or criteria for storage and disposal of the

waste. The latter should be authorized by the regulatory body. Ref. [37] provides technical guidelines
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for the development of waste package specifications that comply with acceptance requirements for

storage and disposal of radioactive waste.

4.56. In making the assessment, it is useful to view the radioactive waste package as consisting of
two principal components, that is, the waste form and the container. The nature of the waste form in
the container has a significant effect on the properties of the overall waste package and can influence

the performance of the package with respect to the relevant acceptance criteria.

4.57. The operator should ensure that each waste package is provided with a durable label carrying

the identification number and relevant information and that a proper rec each waste package is

kept as part of the management system. All records should be secure red, easily accessible and be

able to be retrieved over an extended period. Information sh as a minimum for each

individual package:

(a) origin of waste;
(b) identification number of the package;
(¢) type and design details of the package
(d)  weight of package;

(e) external size and/o

® ¢ dex) and date of measurement;
(8) s of'su 0 i ent and date of measurement;

(h)

(i)

W)

(k) presence of potential pathogenic, chemicals, asbestos, organic matters, and other materials of

potential hazards

4.58. .The operator should ensure that each waste conditioned package can be transported in
accordance with national regulations and in compliance with the IAEA Transport Regulations [10,

11]."

4.59. Since the waste packages may be stored for a long time prior to disposal, quality control of the

conditioning process and produced wastes packages is a key aspect to be considered by the operator.
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As part of the management system of the operator, measures for quality assurance and control should
be implemented to the packaging of waste to ensure compliance with the waste acceptance
requirements for the selected or anticipated disposal option. The quality control should include, but is

not limited to:

(a)  the definition of quality standards applying to waste packages;

(b)  an unambiguous definition of quality indicators for the conditioning processes as well as for the

final packages. The quality indicators should demonstrate that the packages meet specified

requirements and acceptance criteria;
(c) the development of a testing program to verify the perform
(d) appropriate record keeping; and

(e) making available technical support for radi i i ments and

procedures.
Discharge or release of radioactive mater

4.60. Operator should ensure that radioactive n

discharged to the environment unless:

(a)  Such discharge i ¢ in the license and is carried out in a controlled
manner according to the e authorization issued by the regulatory body

methods; or

(a)  determined the characteristics and activity of the material to be discharged, and the potential

points and method of discharge;

(b)  determined the potential environment impact from the proposed discharges by use of an

appropriate pre-operational study. The study should include:

- all significant exposure pathways by which dischargeable radionuclides can deliver

public exposure;

- assessment of doses to the representative person; and
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- consideration of the non-radiological hazards;

(c)  optimized radiation protection measures.

4.62. The operator should propose discharge levels based on an assessment of the radiological
impacts of such discharges using appropriate modelling. Expected doses to the most highly exposed
individuals should be estimated. It may be necessary to conduct a survey of life-style of the members
of the public to establish the members of the public, who would be highly exposed as a result of the

discharges (representative person) [6].

4.63. As part of the discharge control the operator should establish and document technical

procedures to carry out discharge operations, as well as defi involvement of individual

responsibility.

of the representza

(d) maintain an appropriate management system for the activities related to effluent or

environmental monitoring; and

(e) report discharges to the regulatory body at intervals as may be specified in the license; and,

promptly when any discharges will exceed the authorized limits.

4.68. The operator should review operating experience of discharges and, in agreement with the

regulatory body, adjust their discharge control measures to ensure optimization of discharges.
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Clearance and its control

4.69. In an application for authorization, the operator should declare its intention to clear materials

from the regulatory framework during the operational phase.

4.70. In regard to clearance and its control, the operator should adopt provisions to ensure that:

(a)  The clearance of radioactive waste complies with clearance levels established by the regulatory

body.

(b) A formal mechanism is in place, including rigorous contr res, to demonstrate

compliance with regulatory requirements in respect of clearance.

(c) Deliberate dilution of material, other than the dilution rmal operations will

not be carried out.

(d)  Any radiation markings will be removed from

longer apply.

471. Information on material which has be § trol need to be recorded,

exceeding clearance le

[6,12].

seneral requirements and recommendations on this regard are provided in

4.74. Whenever the activity concentrations exceed the clearance levels and the removal from
regulatory control appears to be the optimum option for the management of radioactive materials, the

operator may consider seeking regulatory approval.

Disused sealed radioactive sources

4.75. Sealed radioactive sources have a wide range of activities depending on their original intended

use: from a few megabecquerels calibration sources up to many terabecquerels for medical teletherapy
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sources. Whilst disused sealed radioactive sources may be a small fraction in terms of the volume of
the radioactive waste generated by a particular operator, they may dominate in terms of the activity
content of the radioactive waste generated. It is essential to note that, although the radiation output of
teletherapy and other large disused sealed radioactive sources may have fallen below useful levels for
their initial purposes, the potential for radiation induced injury from such sources remains substantial.
It should be noted that Cs-137 teletherapy sources may contain caesium compounds of a dispersible

form and can represent a very significant hazard should their primary containment be breached.

4.76. Operator should review their radioactive source inventory at least annually to identify any

sources that are not in routine use and have become disused. Disused sourcesshould be included on
the inventory of radioactive waste. The operator has the resp to meet any regulatory
requirements for reporting disused sources. Once the radioacti e become disused, the
operator should ensure the maintenance of continuity of ¢ i eriodically review

the status of control of such sources.

4.77. The following aspects should be considered in r ent of disused

sealed radioactive sources (see also Appendix V):

(a)  the further authorized use of the disused sea adioacti another licensed operator;

(b)  return of the source to the supplier;

temporary stora 1 shieldi decay (for example for radionuclides with half-

(©

4.78. The most susta option for managing disused sealed sources is further use by another
organization. If that is.not possible, the preferred management option for disused sealed radioactive
sources is the return of the source to its supplier. Unfortunately this option is not always available for
many old (legacy) sources, as the original supplier may not be known, or no longer exists. For spent
and disused sealed sources with short half-lives (for example, half-life not exceeding 100 days) and of
high activity (for example, '*’Ir sources as used in medical applications and in gamma radiography),

secure storage for decay may be the preferred option.

479. All disused sealed radioactive sources should be conditioned, unless the half-life of

radionuclides contained in them is short enough to enable removal from regulatory control in a
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reasonably short period (for example two to three years). Long lived sources are generally conditioned
in centralized radioactive waste management facilities by means of encapsulation in welded steel
capsules to facilitate future management. Conditioning methods should be approved by the regulatory

body (according to the national policy for radioactive waste management if it exists).

4.80. In instances where operators do not have facilities or expertise for conditioning of spent and
disused sealed sources by encapsulation or adequate storage facilities, arrangements should be made to
transfer the sources to another licensed organization with proper and adequate facilities (centralized

conditioning or storage facility). Centralized facilities should be established for the safe long term

storage of disused sealed radioactive sources containing Ra-226, nd other long lived

radionuclides.

4.81. The management of disused sealed radioactive sourc ally serious hazards
Sealed sources should not be subjected to compact . As a general
principle, the overriding need for safety means tha from their
primary containers, nor should the container be physical ified. Peri onents of large

e) should be removed, monitored

such as conditioning ch the operator is neither qualified nor licensed. While not strictly a

responsibility of the regulatory body, it could be helpful if the Regulatory body gives consideration to
the assignment and authorization of an appropriate organization, which is better equipped to safely

conduct the necessary management operations.

Orphan sources

4.84. There have been many cases of sealed sources being acquired for specific purposes (such as
industrial process control) and of subsequently being lost because the operating organization ceases
operation and control over the sources has been lost. Many portable radiography devices contain

valuable heavy metals and become attractive for scrap purposes. These are some of the reasons for
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disused sealed radioactive sources becoming lost from regulatory control. In order to address the issue
of these ‘orphan’ sources countries should establish and implement an appropriate national strategy.
An example of a strategy for identification and location of these types of sources is presented in

Annex II.

4.85. In all cases the strategy should ensure that whenever an orphan source has been identified,
appropriate recovery measures are taken (36). These should include identification of the responsible
organizations and funding within the country to recover, handle, condition, store and if necessary

dispose of the source as a radioactive waste according to the national policy and strategy for

radioactive waste management.

Generation of radioactive waste from accidents or incidents

4.86. Loss or unauthorized use of radioactive materia can give rise to

accidents resulting in radiation exposure to workers, land, and

exposure of members of the general public. This can le tal generation

of radioactive waste. Users and operators should take ropriate measures to ensure that

appropriate technical and organizational 1 are in place, ing the necessary contingency

arrangements for the processing and storage o h accidentally ted radioactive waste.

On-site handling

4.87. Handling of radioa ite i es all transfer (movement) operations from the
source of generation to t disposal location. This may include physical

handling, proces : ding loading and unloading of packages from

(c)  with appropriate labelling of the radioactive waste package and vehicles; and

(d) in accordance with the site radiation protection programme, physical protection procedures, safe

transport and emergency planning, as well as the standards established by the national legislation.

4.88. A survey for non-fixed surface radioactive contamination should be conducted before the
package is handled. This serves to protect workers handling the package, helps prevent accidental
spread of contamination, and provides an independent check of the record keeping system. In addition,

a maximum allowable radiation dose rate at the surface of each radioactive waste package, or at a
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specified distance from the surface, should also have been defined as part of the package acceptance

requirements for storage.

4.89. The unexpected presence of radioactive contamination on a radioactive waste package may be
an indication that the package itself or one nearby has been breached or physically damaged.
Preplanned and documented procedures should be available and followed in such an event. As a
minimum, the area around the suspect packages should be confined, the person responsible for waste
safety should be notified, and procedures implemented to identify the source of contamination and to
ensure that it is contained. The simplest means of containing the source of contamination is, if

possible, to place it in a secondary overpack container.

Off-site transport

4.90. Transport of radioactive waste should be carried tional regulations

and in compliance with the IAEA Transport Regulati

491. Prior to transport of radioactive waste packages fro es on which they are generated, the

necessary confirmation should be obtained:that the waste will cepted at its intended destination.

The operator of the facility to which the wa

the safety related information and formal docu

4.92. Information to be waste should include as a minimum for each

individual package:
(a)
(b)
(©)
(d)
(e) external size and olume of the package;

() maximum dose rate at contact and at 1 m (transport index) and date of measurement;
(g) results of surface contamination measurements and date of measurement;

(h) radionuclide content and activity content;

(i) fissile material content (such as *’Pu—Be sealed sources), if applicable;

(G)  physical nature;
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(k)  origin of waste;

() presence of potential pathogenic, chemical, and other types of hazards;
(m) total number of drums or containers in the consignment; and

(n) total weight of the consignment.

4.93. All documentation corresponding to a waste package should be verified by a designated person
prior to transportation, in order to ensure compliance with the waste acceptance requirements and any

national transport regulation in addition to the IAEA Regulations for th nsport of Radioactive

Material [10].

4.94. In the case of sealed sources, shielding is usually an iginal storage and/or
transport package. The dimensions and type of shieldi ionuclides to be
shipped. If possible, the original manufacturer’s pa e disused
sealed radioactive sources. However, consideration sho design of the

ulations and whether the package

4.95. Within the con adioactive waste management, storage refers to the temporary placement
of radioactive waste in‘a facility where appropriate isolation and monitoring are provided. Storage
takes place between and within the basic steps in the predisposal management of radioactive waste.
Storage is used to facilitate the subsequent step in radioactive waste management; to act as a buffer
between and within waste management steps; to await the decay of radionuclides prior to clearance or
authorized discharge; or to hold waste generated in emergency situations pending decisions on its

future management.

4.96. Prior to generating radioactive waste that may require subsequent management the operator

should ensure the availability of an appropriate storage facility within his own organization, or in
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another authorized facility. The operator should follow the agreed national policy and strategy;
whenever he has to define which type of waste have to be stored for authorized discharge, authorized

use or clearance or for processing and/or disposal at a later time.

4.97. The operator should have arrangements in place to verify if the waste, collected or received in
the storage facility under its responsibility meets the acceptance criteria approved by the regulatory
body in the safety case for this facility. In defining criteria for acceptance of waste packages in a
storage facility, the operator should take account of the known or likely requirements for subsequent

disposal of the radioactive waste. In case the waste or sources to be stored do not meet the acceptance

transfer.

4.98. Provision should be made for the regular monitoring i tenance of the waste
and the storage facility to ensure their continued integ agement of the
radioactive waste package. Due account need to be and, to the

extent possible, passive safety features need to be applied. For long term storage in particular,

measures should be taken to prevent the d ontainment.

with the Fundamental rinciples (Principle 7) [2] when it is proposed to store radioactive waste

for a long period of ti
4.103. Storage of radioactive waste may be necessary:

(a) for decay, prior to the removal of regulatory control;
(b)  prior to pretreatment, treatment and conditioning; or

(c)  prior to disposal or transfer to another authorized facility.
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4.104. Radioactive waste should be stored in a manner that ensures isolation, protection of the
workers, the public and the environment, and enables subsequent movement handling, transport or
disposal. Full traceability of the waste packages by means of record keeping and adequate labelling

should be maintained during storage.

4.105. The safety of storage arrangements should be ensured for any radioactive waste management
activity. On-site storage may be used to allow decay to levels where control may be removed from the
materials. Storage may be necessary for operational reasons (such as for unconditioned radioactive
waste prior to subsequent conditioning or off-site transfer). In general, on-site storage period should be

kept as short as practicable to ensure the long term safety of the waste. rticularly so when the

waste is to be transferred to a central storage facility for radioacti e and when optimal longer

packages.

4.106. In considering arrangements for th

made of:
(a)  the type and characteristics of the radioac
(b) the original integri

(c) the closure and/o

conditions;
(d) 0 i d possibility of further extension;
(e) ith handling, storage and physical protection criteria;

() need and type

g e.g. airborne radioactive substances in the storage facility; and

(g) possibility of identification of potential damage to waste packages and facilitating of respective

corrective measures.

4.107. If according to the National Policy and Strategy radioactive waste is to be stored in a
centralized storage facility®, the operator should adopt provisions to ensure the prompt transfer of

above waste and disused sources to that facility.

% A centralized facility is a facility in which radioactive waste originating from many generators is managed.
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4.108. Detailed guidance on design and operation of small storage facilities for radioactive waste is

provided in Ref. [9].

Storage prior to discharge or removal of regulatory control

4.109. Storage for decay is particularly important for the clearance of radioactive waste containing
short lived radionuclides. As was mentioned before, clearance is the removal of radioactive material
from regulatory control provided that the radionuclide concentrations are below radionuclide specific

clearance levels. Many radionuclides in use, particularly in research and medical applications have

half-lives ranging from a few hours to a few months.

4.110. The decay storage period should be long enough to redu ial activity to levels lower

containing *"Tc (half-life about 6 h), ma ay and subsequent discharge.

Nevertheless, waste with longer half-lives A g lecay to insignificant levels

aste, contaminated with short lived radionuclides,

concentration, should be collected and stored safely for

rigorous administrative control measures. Activity should be carefully measured and waste should be
segregated, both at the point of generation and at the end of the decay storage period. Representative
measurements should be carried out or samples taken and analysed prior to removal of each batch
from control. In taking samples, consideration should be given to the protection of workers against

radiological and non-radiological risks.

4.113. There should be rigorous control measures for the storage of radioactive waste for decay and its
subsequent removal from regulatory control. The activity concentration of the waste should be
carefully determined and such waste designated for decay should be segregated from other waste,

from the point of generation up to the end of the decay storage period and its disposal. Representative
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measurements should be carried out on samples taken and analysed prior to the removal of each batch
from control. In taking samples, workers should be protected against both radiological and non-

radiological hazards.

4.114. While storage for decay is also the preferred option for biohazardous radioactive waste and for
other perishable waste such as animal carcasses, such wastes should be segregated and stored in a
freezer or refrigerator cabinet for decay storage. Decayed biohazardous radioactive waste should not
be disposed of in a landfill site unless specific approval has been obtained from the regulatory body.
Incineration of such waste is usually the preferred option; further guidance should be sought from the

relevant competent body concerning the conditions under which such w afely be incinerated.

processing.
ould be provided and the storage

d radioactive waste may present

pspecifically constructed facilities

(f)  tracking of the current status of waste and availability of supporting documentation.

Storage of radioactive waste prior to disposal

4.117. Treated and conditioned radioactive waste should be stored separately from unconditioned
waste, inactive raw materials and maintenance materials. The packages should be stored for example
in bins, racks, pallets or skids for efficiency. Storage locations should be planned so as to minimize

handling and transport.
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4.118. Conditioned radioactive waste should be stored in a safe and physically secure manner after

processing, and prior to transfer to a disposal facility.

4.119. The storage proposals should be considered in the safety and environmental impact assessment
to demonstrate the acceptability of the proposed design and operational arrangements. The safety
objectives during storage should ensure that stored waste will remain adequately contained, that
radiation from the stored waste is adequately shielded and that the stored packages will not degrade

and give rise to future problems in handling and disposal.

4.120. In some cases, an central storage or disposal facility is not yet in Although the need for

radiotherapy and other medical, industrial and research activities co s, ultimate disposition of the

[9].

define in the safety case its own waste acceptance criteria bearing in mind the criteria established for
other steps within the waste management process. Waste acceptance criteria and/or requirements
should be developed that specify the radiological, mechanical, physical, chemical and biological
characteristics of waste packages and unpackaged waste that are to be processed, stored or disposed
of; for example, their radionuclide content or activity limits, their heat output and the properties of the
waste form and packaging. Each criterion established by the operator of a facility should be submitted

to the regulatory body for review, assessment and approval as part of the safety case.

4.124. Adherence to the waste acceptance criteria and/or requirements is necessary for the safe

handling and storage of waste packages and unpackaged waste during normal operation, for safety
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during possible accident conditions and for the long term safety of the subsequent disposal of the
waste. The operator should ensure that an appropriate control system is established to provide
confidence that the waste under its responsibility meets the applicable acceptance criteria and/or

requirements.

4.125. The operator ensures that radioactive waste to be transferred to other installations or waste
management steps meets the waste acceptance criteria established by the operator of the subsequent

step.

4.126. The operators’ procedures for the reception of waste have to provisions for safely

managing waste that fails to meet the acceptance criteria; for exam y taking remedial actions or

by returning the waste in compliance with transport regulations..

and should make them available to users. The

requirements that address:
(a)  the extent of was
(b) % in the total radioactive waste volume);
(o) i al, radiological, biological stability of the waste form;
(d)
(e)
(f)  the extent to which the waste should be of non-pyrophoric, explosive or reactive;
(g) the possibility of generation of toxic gases; and

(h) the limitation of heat generation.

4.129. The operator of the disposal facility should also clearly identify the documentation to be
provided by the waste supplier, as well as the relevant waste package records. Waste packages should
be inspected on an appropriate manner either prior to the shipment to a disposal facility or on receipt at

the disposal facility. Caution should be applied to the receipt of all packages, as they may not be in
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compliance with the agreed specification and associated documentation. Inspection should include

verification of:

(a)  the number of packages and respective identification;
(b)  physical integrity of the package;

(c)  surface contamination levels;

(d) external dose rate of the package; and

(e) completeness of documentation.

4.130. Upon receipt, full confirmation of the content of the e carried out without

compromising the integrity of the package. The informati i (supplier) and the

S.
GENERAL
5.1.  “The results and findings of the safety assessm documented, as appropriate, in the
form of a safety report th ; of the facility or activity and the radiation risks

associated with it. T e j sessments and the analyses that have been carried

main .component of the safety case and involves assessment of a
number of aspects. ental element of the safety assessment is the assessment of the
radiological impac and the environment in terms of both radiation dose and radiation risks.
The other important aspects subject to safety assessment are site and engineering aspects, operational

safety, non-radiological impacts and the management system.

5.3. A specific role of the safety case in aiding decision making about processing options is to
ensure that suitable waste forms are produced. The safety case should provide an integrated
consideration of safety for all waste management steps, and should address both the safety of
operations at the individual facility and the interdependencies with other waste management steps. The
adequacy of waste forms produced should be judged on the basis of waste acceptance criteria for all

subsequent waste management activities, in particular processing, storage, transport and eventual
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disposal of the waste. There are many aspects connected to these decisions, some of which will be

based on quantitative assessments while others will be more qualitative in nature.

54. The safety case is of particular importance and benefits for large predisposal waste
management facilities, such as centralized facilities for the processing and storage of radioactive waste
in States that have a nuclear power programme. For smaller scale facilities, such as storage facilities
for disused sealed sources, the components of the safety case are still relevant; however the level of
detail and the complexity and depth of the safety assessment are required to be commensurate with the
potential hazard Ref. [33]. In addition the actual process of developing the safety case and supporting

e aspects discussed below,

safety assessment will be commensurately less demanding, and several

such as development of the safety case in stages, will be less re or some types and sizes of

and detail warranted for safety cases prepared for smaller fa

APPROACH TO SAFETY

5.5.  Any application for authorization nee case and supporting safety

assessment and environme ation that is supplied should reflect

the requirements of the regulato d be commensurate with the complexity of the

Requirement 13: Preparation of the safety case and supporting safety assessment

The operator shall prepare a safety case and a supporting safety assessment. In the case of a step
by step development, or in the event of modification of the facility or activity, the safety case and

its supporting safety assessment shall be reviewed and updated as necessary [3].

5.7. The safety case has to be prepared by the operator early in the development of a facility as a
basis for the process of regulatory decision making and approval. The safety case has to be
progressively developed and refined as the project proceeds. Such an approach ensures the quality of

the technical programme and the associated decision making. It is the operator’s responsibility to
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compile the safety assessment as part of the safety case in accordance with the requirements of the

regulatory body.

5.8. The safety case provides a framework in which confidence in the technical feasibility and
safety of the facility can be established at each stage of its development. This confidence is developed
and enhanced by means of iterative design studies and safety studies as the project progresses. The
step by step approach provides for the collection, analysis and interpretation of the relevant technical
data, the development of plans for design and operation, and the development of the safety case for

operational safety.

SCOPE OF THE SAFETY CASE AND SUPPORTING SAFETY A

isfy the regulatory requirements.
onstrate the level of protection
provided and shall provide assurance to

met [3].

ty requirements will be

5.9. The regulatory bod

facilities and activities that gi iati ¢<s to conduct an appropriate safety assessment.

external events as well as of events directly involving the sources and associated equipment;

(b)  To determine the expected magnitudes and likelihood of exposures in normal operation and, to

the extent reasonable and practicable, make an assessment of potential exposures; and
(¢)  To assess the adequacy of the provisions for protection and safety.

5.11. The safety case has to address operational safety and all safety aspects of the facility and

activities. The safety case has to include considerations for reducing hazards posed to workers,
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members of the public and the environment during normal operation and in possible accident

conditions [3].

5.12. The design of the facility, the arrangements for operational management and the systems and
processes that are used should be considered and justified in the safety case. This will involve the
identification of waste arising and the establishment of an optimal programme of waste management
to minimize the amount of waste generated and to determine the design basis and operational basis for
the treatment of effluents, the control of discharges and clearance procedures. Its primary aim is to

ensure that the safety objectives and criteria set by the regulatory body are met.

5.13. The safety assessment should include, as appropriate, a syste critical review of:

(a) The operational limits and conditions for the operation of a facility;

(b) The ways in which structures, systems and c onents, including soft nd procedures

relating to protection and safety might fail, singly or or might othe give rise to

exposures, and the consequences of such events;

(c)  The ways in which external factors co

(d) The ways in which operating procedure g otectionsand safety might be erroneous,

and the consequences of such

(a) Factors that could precipitate a substantial release of radioactive material, the measures
available to prevent or to control such a release, and the maximum activity of radioactive material that,

in the event of a major failure of the containment, could be released to the environment;

(b)  Factors that could precipitate a smaller but continuing release of radioactive material, and the

measures available to detect and to prevent or to control such a release;

(c) Factors that could give rise to unintended operation of any radiation generator or a loss of

shielding, and the measures available to detect and to prevent or control such occurrences;
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(d) The extent to which the use of redundant and diverse safety features, which are independent of
each other so that failure of one does not result in failure of any other, is appropriate to restrict the

likelihood and the magnitude of potential exposure.

5.15. The extent and detail of the safety case and the safety assessment should be commensurate with
the complexity of the operations and the magnitude of the hazards associated with the facility and

activities. In relation to waste management the safety case should address the following:

(a)  chemical, physical and radiological properties of the waste to be generated;

(b) radioactive waste management strategy (programme) which i es: description of proposed

radioactive waste management activities relating to waste gene icipated waste quantities,

waste minimization and control), waste processing (pretreat ditioning, storage and

transport), and description of facilities and their associate

(c) safety assessment of the activities and facilities i egrity of the

facility and the associate waste control measures;

(d) ademonstration of compliance with ¢

(e) storage arrangements;

(f)  arrangements for S ontrol from materials, activities and

(h) iS¢ od of discharge and related controls);

(1) i al monitoring programmes and safety assessment proposals;

()  decommissioning s and procedures;

(k) radiation protection programme and evidences of the optimization of radiation protection;

() description of the management system including operational procedures and record keeping;

(m) staff competence and training provisions; and

(n) emergency plan in the event of an accident which involves radioactive waste.

5.16. Safety assessment should demonstrate that the performance objectives of the waste

management facility and the processes used can be satisfied and that the overall system is acceptable

59



for licensing or authorization. The resulting information should include predicted impacts on the
workers, the public and the environment. The quantities and concentrations of radioactive or other
hazardous materials that may be safely discharged from the facility should be determined and
documented. The extent of the safety assessment depends on the propensity for risk (severity of harm
posed by the hazard and the likelihood of harm) to the workforce, public and environment from the
proposed operations. The focus of safety assessment for users or operators managing lesser quantities

of waste should be on demonstrating compliance with regulatory requirements.

5.17. The safety assessment should be independently reviewed under .the relevant management

system.

management system may be fairly straight

interdependences between stages of waste

5.21. The results o

address both radiological and non-radiological risks which may arise under normal and abnormal
conditions, and actions to be taken to reduce these risks to acceptable levels. The arrangements for
such actions, which include reference levels, conditions, practical and administrative procedures,
should form the basis of operational documentation which should be implemented by the user or
operator. Details on the safety assessment process and content of the safety case for predisposal waste

management facilities are given in Ref. [15, 33].
DOCUMENTATION OF THE SAFETY CASE AND SUPPORTING SAFETY ASSESSMENT

Requirement 15: Documentation of the safety case and supporting safety assessment
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The safety case and its supporting safety assessment shall be documented at a level of detail and
to a quality sufficient to demonstrate safety, to support the decision at each stage and to allow
for the independent review and approval of the safety case and safety assessment. The
documentation shall be clearly written and shall include arguments justifying the approaches

taken in the safety case on the basis of information that is traceable [3].

5.22. Justification involves explaining why particular choices were made and stating the arguments
in favour of and against the decisions made, especially those decisions that relate to the main

approaches taken in the safety case.

5.23. Traceability refers to the possibility of following the inform: that is in the documentation

and that has been used in developing the safety case. For t f both justification and
traceability, a well documented record is necessary of the de ns that were made in
the development and operation of the facility, and of th fety assessment

to obtain the set of results. Good traceability is imy

review and for building public confidence.

5.24. Clarity refers to good structure and pre i riate level of detail such as to

allow an understanding of the arguments i i his necessitates that the

shall be reflected he updated version of the safety case for the facility [3].

5.25. The operator must periodically review the safety assessment in order to confirm that any input
assumptions requiring compliance remain adequately controlled within the overall safety management

controls.

5.26. The safety assessment and the management systems within which it is conducted should be
periodically reviewed at predefined intervals in accordance with regulatory requirements. In addition

to such predefined periodic reviews, the safety assessment should be reviewed and updated:

- When there is any significant change that may affect the safety of the facility or activity;
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- When there are significant developments in knowledge and understanding (such as

developments arising from research or operational feedback experience);
- When there is an emerging safety issue owing to a regulatory concern or an incident;

- When there have been significant improvements in assessment techniques such as

computer codes or input data used in the safety analysis.

5.27. If as a result of a safety assessment, or for any other reason, opportunities to improve protection

and safety appear to be available and improvement seems desirable, any consequential modifications

need to be made cautiously and only after favourable assessment of all the implications for protection

and safety. The implementation of all improvements needs t itized so as to optimize

protection and safety.

6. DEVELOPMENT AND OPERATION OF
MANAGEMENT FACILITI

GENERAL

6.1. The development of authorizations anc , iti controls for the predisposal

6.2. It is the responsit

unambiguous manne latory decision making process is based. It is

and management practice. In particular the defence in depth principle,
providing for multiple levels of protection against failures both for technical reasons or human errors

should be adopted. This should include:

(a) multibarrier systems of several physical barriers on the migration pathway of the radionuclides

to the environment;

(b) technical and organizational means for protection of the integrity and efficiency of the barriers;

and
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(c) measures for protection of the public and environment in case of failure of or damage to the

barriers.

6.4. At all stages of the life cycle of radioactive waste management facilities (siting, design,
commissioning, operation, closure, decommissioning) technical and organizational means to apply the

defence in depth principle should be provided with regard to the following three aspects:
(a) measures to prevent deviation from the normal operation;

(b)  measures to prevent accidents and mitigate consequences; and

(c) measures for emergency planning.
LOCATION AND DESIGN OF FACILITIES
Requirement 17: Location and design of facilities

Predisposal radioactive waste management facilities located and designed so as to

ensure safety for the expected operating lifetime under normal and possible accident

conditions, and for their decommissioning

6.5. The features to be incorporated in the de the properties, total inventory

and potential radiological a

be managed and on the

6.6. The need for operatior n >;-testing,sexamination and inspection should be addressed

from the con

providing:

(a) separation o ioactive waste processing systems from the other systems, as well as from

the premises and facili where other potentially hazardous materials are stored;
(b) auxiliary systems, for example for sampling or decontamination;

(c) radiological control at all stages including control over waste receipt, and elements affecting

personnel protection and protection of the working environment;

(d) adequate containment (e.g. fume cupboards, drip trays, sealed and dipped work benches) and

shielding (e.g. lead or concrete blocks);
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(e) for demarcation of the working premises according to their classification (e.g. labels, rope or

other barriers) for area and personnel, as adequate;

(f)  for radiation control (dose rate and surface contamination measurement);

(g) technological control, such as recording of radioactive waste characteristics and control over the

characteristics of the final product (radioactive waste form);

(h) arrangements for the location and layout of the equipment and systems in a way that provides

ease of access for normal operation, maintenance, and control;

(1)  for the safe handling of waste by having appropriate handlin, ent and selecting short and

uncomplicated routes;

(j)  easily decontaminable surfaces;

(k)  adequate drainage and ventilation systems (e.g. a atio ressure differentials and flow

considerations);

() normal and emergency electrical supp

(m) premises for emergency equipment;

preference for maintai working areas free of radioactive waste with long half-lives may mean that

a small separate room should be provided where the waste can be stored in an orderly way. However,
where only very small amounts of radioactive waste are produced over many days of work, a local

store or cabinet close to the workplace may be used.

6.9. In general, containers should be suitable for the safe management of the specific waste, and
selected according to the chemical and radiological characteristics of the waste, the volume, and the
handling and storage specifications. Pressurization of the containers due to the expansion of liquids

and the generation of gases and vapours (mainly when handling organic fluids) should be avoided.
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6.10. The design of storage facilities should allow for regular inspection and monitoring, including
radiation control (dose rate and surface contamination) and visual examination of waste packages in
order to obtain an early indication of any physical deterioration or leakage. The lifetime of the
construction materials should correspond to the envisaged storage period and should ensure that the
storage conditions are such as to maintain the characteristics of the waste packages for the designed
storage period. The design of the storage facility should ensure: the possible future extension of the
storage period and the possible removal of the radioactive waste from the facility for subsequent

processing or disposal.

CONSTRUCTION AND COMMISSIONING OF THE FACILITIES

Requirement 18: Construction and commissioning of the faci

6.13. Upon the comp of commissioning, a final commissioning report is usually produced by
the operator. The report should document the as-built status of the facility, which, in addition to
providing information to facilitate operation, is important when considering possible future
modifications to the facility and its shutdown and decommissioning. The report should describe all the
testing and should provide evidence of the successful completion of testing and of any modifications
made to the facility or to procedures in commissioning. The report should provide assurance that all
the conditions of authorization have been satisfied. This report should be maintained with the operator
as part of the documentation needed for operation and for the development of the decommissioning

plan. The regulatory body should assesse this report to ensure that all conditions and requirements are
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satisfied before agreeing to the operation of the facility. The safety case should be updated, as

necessary, to reflect the as-built status of the facility and the conclusions of the commissioning report.

6.14. A modification of a facility with significant safety implications that requires a revision of the
safety case should be subject to the same regulatory controls and approvals as applicable to the new

facility.
FACILITY OPERATION

Requirement 19: Facility operation

Predisposal radioactive waste management facilities shall b ated in accordance with

6.15. The operator applying for a license to operate any ity for predisposal management of

conception of the facility is

6.17. All facility sp afety related criteria and documented operating procedures required by

the regulatory body should be submitted to the regulatory body for approval. Such procedures may
include a programme of periodic maintenance, testing and inspection of systems that are essential to

safe operation, such as ventilation and sewage systems.

6.18. The operator applying for a license to operate large and/or centralized storage facility should

design and construct a facility which:

(a) has sufficient storage capacity to account for uncertainties in the availability of facilities for
treatment, conditioning and disposal. The design of a facility should take into account the possible

need to process waste arising from incidents or accidents;
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(b) is suitable for the expected period of storage, preferably using passive safety features,
considering the potential degradation and with due consideration of natural site characteristics that

could impact performance as geology, hydrology and climate;

(c) allows waste can be inspected, monitored and preserved in a condition suitable for release or

transport, as appropriate;

(d) ensures appropriate containment of the waste; for example, on the integrity of the facility’s

structures and equipment, as well as the integrity of the waste forms and containers over the expected

duration of storage. Consideration should be given to interactions betw waste, the containers

and their environment (e.g. corrosion processes due to chemical or g ic reactions); and

(e)  makes provision for retrieval of the waste whenever re

SHUTDOWN AND DECOMMISSIONING OF FACI

update it throughout the operational period. ssioni f the facility shall be carried
out on the basis of the fin : issioning pla oved by the regulatory body. In

6.19. The o 5 ssioning is to limit occupational exposures, the

accidents during decommissioning [13, 14].

during decommissioni articular consideration is given to any transfer of responsibility for the

facility that may occur at this stage [13].

6.21. The time periods between updates to the decommissioning plan are dependent on the type of

facility and the operational history and have to be agreed with the regulatory body [3].

6.22. Operators should give consideration to aspects of decommissioning of the facility at every
stage of the facility’s life cycle. This is particularly the case in respect of facility design and any
subsequent modification. Also when decommissioning operations commence it should be ensured that

the necessary administrative and managerial controls will remain in place or will be changed to
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accommodate the new circumstances. In principle, dismantling of processing or storage facilities

should commence only after:

(2)

(b)

radioactive waste and other potentially hazardous materials have been removed;

the systems and components to be dismantled have been decontaminated.

However, acceptable safety cases may be envisaged, where not all waste is removed before

decontamination and dismantling.

6.23. In arrangements for decommissioning, the following stages shou

Stage 1: justification and feasibility study includin, rization of the facility in
order to define the decommissioning goal an it i the removal of all

radioactive material.

Stage 2: source removal, involving remo ed radioactive waste, disused

Stage 3: decontamination, includi f contamination of materials,

items, buildings and areas of the f

on the radiological conditions of the facility and decommissioning

be left to unrestricted use or use with restrictions and/or surveillance

6.24. It should also be borne in mind that there may be a need for extended storage of waste arising

from the decommissioning activities. The decommissioning activities could be combined depending

on the type and scale of the processing or storage facility, the radioactive waste, as well as on the

national strategy and availability of centralized storage and disposal facilities. Further requirements

and guidance is provided in Ref [13, 14].

EXISTING FACILITIES

Requirement 22: Existing facilities
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The safety at existing facilities shall be reviewed to verify compliance with requirements. Safety
related upgrades shall be made by the operator in line with national policies and as required by

the regulatory body [3].

6.25. The operator should cooperate with the regulatory body to establish a reasonable time frame to

take the necessary measures to come into compliance.

6.26. The recommendations given in this publication are intended to apply to all facilities considered

in the scope of this document. Since existing facilities might not be in compliance with all the

requirements [3] and recommendations, decisions need to be taken, in li national policies, with

regard to the safety of these facilities. In such a case a review initia the regulatory body is used

to identify those facilities that are not in compliance with all the i and that need additional

Requirement 7: Management systems

Management systems shall be applied for all st : redisposal management

of radioactive waste [3].

7.1.  To ensure the safe i ve waste management facilities and the fulfilment

of waste acceptance g€l are applied to the siting, design, construction,

processing, ha . Fea that are important to safe operation, and that are

conside ] ¢ identified on the basis of the safety case and the assessment

7.2. Good management is a prerequisite to ensuring the safety of radioactive waste management and
the protection of huma alth and the environment [6]. In the type of activities under consideration in
this Safety Guide, where radioactive waste management may not be one of the higher management
priorities, the application of good management practice should not be overlooked. Management and
demonstration of quality in the waste management programme should be achieved by establishing and
working within a formalized management system programme. The extent of the programme should be
commensurate with the complexity of the activities undertaken, the waste generated and with the

waste management programme.

7.3. Management system should be applied equally by the users, operators of waste management

facilities and the regulatory body.
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7.4. Important elements of the management system include, but are not necessarily limited to:

(a)  definition of management structure and responsibilities;

(b)  development of formal working procedures;

(c) training and qualification of staff;

(d)  design control, performance standards;

(e)  procurement of materials and services;

(f)  document control and records;

(g) inspection, testing and maintenance;

(h)  non-conformance control and corrective actio

(i)  methods of assessment (internal and external auditing

7.5. i ent system that ensures:

(a) i i e waste management and the

(b) a keeping of the documentation relating to the

(c) ] i waste management activities with applicable standards and

(d) i tation of internal procedures, instructions and programmes on

protection and sa

7.6. Management and demonstration of quality is achieved by establishing and working to a
formalized programme with an appropriate related management system approved by the regulatory
body. The management system should be commensurate with the complexity of the activities
undertaken and with the waste management programme. The management system should ensure
compliance of the activities in radioactive waste management with conditions for authorization and

should facilitate the provision of information to the regulatory body.

7.7.  Guidance is given on the detailed components of management system programmes as part of an

overall approach to quality management in Ref. [28, 34].
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7.8.  The user and operator should audit the implementation of the management system programme
in its organization on a regular basis. Whenever deviations are identified, appropriate corrective

actions should be proposed, taken and recorded.

7.9. The auditing should include revision of the quality assurance procedures to remove
unwarranted complex procedures which do not contribute to safety with the confines of the licensed

activity.

RECORD KEEPING AND REPORTING

7.10. A suitable and comprehensive recording system should developed as part of the

management system for radioactive waste management activitie tion on waste inventories

allow for traceability of waste from the poin C i to long term storage and/or
disposal;
7.12. Users and operz ; eeping of data relating to the main radioactive

waste characteristics 1s ade intained and reta

(2)
(b)
(©)
(d)

radiological properties (the activity concentration, the total activity, the radionuclides present

and their relative proportions including date of measurement);
(e) physical and chemical properties;
(f)  categorization in accordance with the categorization scheme for operational purposes

(g) classification in accordance with the national waste classification system;

(h)  thermal properties, when applicable;
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(i)  any chemical, pathogenic or other non-radiological hazard associated with the waste and the

concentration of hazardous material; and

(j)  any special handling necessary owing to criticality concerns, the need for the removal of decay

heat or significantly elevated radiation fields.

7.13. The operator of a facility generating radioactive waste, in order to ensure the proper control

under waste management activities, should maintain records for:

(a)  Generated radioactive waste (date of generation, waste characteristics;etc.);

(b)  Stored radioactive waste (including identification, origin ion, physical and chemical

characteristics);

(c)  Material from which Regulatory control has been removed or that has b ischarged to the

environment (including data related to the pro
(d) Disused sealed radioactive sources returned to supplie
ipactive sources

(¢) Radioactive waste and disused seale d to management waste

facility or another user; and

(®

(a) i led radioactive sources collected or received from generating

(b)
(c)  The data needed aste characterization;

(d)  The records from the control processes for pretreatment, treatment, packaging and conditioning;

(¢) The documents on the procurement of containers required to provide confinement for a certain

period (e.g. in a disposal facility);

(f)  The specifications for waste packages and audit records for individual containers and packages;

(g) Trends in operating performance;
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(h) Non-compliances with the specifications for waste packages and the actions taken to rectify

them; and

(1)  The data of the materials that were cleared or discharged.

(G)  lessons learned from events and incidents

7.15. The operators should provide means and ensure, where necessary, that site plans, engineering
drawings, specifications and process descriptions as well as operating procedures and safety related

operating instructions are maintained. The results from quality control activities as well as operating

activities should also be well documented and recorded.

7.16. The operator should also keep records of information r fety of the predisposal
radioactive predisposal management facility during co , modification or
decommissioning.

7.17. The regulatory body should define the timing, s reports to be
submitted by the operator and reports d iance with safety requirements or

(a)  details of materials from which regulatory _ ved (clearance) or which have

been discharged to the environment;

(b) i i ¢ s returned to suppliers;

(c) i . , including: identification, origin, location, physical

(d)
(e) results of safety a

(f)  effluent and environmental monitoring results;

(g) results of internal audits and other findings by the person responsible for the safety of

radioactive waste management; and

(h)  emergency situations, if any, occurred during processing of the waste, methods adopted for its

handling and lessons learned.
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7.18. If any radioactive waste has been lost, stolen or is missing or effluent has been discharged
above the established limits, the user and operator should promptly inform the regulatory body and

submit a written report on the matter and actions taken.

7.19. When waste is being transferred, associated records need to be available to the operator of the

subsequent step.

7.20. The regulatory body may also require the user or operator to submit on a regular basis a

summary of the status of the waste generation and management.

SAFETY CULTURE

waste management programmes and seek a

concerning safety.
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Appendix I

TYPICAL RADIATION SOURCES USED IN
MEDICINE, INDUSTRY AND RESEARCH AND THE ASSOCIATED
RADIOACTIVE WASTE GENERATED

I.1. Sources of ionizing radiation are produced for a broad range of applications in medicine,
industry, research and other areas. As a result of the initial production of the radioactive materials and
their diversified use, radioactive waste in various forms is generated. In gen is waste is comprised of

radioactive materials which are no longer useful and are therefore re d as waste, items which have

I.4. Radioactive materials are used in medicine for diagnosis, therapy and research including:

(a) invitro radioassay for clinical diagnosis and research using unsealed radionuclides;

(b) in vivo use of radiopharmaceuticals for clinical diagnosis, therapy and medical research using

unsealed radionuclides; and

(c) radiotherapy using sealed sources which are either implanted inside the patient or used in an

external device.
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L5. Commercially available kits containing only kilobecquerel quantities of radionuclides are used
for in vitro radioassay. In many countries, this activity is not controlled by the regulatory body because the
used kits are eligible for exemption. I-125 is the main radionuclide, with each assay usually involving a
very small amount of activity. Following each individual assay and after the expiry date of the kit, the

radioactive material and contaminated items are normally considered as normal waste.

L6. For the main in vivo applications, the particular organ to be studied or treated governs the type
of radiopharmaceutical used and the quantity administered to the patient. Of the radionuclides in use for
imaging work, Tc-99m is the most common, having a radioactive half-life of 6.hours. It is normally eluted

a core of M0-99. Since the

in a sterile environment from a commercially supplied generator containi

half-life of the latter radionuclide is 66 hours, generators need to b ed at approximately weekly

activities ranging from 200 MBq to 11 GBq ; ti therapeutic applications, due
attention should be paid to the radioactive contam aste from patients, such as excreta

and soiled linen.

L.8. Sealed radioact ini radionuclides such as Co-60, Ir-192 and Cs-
137 are used for patient therapy; as te implants, for external beam therapy and for radiation of

blood pro

76



TABLE L1.

TYPICAL UNSEALED RADIOACTIVE

SOURCES USED IN MEDICINE AND

BIOLOGICAL RESEARCH
Typical quantity per e
Radionuclide | Half-life Principal application application Waste characteristics
°H 123 a Radiolabelling Up to 50 GBq Solvents, solid, liquid
Biological research
Organic synthesis
¢ 20.3 min | Positron emission Up to 2 GBq Solid, liquid
Tomography
Lung ventilation studies
c 5730 a Medical diagnosis Less than 1 MBq (Exhaled CO,) Solid,
Biological research Up to 50 GBq liquid
Labelling Up to 50 GBq Solvent
0 122's Positron emission Up to 2 GBq Solid, liquid
tomography
Lung ventilation studies
3 1.8h Positron emission Upto5 olid, liquid
Tomography
*Na 150h Biological research
p 14.3d Therapeutic nuclear
»p 254d medicine
Biological research
*S 87.4d Medical and biological Up to Solid, liquid
research
*Cl 3.01 x 10° | Biological research Gaseous, solid, liquid
a
*Ca Biological research Mainly solid, some
liquid
¢ Solid, liquid
ICr Solid
Mainly liquid effluent
>'Co Solid, liquid effluent
58CO
*Fe Up to 50 MBq Solid, mainly liquid
"Ga Up to 200 MBq Solid, liquid
%®Ga Up to 2 GBq Solid, liquid
7Se Diagnostic nuclear Up to 10 MBq Solid, liquid
medicine
SImgp 13.3s Lung ventilation studies Up to 6 GBq Gaseous
¥Sr 64.8d Biological research Up to 50 MBq Solid, liquid
*Rb 18.7d Medical and biological Up to 50 MBq Solid, liquid
research
) 6.2h Diagnostic nuclear Up to 50 MBq Solid, liquid
medicine
¥Sr 50.5d Therapeutic nuclear Up to 300 MBq Solid, liquid
medicine
Ty 2.7d Diagnostic nuclear Up to 300 MBq Solid, liquid
medicine
Medical and biological
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Typical quantity per

Waste characteristics

Radionuclide | Half-life Principal application application
research
“Nb 350d Medical and biological Up to 50 MBq Solid, liquid
research
PmTe 6.0h Diagnostic nuclear Up to 100 GBq Solid, liquid
medicine
Biological research
Nuclide generators
"n 2.8d Clinical measurements Up to 50 MBq Solid, liquid
Biological research
=1 13.2h Medical and biological Up to 500 MBq Solid, liquid,
research occasionally vapour
| 60.1d Diagnostic nuclear
medicine
BT 8.0d
Therapeutic nuclear
medicine
"sn 155.0d | Medical and biological
research
Pxe 53d Diagnostic nuclear
medicine
¥Sm 1.9d Therapeutic nuclear Solid, Tiquid
medicine
19Ey 9.3d Therapeutic nucle Solid, liquid
medicine
Diagnostic nuclear
medicine
8 Au 2.7d Solid, liquid

Therapeutic nuclear

Solid, liquid

Up to 5 MBq

Solid, liquid
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TABLE 1.2. SEALED RADIOACTIVE SOURCES USED IN MEDICINE, INDUSTRY
RESEARCH
Radionuclide Half-life Application Source activity Comments
= 433.0a Bone densitometry | 1-10 GBq Mobile units
Gd 244.0d 1-40 GBq
15 60.1d 1-10 GBq
Pu—Be 2.41x10%a
¥ Au 2.7d Manual 50-500 MBq Small portable
B7Cs 30.0a brachytherapy 30-300 MBq sources
*0Ra 1600 a 50-500 MBq
2p 143d
%Co 53a 50-1500 MBq
*Sr 29.1a 50-1500 MB
'%pd 17.0a 50-1500
! 60.1d 200150
Py 74.0d
%Ry 1.0l a
BTCs 30.0a Remote after-
Py 74.0d loading
brachytherapy
“Co 53a Teletherapy
P 30.0a
226Ra 1600 a
0Co 53a Whole blood Fixed installations
PICs 30.0a irradi
9Co 53a Fixed installations
PICs 30.0a
60Co 53a Fixed installations
%Ni 100 a Fixed installations
Bcs 30.0a in instruments or
TCo mobile sources
26Ra markers,

“TPm sources as <4 MBq
standards in <4 MBq
uments <4 MBq
Mobile equipment
Up to 5 GBq
Up to 100 GBq
1268, Up to 10 GBq
well logging,
moisture Up to 20 GBq
detectors, Up to 10 GBq
X ray Up to 2 GBq Fixed in equipment
fluorescence Up to 500 GBq
Up to 5 GBq
Up to 10 GBq
Static eliminators Up to 20 GBq Mobile equipment
Electron capture Up to 10 TBq Mobile equipment
detectors Up to 50 GBq
Industrial Upto1TBq Mobile equipment
radiography Upto1TBq
Up to 15 TBq
Up to2TBq
Up to 77?7
Up to 5 TBq

AND
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Research applications

L.9. Research using radionuclides may involve the following:

(@)  Production and labelling of compounds resulting in waste containing megabecquerel activities of
radionuclides, such as H-3, 1-125, C-14 or P-32. The range of radionuclides is normally fairly

restricted and the activity content of the labelled compounds is low.

(b) Study of metabolic, toxicological or environmental pathways associated with a large range of
compounds such as drugs, pesticides, fertilizers and minerals. Work may be related to areas such as

new drug manufacture, crop production and environmental studies. s may also be involved,

resulting in radioactive excreta, carcasses and bedding. The radionuclides most commonly
employed in studying the toxicology of many chemical co their associated metabolic
pathways are C-14 and tritium, as they can be readily i i lex molecules, while

P-33 is quite widely used as tracer in genetics.

Development of clinical processes and i S (such as

equipment. The domi dionuclide is present in a very concentrated form with the total activity

depending on the application and the nature of the emission from the sources. Sealed radioactive sources
are considered to be waste by users when they have decayed to the extent that they are no longer useful
for their original purpose, or because the appliance in which they are housed has become outdated, or

because routine tests have indicated the source to be leaking.

L1I. An example of the industrial use of unsealed radioactive sources as a tracer is the evaluation of
wear and corrosion of key components in plant and machinery, such as the wear of engine components,
furnace linings and metallic surfaces. Other applications involving unsealed sources include monitoring of

sewage treatment works and studying the performance of landfill disposal sites, the movement of
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groundwater, and the dispersion and dilution of cooling water or gaseous effluents. In most cases short
lived radioactive tracers are used. The industrial applications of radioisotope tracer techniques are often of
greater magnitude than those on a laboratory scale. Waste can be generated from radionuclides used in
certain industrial products such as smoke detectors (Am-241), exit signs (H-3), and static eliminators (Po-

210). Attention should be paid for waste generated from these sources particularly in large quantities.

L12. Both sealed and unsealed radioactive sources are also used for teaching students, emergency
planners and civil defines members. All these applications generate waste with activities that are normally

very low.

WASTE TYPES

lid or gaseous. Liquid

waste may be further subdivided into aqueous and organi i ssible and/or non-

L.15. n-the kind of therapeutic and diagnostic nuclear

cases longer lived rad s are used to label microspheres for such studies. While these microspheres

are theoretically solid, they may easily become suspended in the liquid waste. Small animal carcasses may

also be macerated to a liquid form to make them suitable for discharge as aqueous based waste.

L17. Aqueous waste also arises from radiochemical neutron activation analysis. This waste can be
extremely variable in chemical composition but the radionuclides are often relatively short lived. In small
nuclear research centres, liquid waste may be contaminated with both short lived radionuclides and longer
lived radionuclides such as C-14 and tritium. The volume of liquid waste produced by individual users of
radioactive materials is not likely to be large. However, the waste from radiolabelling processes may have
a relatively high activity concentration and should generally be kept separate from lower activity wash

solutions. It is unlikely that alpha emitting radionuclides (other than uranium and thorium compounds) or
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relatively long lived gamma emitters such as Cs-137 and Co-60 will be used.

L.18. Whatever the field of work, contaminated equipment and facilities may need to be cleaned,
decontaminated and/or disinfected, resulting in radioactive aqueous waste which may have associated
biological hazards. This waste may contain large quantities of complexing agents used to solubilize the

radioactive contaminant.

Liquid organic radioactive waste

L.19. Liquid organic radioactive waste typically includes vacuum p oil, lubricating oil and

hydraulic fluids, scintillation solutions from analytical laboratories, s ts from research on solvent

extraction and uranium refining, and miscellaneous organic solve waste of these types arises

other classes.

1.20. Organic scintillation liquids norm nts of low energy beta and gamma
emitters in samples consisting of aromatic orgar e under investigation. The
most common radionuclides contained in the itiu 4, with 1-125 and S-35 less

common.

including tri- and tertia

TBP.

ino-compounds, though the volumes are usually very small in comparison to

Solid radioactive waste

1.23. Most solid waste produced in medical and research laboratories falls into the category of
combustible waste. This group includes tissues, swabs, paper, cardboard, plastics, rubber gloves,

protective clothing and masks, animal carcasses and biological material.

1.24. Non-combustible waste includes glassware, scrap metal, and waste from the decommissioning

of facilities that used radionuclides.
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1.25. It should be noted that these categories are not mutually exclusive. This classification, which
should be employed for solid waste segregation, is based on the degree of volume reduction which may
reasonably be expected by compaction or incineration. The waste generated by medical, industrial,
research and teaching activities is predominantly of a combustible nature and may also be categorized as

compressible, provided that there is no biological hazard.

1.26. The trash component of solid waste includes protective clothing, plastic sheeting and bags,
rubber gloves and mats, shoe covers, wipe rags and towels. Much of this material is only marginally
contaminated. The material possibly exhibits no measurable contamination but is initially classified as

radioactive waste purely because it arose in controlled areas. From thos terials it may be possible to

remove regulatory control and they may be disposed of as ind aste [5]. However, certain

individual trash items may be significantly contaminated, particul i e been directly involved

1.27. Disused sealed radioactive sources may
es up to many terabecquerels for

lly a small fraction of the volume of

materials testing in re actors. Their activities may be expected to be dominated by that of Co-60

and other activated impurities in steel. For cyclotron based production the dominating nuclide would be
Zn-65, produced from copper. Activity is a function of both irradiation and period of decay. Such items

are unlikely to be either combustible or compressible.

1.30. Animal carcasses have activity concentrations varying with animal species and experimental
procedures. Carcasses may present biological and chemical hazards if they are permitted to decompose to
any significant extent prior to disposal. Carcasses contaminated with long lived radionuclides necessitate

particularly careful consideration, especially when incineration is not an available disposal option.

L31. Decommissioning of predisposal waste management facilities may result in solid waste
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comprising construction materials, equipment components and soil. The main features typifying
decommissioning waste are the relatively large size of the waste items and the presence of long lived

radionuclides.

Gaseous or airborne waste

L.32. Gaseous or airborne radioactive waste may be generated from a range of nuclear applications. A
specific medical application involves the use of radioactive gases such as Xe-133 or Kr-81m or
technetium-99m and short lived positron emitters like F-18 and C-11 for the investigation of the

ventilation of the lungs.
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Appendix II

FAULT SCHEDULE FOR SAFETY AND ENVIRONMENTAL IMPACT ASSESSMENT

tsunamis, etc.)

TABLE II.1. FAULT SCHEDULE SETTING OUT A SIMPLIFIED APPROACH TO SAFETY
ASSESSMENT
Process stages Hazard Control measures Mitigated risk Contingency
arrangements
Engineered Administrative
Identify all Identify Provide Provide Provide
stages and hazards for information on information on information on
interfaces in the  each stage of engineered administrative lled) risk  contingency
waste decision- control control measures.
management making for measures. Examples include,
deliberation normal and Examples but are not limited
and decision- abnormal include, but are to: Radiological
making process  conditions not limited to: control ersonal
as related to including protection measures have i
safety, security,  external devices, equipment, power
and potential events (e.g.; containment, account shut off devices,
environmental flood, fire, external but
impacts earthquakes, conditions, supporting safety

electrical quirements arrangements
insulation,
security device

and/or systems
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Appendix III

MANAGEMENT FLOW DIAGRAM FOR SOLID RADIOACTIVE WASTE

| Solid waste generation |é Waste minimization

v

| Characterization |
Storage for decay | Segregation |
No v :
Are clearance Is waste suitable for
e
levels met? clearance?
Yes No
Recycling for Is waste suitable for
restricted use Yes processing? No

restrictions) or
disposal as non- Is the waste Packaging

combustible?

Is the waste N Incineration
compressible/ '
shreddable?

Immobilization of
residues and filters

l

| Packaging |

Vv

| Packaging |

v

Storage/disposal | <———

FIG. IIL 1. Flow diagram illustrating the steps in the management of solid radioactive waste
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Appendix IV

MANAGEMENT FLOW DIAGRAM FOR BIOLOGICAL RADIOACTIVE WASTE

Biological radioactive waste
generation

y

<—r ‘Waste minimisation

Yes
Is the waste infectious? Storage and decay
Deactivated . s /I\NO
Deactivation waste Is waste suitable for ~ Yes  Are the clearance levels
clearance? met?
Secondary waste
Treatment of Y
secondary waste

Yes

Conditioning

Disposal as non-
radioactive waste
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MANAGEMENT FLOW DIAGRAM FOR DISUSED SEALED SOURCES

Is the source No Characterization for potential use
leaking? < Is the source still useable?
Yes No
Conditioning | I8 it possible to return Yes
source to supplier?
No

Appendix V

Disused sealed sources

V.

Characterization regarding disposal

v

[Very short lived

Short lived (T;,<30 a)

\%

Are the clearance
levels met?

No

—

Decay storage

/
Transportation

—an

Management as
non-radioactive
waste

Fig. V.1. Flow diagram illustrating the main steps in the management of disused sealed sources

4

W

nterim

[

ortation

Disposal at near
surface repository

Storage for potential use

a)

v

onditioning

Long term interim storage

Transportation

Disposal at deep
geological repository
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Annex I

EXAMPLES OF DISUSED SEALED RADIOACTIVE SOURCES AND IDENTIFICATION OF TECHNIQUES FOR THEIR
MANAGEMENT

TABLE VLI. EXAMPLES OF COMMON DISUSED SEALED SOURCES AND THE TECHNIQUES AND EQUIPMENT USED FOR THEIR SAFE MANAGEMENT

Categories

Handling equipment

Packaging

Storage container

Sources |  Isotope | Half-life | Applications
0 Low activity
MTAm 432.2a Smoke detectors Lightning rods Static eliminators |Gloves box ODetection |Stainless steel Drum with concrete
20pg 138.38 d Static eliminators internal drum
Z8py 87.74a X ray fluorescence Analy Gloves box Tight container  |Drum with concrete
py 24181 a Smoke detectors Gloves bo Tight container
0000  Low activity Long or short half-life
HAm 4322a Gauges X ray fluorescence Bone densitometry Stainless steel Drum with concrete
analyser
Sy 28.2a Gauges Brachytherapy internal drum
“Tpm 2.6a  Gauges
ONi 100a  Electron capture detectors
19cd 462.6d Xray fluorescence Analy:
Do 53a  Gauges Calibration D00 ODetection |Lead shielded pot |Drum concrete + Pb
B1Cs 30.2a Gauges Calibration Lead shielded pot |Drum concrete + Pb
000  High activity Short half-life
25y 73.8d Gammagraphy OO0 ODetection |Lead shielded pot |Drum with concrete
"Tm 134d  Gammagraphy Stainless steel
basket
¥yp 32d  Gammagraphy
Se 120d  Gammagraphy Tongs
000  High activity Long half-life
OCo 5.3a  Gammagraphy manipulators | [JJ0Detection |Lead container 400 L Drum with concrete
OCo 5.3a  Teletherapy Concrete hot cell manipulators Lead container or concrete container
o 53a Irradiators Concrete hot cell manipulators Specific to be Specific to be defined
defined
B1Cs 30.2a Irradiators Concrete hot cell manipulators Specific to be Specific to be defined
defined
Special
“Ra 1600 a Lightning rods Gloves box Tongs OODetection | Tight container  |Lead shielded container
BKr 10.7a  Gauges Gloves box Tongs Air control
*H 12.3a  Electron capture detectors X ray fluorescen: Gloves box Tongs 3H Control Stainless steal Drum with concrete
Analyser
Neutron
Neutron 2" Am/Be 432.2a Moisture detectors Oil well logging Neutron protection Neutron detector Neutron protection
Neutron »ce 2.65a Moisture detectors Oil well logging Brachytherapy Neutron protection
Neutron 26Ra/Be 1600 a Moisture detectors Oil well logging Neutron protection
Neutron  “**Pu/Be 87.74a Moisture detectors Calibration instrument Neutron protection
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Annex 11

EXAMPLE OF A STRATEGY ON IDENTIFICATION AND
LOCATION OF DISUSED SEALED RADIOACTIVE SOURCES

Identify responsible governmental organization

Organize search team

Training and exercis

I Source and location
unknown

II Known sou:

Information:
— applications
— subsidiary resources

Listing of potential
sources and locati

cterminatio
priorities

Further informatio
specific topics:

— installation plans
— advertisements
— announcements

strategy

h; if unsuccessful,
ocument and reassess

Review and verification
of priorities and selection
of operational target(s)

Sources found

II Source located

Immediate action to render
source safe

Documentation and reporting

Source recovery and waste
management

Fig. VI 1. An example strategy for identification and location of spent and/or disused sealed radioactive

sources
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