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PREFACE

The Atomic Energy Control Board has three levels of Regulatory Documents, graduated in terms of their
rigidity of application.

Level 1: Regulatory Guides

This is the most flexible form of regulatory document, providing advice or guidelines on certain aspects
of the regulatory process.

Level 2: Regulatory Policy Statements - .

These contain firm reduirements and gmdelmes for compliance. However. the AECB may allow
variations, or consider alternative means of attaining the same objectives where a satisfactory case is made.

Level 3: Regulations

These are instuments by which the AECB establishes prohibitons, rights, obligations and powers
pursuant to the Atomic Energy Control Act. Regulations possess the full force of law; they leave little room
for interpretation.

All Regulatory Documents are initially issued in draft form as Consultative Documents, for comments
by the public, special interest groups and those potentially affected by the content such as licensees and
their employees.

Suggestions for new Regulatory Documents and for improvement to those that exist are encouraged and
should be directed to the AECB Office of Public Information, as should requests for technical information
on and interpretation of Regulatory Documents, if a subject matier specialist is not specified in the text.

Copies of Regulatory Documents are available in both English and French from the:

Office of Public Information

Atomic Energy Control Board

280 Slater Street

P.O. Box 1046

Ottawa, Ontario

CANADA KIP 589

Telephone: (613) 995-5894
Facsimile: (613) 992-2915

If you wish to appear on the mailing list for the receipt of Coasultative Documents or Notices
announcing their release, requests can be sent to the same address.

NOTICE

A draft of this Regulatory Document was issued for publnc comment as 4 Coasultative Document (C-99)

on September 3, 1991. On completion of the copunent review and lext yevision process, the content was made effective
on January 1, 1995.

Questions on the content of this document should be directed to:
L. Colligan

Studies and Codification Division

Atomic Energy Coatrol Board

P.O. Box 1046

Ottawa, Ontario

K1P 5589

Fax: {(613) 992-1922
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Reporting Requirements for
Operating Nuclear Power Facilities

A. PURPOSE

This regulatory document consolidates in a single document the requirements for reports that
operating nuclear power faciliies must make to the Atomic Energy Control Board (AECB). Additional

_reporting requirements are imposed on individual licensees through specific licence conditions and

Regulations made under the Afomic Energy Control Act.

B. INTRODUCTION

A licensee who operates a nuclear power facility in Canada shali submit the following reporis on the
facility to the AECB:

a) event reports,

b) quarterly reports,

c) safety report updates,

d) annual radiological environmental monitoring reports,
€) annual research and development reports,

f) periodic inspection reports,

g£) annual reliability reports, and

h) fissionable and fertile substances reports

C. DEFINITIONS
In this document,

“defined specifications™ means the criteria set out in the licensing documents for a special safety system
or a safety-related system that designate the minimum functional capability and performance levels
required for effectiveness; (critéres établis)

“discovery of a safety problem” means the earliest time when the licensee uncovers a situation revealing
a safety problem or decides that specific resources should be allocated to ascertain whether or not a
safety problem exists; (découverte d'un probléme de stireté)

“impairment report”™ means a report of the impairment history of the system for a given time, and
includes, for each impairment, its duration and an assessment of the ability of the system to perform
with respect to the reliability measures in the licensing documents; (rapport de défaillance)

“Operating Policies and Principles” means a document identified as the Operating Policies and Principles
in the licensing documents, that sets out the authorities and responsibilities of managerial and
operating staff, and the principles and guidelines to be followed for safe operation of the facility
systems; (ligne de conduite pour I'exploitation)

“oral report” means information transmitted in a verbal or other form acceptable to the AECB;
(rapport oral)

“potential serious process failure” means an event that could have become a serious process failure, but
did not, due to fortuitous circumstances rather than design provisions or approved procedures;
(défaillance grave possible de syst2me fonctionnel)

“predicted reliability” means the reliability of a system in its nominal state during some future period
and/or, for poised systems, at some future time; {fiabilité prévue)
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“pressure boundary”™ means any pressure-retaining vessel or system component that is subject to
registration or that is registered under the applicable boiler and pressure vessel legislation, whether a
conventional system or a nuclear system; (enveloppe de pression)

“reliability” means the probability that a system in a given state will be able to perform a stated mission
under stated conditions according to its defined specifications for a stated mission time and/or, for
poised systems, when required to do so; (fiabilité)

“safety-related system” means those structures, systems, and components that either are identified as
safety related in the licensing documeants, or whose malfunction or failure could lead directly to
radiation exposure of site personnel or the public, or could directly increase the severity of accidental
releases of radioactive material from the facility; (syse2me relié ala sireté)

“security incident” means:

() an actual, attempted, or threatened act of sabotage,

(b) a failure of the procedures, or a breach or malfunction of the security system that results in a
failure t0 comply with the Physical Security Regulations or the power reactor operating licence, or
(c) an actual or impending civil demonstration at the facility; (atteinte & la sécurité matérizlle)

“serious process failure” means a failure of a process system, component, structure, or an inappropriate
procedure or hutnan action:

(a) that led to a systematic fuel failure or to a significant relea.sé from the facility, or
(b) that could have led to 2 systematic fuel failure or a significant release in the absence of action
by any special safety system; (défaillance grave de syst2me fonctionnel)

“significant release” means a release of radioactive material that arises from an event and that results in a
whole body or committed effective dose in excess of 0.0005 Sv (50 mrem) or a committed or received
thyroid dose of 0.005 Sv (500 mrem) to the most exposed member of the public at or beyond the
exclusion beundary; (rejet important)

“special safety system” means the shutdown system no.1, the shutdown system no. 2, the containment
system, or the emergency core cooling system; (systéme spécial de stireté)

“systematic fuel failure” means that fuel that has no defect prior to an event, fails or exceeds the fuel
integrity criteria defined in the licensing documents as a result of the event; (défaillance systématique
du combustible)

“unacceptable decline in reliability” means that a safety-related system, subsystem or component:

(a) doesmtmeetﬂ\cptedictedmﬁabiﬁtymrgetsmaxaresetmtinﬂnﬁwﬁng documents or
() shows a continued trend of reduced reliability such that those targets will not be met; (baisse
inacceptable de la fiabilité)

“violation of a licence condition™ means a violation of a condition of the reactor operating licence, the
Physical Security Regulations, the Transport Packaging of Radioactive Materials Regulations, ot the
Atomic Energy Control Regulations and, without limiting the generality of the foregoing, includes:

(a) a failure to comply with any document specifically referenced in the operating licence such as
the Operating Policles and Principles or,

(b) an interference with the operation of any safeguards equipment installed by or on behalf of the
International Atomic Energy Agency; (infraction au permis)

“written report” means information transmitted in a written or electronic form acceptable to the AECB;
(rapport écrit}



D. REPORTING REQUIREMENTS
1. Event Reports i
Every licensee who operates a nuclear power réactor shall make event reports 1o the Project Officer or '

to the Director of the Power Reactor divis:on designated by the AECB for the facility involved, at the
times required by subsections 1.2 and 1.3 or, for each event that is described in 1.2(a) and 1.2(b), to the
AECB Duty Officer, if the Project Officer or Director cannot be contacted within the allotied times.
1.1 Reportable Events _ .
An event report shall be submitted for:
(a) a violation of a licence condition;
(b) an emission of radioactive material that is:
(i) in excess of the limits that are specified in the licensing documents, or

(ii) unmonitored where the upper limit of the release cannot be estimated and shown to be
below the limits set out in the licensing documents;

(c) an event that could have caused a reportable dose of ionizing radiation under the Atomic Energy
Control Regulations, but did not, due to fortuitous circumstances rather than to approved
procedures (this is in addition to the requirements set out in the AEC Regulations concerning the
reporting of an occurrence resulting or likely to result in a dose of jonizing radiation in excess of
any dose specified in the AEC Regulations);

(d) a serious process failure;
(e) a potential serious process failure;

(f) an automatic or intentional manual actuation of either shutdown system, or both, from any L ;
power level, except: -
(i) areactor trip that occurs while the unitisina guarmteed shutdown state and where there is
no failure or potential failure of the shutdown guarantee, or
(li) areactor trip that was part of a preplanned sequence;

(g) an event where the reactor is required to be shut down by the conditions of the licence or the
Operating Policies and Principles;

(h) an unplanned actuation or series of actuations of the emergency core ooolmg system or
subsystem;

(1) an unplanned actuation or series of actuations of the containment system or subsystem except

for a spurious actuation of the containment isolation subsystem where there is no actual or potential
significant release;

(J) a degradation of a special safety system or a relevant safety-related system that:
(i) is hazardous to the health and safety of any person, or

(ii) prevents a special safety system or a safety-related system from meeting jts defined
specifications;

(k) a degradation of the pressure boundary that exceeds a limit that is specified m the design
analysis or in the applicable boiler and pressure vessel code, standard or act under which the
pressure boundary was registered and includes:

(i) a pressure boundary deformation, crack, or rupture or a leakage in excess of a limit that is
specified in the Operating Policies and Principles;

(ii) the occurrence of an abnormal loading transient that exceeds:
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(A) a pressure boundary design condition, or

(B) a Service Level B condition, for any nuclear component that is designed in accordance
with the rules of ASME III subsection NB;

(iii) a change to the size, rating or material property of the pressure boundary beyond that
allowed for in the design;

(iv) a repair or modification that changes the strength of a component of the pressure boundary
that did not receive the prior authorization required by CSA Standard N285.0;

(v) areduction of the wall thickness beyond that allowed in the design by the applicable
pressure vessel code, standard or act under which the pressure boundary was registered; and

(vi) degradation of the overpressure protection equipment for the pressure boundary that violates
a limit of the overpressure protection report or any other licensing document;

(1) areduction of the effectiveness of the systems for reactor power control, for the primary

heat transport system pressure and inventory controf or for turbine protection, below the defined
specifications (whether caused by failure, equipment inadequacy, improper procedures, or
inappropriate human action)

(m} an event that results in a loss of heavy water greater than 100 kg (in addition to the reporting

requirements set out in the Atomic Energy Control Regulations for theft or loss of a prescribed
substance);

(n) a security incident at the facility;

(o) an actual, threatened, or impending walkout, work disruption, slowdown, legal or illegal strike
that can affect the safety or security of facility operations or the capability to maintain minimum
staff complements;

(p) adeclaration of an alert or emergency, within or beyond a unit of the facility, where personnel
or resources are mobilized by the licensee in response to an unexpected occurrence of a
radiological condition, chemical spill, fire, or potentially explosive mixiure of gases that creates an
actual hazard to the saf2 operation of the facility or to the safety of the public:

(@) aconcentration of hydrogen and deuterium in any cover gas system in excess of 4% by volume,

(r) the occurrence of an earthquake that exceeds, at the site, the maximum free-field seismic
instrumentation triggering level that is specified by Standard CAN/CSA N289.5 or, where
appropriate instrumentation is not available, the occurrence of an earthquake that is greater than
magnitude 5 on the Richter scale within 500 kilometers of the site;

(s) a failure to perform a test that is required by a licence condition; 'im.‘luding any routine test of a
safety-related system that is required in the licensing documents, except in accordance with
approved procedures;
{t) a failure to monitor or control a release path of radioactive material that is required to be
continuously moritored and controlied except in accordance with approved procedures;, .
(u) the discovery of a safety problem arising from operating experience that reveals a hazard to
radiological health or nuclear safety that is different in nature, greater in probability, or greater in
magnitude than was previously represented to the AECB in the licensing documents and includes:
(i) the discovery that a special safety system does not meet its defined specifications;
(ii) a case where the reactor is found to be operating in a state that was not considered in the safety
analysis, or the occurrence of an event of a type that is not considered in the safety analysis;
(ili) an unexplained and unexpected reactor core behaviour;

(iv) an event where two or more systems or components, that were assumed in the safety
analysis to be mutually independent, are proven to be interdependent;



-5—

(v) the discovery of a mistake in a licensing document that, if relied upon or acted upon, would
increase the risk to radiological health or nuclear safety.

(v) the discovery of a safety problem that arises from research findings or improved methods for

safety analysis, that reveals a hazard to radiological health o1 nuclear safety that is different in
nature, greater in probability, or greater in magmtude than was prcviously represented to the AECB
in the licensing documents and includes:

(i) the discovery that the assumptions, mputs analyueal mcthods or fesults of the safety
analyses may be invalid;

(ii) information that reveals :

(A) that the limits in the Operating Policies and Principles document, or in the appendjces to
the document, are inadequate, or

(B) that the analyses from which the limits were derived may be invalid or uncertain, such
that the minimum margins of safety are less than predicted;

(iii) information that reveals that the defined specifications of a special safety system orof a
safety-related system are invalid and,

(iv) the discovery of a mistake in a llccﬁsing document that, if relied upon or acted upon, would
increase the risk to radiological health or nuclear safety. .
1.2 Oral Event Reports:

For all events referred to in Subsection 1.1, except paragraph 1.1(v), a licensee shatl make an oral
report to the AECB as follows:

(a) as soon as possible, for an emergency as described in paragraph 1.1(p) or for a security
incident, where a hazard to safety or security continues to exist, (i.e. the oral report shall be made
immediately after initiating the required response actions and alerting the required provincial,
municipal authorities or station staff who are respoasible for responding to an event);
{b) within 24 hours:

(i) the loss or theft of a prescribed substance, as described in paragraph 1.1(m),

(i) an actual or potential dose of ionizing radiatlon, as described in paragraph 1.1 (c).

(iii) an emission of radioactive material in excess of the limits, as described in paragraph 1.1(b),

(iv) the occurrence of any scismic event that exceeds the maximum acceleration for the design
vasis earthquake;

(c) by the first business day following the discovery of an event that is described in subsection 1.1
, and that is not referred to in paragraphs (a) and (b).

1.3 Written Event Reports

In addition to the oral event reports required by subsection 1.2, 4 licensee shall make one or more
written reports for each event discussed in subsection 1.1 as follows:

Event Notification Report

For all events referred to Subsection 1.1, a licensee shall make an event report and submit to the
AECB, an Event Notification Report within 15 calendar days after the discovery of the event. The Event
Notification Report shall contain the following information:

(a} the date and time of the event;
(b) the facility and reactor unit(s) affected;

(c) where relevant, identification of the systems, components, functions or personnel that were
affected;

( 1}
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(d) primary applicable paragraph(s) of subsection 1.1, licence condition(s) or regulations .
(e) a brief description of the event and how the event was discovered;

(D if relevant, a description of the condition of the event site and the operating conditions of the
unit(s) including reactor power prior to the event;

(g) a description of the actions taken in immediate response to the event;

(b) a statement of the safety significance of the event, including, if the event is an automatic or
intentional manual actuation of either shutdown system, a statement as to whether the event was a
serious process failure or not; '

(i) if relevant, the resulting doses or dose estimates to the personnel or to-the public;
(j) if applicable, the municipal, provincial and federal authorities that were notified of the event;

(k) if applicable, a statement of whether or not there will be a root cause analysis and/or human
perforthance evaluation done of the event;

(1) a statement whether the Event Notification Report constitutes a Detailed Event Report or nof;
(m) the signature of the designated representative of the licensee.

Detailed Event Report

For all events referred to Subsection 1.1, except paragraph 1.1(v), a licensee shall submit to the AECB
a Detailed Event Report within 45 calendar days after the discovery of the event unless the Event
Notification Report previously forwarded to the AECB contains all the information required for a
Detailed Event Report. '
The Detailed Event Repot shall include the following information:
(n) if relevant, an update of the information submitted in the Eveat Notification Report tc correct
any errors, changes or omissions;
(0) adetailed account of the event that sets out any causes or conssquences, including, where
relevant, those that have been established by an investigative process;
(p) if relevant, an evaluation of the degree of impairment of special safety systems or of a safety-
related system;
(q) if applicable, a statement as to whether a review has been carried out and account has been
tzken of similar related events;

(r) the corrective actions taken or proposed to be taken to prevent a recurrence of the event or to
correct the situation, including, for an event that involves human error, those actions that result
from 2 human performance evaluation process;

(s) the comments and/or recommendations of the facility management, including, if relevant, their
comments on the appropriateness of the actions taken by operating staff ;

(t) a statement whether the Detailed Event Report is believed to be complete or, that an Additional
Report will be made and, if so, the Additional Report number that has been assigned and,

(u) the signature of the designated representative of the licensee.
Additional Report

Where the Detailed Event Report is incomplete due to the unavailability of the relevant information or
due to an ongoing investigation, or due to the discovery of new information, the licensee shall make an
Additonal Report to the AECB as soon as the required information becomes available.

The Additional Report shall contain:
(v) the required information that is missing from the Detailed Event Report;
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(w) ifrclevant, an update of the information in the Detailed Event Report to correct any crrors,
changes or omisslons;
(x) a statement on the disposition of any action and recommendation, in the Detailed Event Report
as per subparagraphs 1.3 (r) and 1.3 (s);
(y) astatement as to whether or not the Additional Report is believed to be complete and all
necessary follow-up actions are taken; and,
(z) the signature of the deslgnated repmmsaﬁve of thc licensee.

2. Quarterly Reports

Every licensee who operates a nuclear power facihty shall make, each calendar year, four quarterly

reports in writing to the AECB. The reports shall be submitted to the Project Officer or staff member
designated by the AECB for the facility involved, at the time that is required by subsection 2.2.

2.1 Contents of Quarteﬂy Reports 7
The quarterly report shall report the following:
(a) a change in station personnel organization and staffing, procedure, cquipment, or fuel that could
invalidate the information in the Safety Report or other documents that are referred to in the
licensing documents;
(b) a list and/or a brief description of the events with repost titles and numbers, of the events
required to be reported under Subsection 1.1 that occurred during the repocting period, except for
any security event referred to in Paragraph 1.1 (n);
(c) alist and/or brief description of the Additional Reports described in 1.3 thaz
(i) were submitted during the quarter with the Detailed Event Report titles and numbers,
(ii) remain to be submitted with the Detailed Event Report titles and numbers;

(d) the results of routine radioactive effluent monitoring, including, for each month of the quarter,
the total activity released and the cooling water flow volume;

(¢) the results of non-routine off-site radiological monitoring that was triggered as a resuilt of any
unplanned emission of radioactive material;

(f) a summary of the results of routine surveys of the radiation fie!d, or surface contamination and the
concentration of airborne radioactive materials that weze taken in various locations within the facility.
This should include the results of any assessment o detect increases of radiation hazard over time;

(2) the dose received by any person that resulted from any event that is described in paragraph 1.1(c),
the collective dose of all workers and dose statistics for different groups of workers;

(h) a summary of emergency exercises and drills that were carried out and a description of any
change that was made to the emergency procedures and once per year, one of the quarterly reports
shall also include the results of the annual review conducted by the licensee, of the off-site
emergency procedures and the arrangements with off-site authorities;

(i) a summary of faults or combination of faults that prevented a special safety system and, where
applicable, 2 safety-related system, from meeting its defined specifications;

() the acquisition and transfer of prescribed substances, including any revisions to the iaventory to
account for radioactive decay. The fourth quarterly report for each calendar year shall also include
the inventory as of the end of the year;

(k) the number of fires that occurred at the facility with an evaluation of their safety significance, and
Q@) the fourth quarterly repost for each calendar year shall also include an annual review report of the
safety-related station performance indicators foc the operational and maintenance programs and
documentation, that are used by the licensce to detect possible problems, backlogs or trends and to
determine the appropriate priority for their resolution (the information may be presented in graphical form).
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2.2 Timing of Quarterly Reports

Each quarierly report shall be submitted within three months of the end of the period covered by the
report, except the fourth quarterly report for the calendar year, which shall be submitted by March 1 of
the next calendar year. ‘

3. Safety Reports

Every licensee who operates a nuclear power reactor stiall make an update of the Safety Report in
writing to the Project Officer or the staff member designated by the AECB.

The update of the Safety Report shall reflect design and procedural changes and new analyses. The
" updated report shall take into consideration any event or occurrence that was reported pursuant to
paragraphs 1.1 (u) and 1.1 (v). If any event or occurrence brings the results of the Safety Report
analyses into question, the analyses shall be repeated using current methods and information, and the
results incorporated into the Safety Report revisions.

The description of the facility in the Safety Report shall be reviewed and updated where necessary,
and submitted no more than every three years from the last update, unless otherwise permitted by the
prior written approvat of the AECB.

The Safety Report analyses for the facility shall be reviewed and updated, where necessary, every
three years from the last update, unless otherwise approved in writing by the AECB, and shall be
submitted by the date specified by the AECB.

4. Radiological Environme}:tal Monitoring Reparts

Every licensee who operates a nuclear powex reactor shall make an annual report of the results of the
off-site radiological environmental monitoring program in writing to the Project Officer or to the stat’f
member designated by the AECB.

The reports shall include an analysis of the results of the off-site radiological environmental
monitoring program, the individual doses that were calculated as doses to the critical group, a review of
the radiological environmental monitoring quality assurance program, and any unusual findings during
the calendar year.

~ The report shall be submitted by May 1 of the next calendar year, unless otherwise approved in
writing by the AECB.

5. Research and Development Progress Reports

Every licensee who operates a nuclear power reactor shall make an-annual research and development
progress report in writing to the Project Officer or the staff member designated by the AECB.

The progress report shall describe research and development programs that are planned cor are being
carried out during the calendar year, or that are ptanned for future years, to tesolve unresolved safety
questions. The report shall describe schedules, milestones, and results of the programs.

The report shall be submitted by May 1 of the next calendar year, unless otherwise approved in
writing by the AECB.

6. Periodic Inspection Program Reports )

Every licensee who operates a nuclear power reactor shall make Periodic Inspection Program reports
in writing to the Project Officer or the staff member designated by the AECB.

The Periodic Inspection Program reports shall describe the results of any inspection camried out in
accordance with the Periodic Inspection Program requirements of CSA Standards N285.4 and N285.5

The reports shall be submitted within 90 days of the completion of any stage of the Periodic

Inspection Program that is referred to in CSA Standards N285.4 and N285.5, unless otherwise approved
in writing by the AECB.



7. Reliability Report

Every licensee who operates 2 nuclear power reactor shall make an annual Reliability Report in
writing to the Project Officer or the staff member designated by the AECB. The requirement o report
reliability on an annual basis does not relieve the licensee of its oblipation to detect any unacceptable
decline in reliability, and to respond to it on an ongoing basis.

The Reliability Report shal] contain an evaluation, for the calendar year being reported, of the system
reliability of each special safety system and of any other safety-related system that has a specific
reliability requirement described in the licensing documents. The Reliability Report shall include:

(a) 'a report on the completion of all tesis that were required to be carried out during.the reporting
period by a licence condition or that were required by a routine test program that was referred to in
the licensing documents,

(b) an impairment report,

(c) areview of reliability indices for relevant safety-related systems (e.g. starting and rumung
reliability of Class I power generators),

(d) an assessment of the predicted reliability of each special safety system and of any other
relevant safety-related system., The assessment shatl include a review of thie changes that occurred
between the information that was used in the existing reliability analysis and the current status of
that information. The review shall take into consideration:

i) design changes that are anticipated in the reliability analysis but tnat have not yet been
implemented;

ii) design changes that were made subsequeat to the reliability analysis;
iii) differences between the actual operating or maintenance procedures and those assumed in the
analysis;
"iv) differences between the actual components and system performances and those assumed in the
reliability analysis. Where relevact, the reliability analysis review shall take into consideration:
(A) the discovery of new failure modes not previously modeled in the reliability analysis;
* (B) differences in the failure rates of components taking into account their environment and
use,
(C) failure trends that affect the predicted reliability of the special safe:y systems and any
other relevant safety-related system, and

(e) if the assessment indjgates that the predicted reliability of a special safety system and any other
relevant safety-related system is less than the target specified in the licensing documents, the
Reliability Report shall also include:

1) an evaluation and discussion of the significance of these results,

ii) an identification of any action intended to be taken to mcrease the predicted system reliability
to the limit specifizd in the licensing documents, and

iif) a schedule for implementation of the actions, where relevant.

If the review indicates differences that would invalidate the reliability analysis, the analysis shall be
updated and the Reliability Report shall include the proposed schedule for updating the anatysis.

The annual Reliability Report shall be submitted by April 1 of the year that follows the reporting
period, unless otherwise approved in writing by the AECB.

;
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8. Fissionable and Fertile Substances Report

Every licensee who operates a nuclear power reactor shall make reports on the inventory and transfer
of fissionable and fertile substances in writing to the Project Officer or the staff member designated by
the AECB. ‘

The reports shall be made and submitted in accordance with the document AECB-1049, “Reporting
Requirements for Fissionable and Fertile Substances™ unless otherwise approved in writing by the AECB.
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AND GUIDELINES FOR THE DISPOSAL OF
RADIOACTIVE WASTES — LONG-TERM ASPECTS
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1. PURPOSE AND SCOPE

It is the purpose of this document to present the regulatory basis for judging
the long-term acceptability of radifoactive waste disposal options, assuming that
the operational aspects of waste emplacement and facflity closure satisfy the
existing regulatory framework of requirements. Basic objectives of radicactive
wvaste disposal are given, as are the regulatory requirements which must be
satisfied in order to achieve these obiectives. In addition, guidelines are
given on’ the application of the radiological requirements to assist proponents
in the preparation of submissions to the Atomic Erergy Control Board {AECR).

The primary focus of the requirements is on radfation protection, although
environmental protection and institutional controls are &also addressed in a more
general way since these factors stem directly from the overall objectives for
radioactive waste disposal. Other types of regulatory requirements such as
might concern other aspects of conceptual assessments, siting, design,
construction, operation and decommissioning of facllities for the management of
particular waste types are, or will be, addressed in separate regulatory
documents. Examples of these documents are Regulatory Document R-71 on the

- concept for deep geoloplcal disposal of nuclear fuel waste gnd Consultative
Document C-36 on the management of uranium and thorium mine and mill tailings.

2. INTRODUCTION

In Canada, a wide variety of radicactive wastes are generated at alli steps in (-;
the nuclear fuel cycle from uranium mining and milling to reactor operations for
electricity production, and from the use of radioilsotopes in Industry, research
and hospitals. The bulk of these wastes are managed in & manner based on the

" principles of containment and isolation from people and the enviromment.
However, the techniques employed rely on the continued need for human
intervention and surveillance whether this be for monitoring, maintenance,
treatment or restriction of public access to assure an acceptable level of
radiological safety. The remaining wastes are disposed of either by controlled
discharge to the environment as gaseous and liquid effluents, 'or.in the case of
small quantities of 1iightly contaminated material, by treatment as conventional
wastes with no requiremeat for special radiological precautiouns.

The current operation of radioactive waste management facilities and the routine
discharge of radioactive effluents from other nuclear facilities are strictly
regulated by the AECB using a comprehensive system of licensing, compliance and
enforcement activities. The gpecific radiological requirements applied by the
AECB are derived from the system of dose limitation recommended by the
International Commission on Radiological Protection (ICRP). The dose limits
recommended by the ICRP are intended to apply to all practices in which
radiation exposure of workers and the public can be influenced by active
controls but do not apply to exposures from unusual events, medical irradiations
and natural background radfation. For exposures from situations such as
accidents and other unusuerl events during nuclear facility operations, the
radiclogical requirements that are applied by the AECB acknowledge the expected
frequency of occurrence of the unusual event or process causing the
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exposure. In summary, for current operations a regulatory framework of
radiclogical requirements {s actively applied, such that procedures of various
types are reliably maintained for monitoring environmental discharges,
conducting remedifal actions as necessary, and controlling exposure pathways.

For the long-term management of radiocactive wastes, the preferred approach is
disposal, & permanent method of managewent in which there is no intention of
retrieval and which, ideally, uses techniques and designs that do not rely for
their success on long=term institutional control beyond a reasonable period of
time. The practical disposal options presently being studied usually involve
containment of the wastes and their isolation from the bilosphere for extended
time perlods. For some waste types, though, such as the large-volume wastes
from uranivm mining and milling, the ideal type of disposal may sometimes not be
practicable: 1In such instances where there are no practical disposal options
for achfeving the ideal goal, there may be a long-term need for continued
institutional controls to. guard against particular exposure scenarios after the
facility has ceased receiving waste and has been closed down.

Whichever option is implemented for the long-term containment and isolation of
radioactive wastes, exposures after the closure of a disposal facility will be
dependent on a range of events and processes with varying probabilities of
occurrence and, in some cases, they will be delayed for considerable periods of
time. Forecasts of the possible doses to humans are subject to additicnal
-uncertainties owing to the range of factors affecting the environmental
transport of radionuclides and to changes which might occur in future living
habits, lifestyles and population distributions. Also, in the case of disposal
with no ongoing requirement for institutional controls, it is not possible to
enforce compliance with present-day forecasts since there would be no operator
for the facility in the future. There is consequently a need to establish
alternative regulatory requirements to ensure the acceptabllity of waste
disposal options for which there are potential long~term radiological impacts in
the post—operational period. The basic purpose of this document is to establish
these waste management requirements. For reasons of consistency, equity and
fairness, the requirements are based upon an extension of the existing
regulatory framework and should be broadly applicable to all waste types and
disposal options in which long-term contalinment and fsolation are employed.

It 1s intended that the requirements and guidelines presented here will come
into effect immediately for those facilities designed specifically for the
disposal of radioactive wastes. Where a facllity may change from an operational
storage facility to a disposal facility at some time in the future, the
requirements and guidelines are intended to apply at the time disposal is
considered to begin. This would normally occur as soon as practical after
operations at the facility cease and would likely include a period of
institutional control determined by waste and site-specific issues.

3. OBJECTIVES OF RADIOACTIVE WASTE DISPOSAL
The objectives of radiocactive waste disposal are to:
- minimize any burden placed on future generations,
- protect the enviromment,

- protect human health,

taking into account soctial and economic factors.
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Many factors must be considered in meeting these objectives in an effective and
reliable way over the long term. The disposal of radioactive wastes on the
basis of containment and isolation requires safety features to restrict the
release of radionuclides into the environment and to reduce the likelihood of
inadvertent public access to the waste. These safety features may Iincorporate a
suitable combination of processes, barriers and institutional controls. The
processes include radioactive decay, adsorption, chemical precipitation,.
dilution, dispersion and other phenomena which Influence the transport of
radionuclides. The barriers may be provided by engineered design or by the
natural geclogical setting of the site. Such a system of passive multiple
barriers gives an increased degree of assurance of contaimment and isolation and
of assurance that any release of radioactive material to the environment will
occur at an acceptably low rate. Institutional controls on the other hand are
active mechanisms established by soclety te ensure the continued implementation
and achievement of a desired course of action. These controls could include the
wmonitoring and treatment of contaminated releases, the keeping of records, and

the imposition of land-use restrictions registered in property deeds and
by-laws.

4. BASIC REGULATORY REQUIREMENTS

4.1 Burden on Future Generations

The burden on future éenerations shall be minimized by:

(a) selecting disposal options for radicactive wastes which to
the ertent reasonably achievable do not rely on long-term
ingtitutional controls as a neceseary safety feature;

(b) implementing these disposal options at an appropriate
time, technical, social and economic factors being taken into
aceount; and

(e) ensuring that there are no predicted future rigks to
human health and the environment that would not be currently
accepted.

The requirement to minim{ze the burdens on future generations is based on three
matters of principle. The first reflects & pessimistic view of the longevity of
institutional controls and concern for the possible consequences should they
lapse. Where reasonable digposal alternatives clearly exist, those optlons
which rely on monitoring, surveillance or other institutfional controls as a
primary safety feature for very long periods are not recommended. This is nct
because of concern that future generations will be technologically incompetent,
but rather because methods of ensuring the continuity of controls are mot
considered very reliabdble beyond a few hundred years. Similarly, it is not meant
to imply that means to preserve the identity and location of waste ‘disposal
facilities or to monitor their performance should not be attempted. It is
expected that records will be kept and that in some cases monitoring will be

carried out, but, where reasonably possible, safety should not rely on these
measures.

The second principle concerns the responsibility of the present generation, as
the primary beneficiary of the current exploitation of nuclear energy, to bear
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the financial burden associated with the implementation of waste disposal
options. It has also been argued, however, that Lt should be recognized that
the current use of nuclear energy contributes to an improved standard of living
that will benefit future generatfons. In any case, the timing of the -
implementation of waste disposal options will depeand on a number of techunical,
soclal and economic factors. These include the avalilability and development of
sultable sites and technology, the technical advantages to be gained from
interim storage of short-lived wastes and, in the case of used nuclear fuel, the

desire not to discard prematurely various constituents that are of potential
value to future generations.

‘The third principle concerns the level of risk that may be fmposed on future
generations since it 1s not possible to ensure total containment and isolation
and absolute safety. On ethical grounds, and in keeping with the
recommendations of the ICRP, the radiological risks to future individuals should
be limited on the same basis as are the risks to individuals living now.
Moreover, the judgement is made that the level of protection to be afforded to
future individuals shall not be less than that which is currently provided.

4.2 Protection of the Environment

Radioaetive waste disposal options ghall be implemented in a
manner such that there are no praedicted future impacte on the
environment that would not be currently accepted and such that
the future uge of natural resources i not prevented by either
radiocactive or non-radicactive contaminants.

One of the primary goals of environmental protection is to ensure appropriately
safe conditions for human activities. This includes the fmpacts on human health
arising from non—-radiocactive substances which may alsc be released from waste
disposal facilities. It 1is thought likely that the level of radiation
protection afforded all human individuals ensures adequate protection of other
living species in the eaviromment, althouph not necessarlily indi{vidual members

- of those species. It follows then that by establishing the requirements found
in this document concerning the radiation health burden on future generations,

an appropriate requirement for envirommental radiation protection is also
formulated.

However, there is also a need to provide adequate protection for the general
eavironment from the impacts that might arise from either radioactive or
non~radiocactive contaminants. The disposal of radicactive wastes must therefore
comply with the appropriate requirements governing land-use and the protection
of natural resources, such as water, wildlife, fish, soil, forests, minerals and
other economically viable commodities. This basic requirement applies both to
the environment surrounding a waste disposal facility and to the materials
consumed in 1its construction and operatian.

4.3 Protection of Human Bealth

The primary focus in this section is on radiological aspects of human health.

It must however be recognized that some non-radfoactive substances also may have
detrimental effects on health. These effects have already been addressed in
Section 4.2.



4.3.1 General Requirement -

The predicted radiological risk to individuals from a waste e
dieposal facility ehall nmot exceed 10~¢ fatal cancers

and serious genctic effects in a year, caleulated without

taking advantage of long-term institutional controle ag a

safety feature.

In judging the acceptability of a disposal facility for whick forecasts of
hypothetical exposures of indfviduals in the future are made, it is mot
appropriate to apply dose limits in the manner practised today for the current
operation of nuclear facilities. This is because ft will not generally be
possible in the long term to enforce compliance with any preselected dose
limits. There is also considerable uncertainty as to whether the doses forecast
will actually be received. Thils is due to the assumptions and uncertainties in
predictive assessments concerning, for example, the location of the expased
individuals. It ie alsoc clear that waste disposal facilities may be subject to
unlikely events and processes which could cause doses in excess of an individual
dose limit. For example, seismic or tectonic phenomena can modify groundwater
flow characteristics, and flooding and erosion may have a disruptive effect on
near-surface facilit{es. Similarly, future human activities such as
well-drilling, mineral exploitation, building and farming could give rise to
immediate radiation impacts and could modify the characteristics of existing
environmental pathways as well as introduce new pathways.

In order to take into account the hypothetical exposures committed in a year

from both highly probable and less probable events and processes, the ( g
appropriate expression of the requirement is in terms of risk, where risk is s
defined as the probability that a fatal cancer or gerious genetic effect will

occur to an individual or his or her descendants. Risk, when defined in this

way, is the sum over all significant scenarios of the products of the

probabilicy of the scenarfo, the magnitude of the resultant dose and the

probablilicy of the health effect per unit dose. Where it is reasonable to

assume that the probability of the scenario approximates unity, the risk is

simply the product of the dose and the probability of the health effect per unit

dose. This is often assumed to be the case for groundwater transport of

radionuclides to the human enviroument 4n the long term from 'a waste disposal
facility.

For lifelong continuous exposures, the present view of the ICRP fs that the
principal liwit on effective dose equivalent to wembers of the public should be
1 millisievert (1 mSv) in a year, taking into account exposures from all sources
and facilities excluding medical {irradiations and natural background radiation.
Since the probability of fatal cancers and serious genetic effects is
approximately 2 x 10-2 per sievert, the probability of these health effects
associated with a dose of 1 mSv 15 2 x 1077,

In the case of a single waste disposal facility, there is a need to ensure that
the predicted radiological risks associated with it are sufficiently low so0 as
to allow for uncertainties in exposure scenarios and their consequences, and
algo to allow for future nuclear activities which might fmpact on the same
individuals. An appropriate and prudent risk level for individuals must
therefore be chosen in keeping with the objective concerning the radiological

e Mttt b ek 7
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health burden on future generations. The level of risk selected, 1 x 10'6,
or 1 fa a mfllion, in a year, 13 a level of rigk from other activities that
is considered to be insignificant by individuals in their daily lives.

To put the foregoing into perspectve, a risk-of 1076 fn a year is the risk
assoctated with a dose of 0.05 mSv in a year. Individual doses of 0.05 amSv in a
year are a small fraction (approximately 2.5X) of the annual dose received by
the general population in Canada from natural background radiation and are also
of the same order of magnitude as the doses to critical groups predicted from

the routine release of radioactive effluents from nuclear power reactors in
. Canada.

4.3.2 Variance From the Ceneral Requirement

If there is no practicable method of fully meeting the
requirements of Section ¢.3.1, an optimization study
shall be performed in order to determine the preferred

option. A disposal facility, under these circumstances,
shall be: '

(a) compatible with the results of such a study, and

(b) such that the predicted risk to individuale does
not exceed that which ie presently accepted from current
operations involving the same wastes. .

It 1s clearly the intent of this document to have the general requirement used
as the basis for judging the acceptability of human health protection to the

greatest extect practicable. However, for some waste types in a site-specific
situation, there may be no realistic alternative to their disposal in a manner

which requires long-term institutional controls as a safety feature. Uranium
MlLl LALLILED GLE & ET-kviwl wiwaw +f wactbes sl ol aca ganaratrad {n larce valume:

- and which, in most practicable disposal options, require some form of long-term
institutional control to guard against the occurrence of particular exposure

DLCUALLVE s Thiu mewd wvdeee edmes ahn +adldfnge Afonneal antfane usually {nvolve
some variation of surface or near—-surface containment. 1In this case, measures

must be implemented to deter inadvertent public acceéss to or misuse of the wast

~ e — -2 - [ ¥ S ——— Al C 2123 AT T-3

controls wmay also permit futLre socletiLLnES’tZQQ %2%25221“%%:?%% Rg %%E%egsto
considered desirable. However, in keeplag with the requirement concerning the
burden on future gencrations, the need for such controls wust be minimized to
the extent reasonably achievable. The process of determining what is reasonabl
achievable is called optimization and is discussed in greater detail in
Section 5.5. The stipulation that the predicted risk to individuals not exceed
that which 1is presently accepted from curreat operations.involving the same
wastes follows from the requirement concerning the burden on future generations
It should be ensured that when the long-term risk predicted to arise from a
waste disposal facility is compared to presently-accepted risks, a similar set
of scenarios, critical groups and overall assumptions are used, so that

artificla) differences between predictions of consequences for today's practice
and those io the future are avoided.
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5. GUIDELINES FOR APPLICATION OF THE BASIC RADIOLﬁGICAL REQUIREMENTS

5.1 Identifying the Individual of Concern

The individual riek requirements in the long term should be
applied to a group of people that is assumed to be located
at a time arnd place where the rigks are likely to be the
greatest, irrespective of national boundaries.

The concept of the critical group is commonly employed when applying individual
dose limits to members of the public affected by existing nuclear facilities.
This concept involves the identification of a relatively homogeneous group of
people that 1s expected to receive the greatest exposure because of its
location, age, habits and diet. Owing to the conservative assumptions usually
made in selecting critical groups and in defining thelir lifestyles, the doses
actually received by members of the group will in most cases be lower than the

estimated mean dose of the critical group. It follows that doses to individuals
outside the critical group are even lower. '

When considering potential exposures in the future, the precise identification
of critical groups and their lifestyles is not possible because of
uncertainties about population distributions, living habits, climate and other
aspects of the environment. In these circumstances, the individual risk
requirements in the long term should be applied to a critical group of people
that is assumed to be located at a time and place where the risks are likely to
be the greatest regardless of national boundaries. This ensures that
individuals beyond the naticnal border are afforded a level of radiation
protection at least as stringent as the level afforded residents of Canada.

Definition of the lifestyle of the hypothetical group of people ghould be based
on present human behaviour using conservative, yet reasonable, assumptions.
Similarly, the diet and metabolic characteristics of the group should be based
on present knowledge, making the assumption that the basic dietary requirements
of future individuals will be the same as those of people at prasent.

5.2 Probabilities of Exposure Scenariocs

The probabilitiee of exposure scenarioe should be assigned
numerical values either on the basie of wrelative frequency of

occurrence or through best estimates and engineering
Judgemente.

In order to apply the risk requirements it is necessary to express the
probabilities of exposure scenarios quantitatively. While the temrm
“probability™ is usually defined in terms of relative frequency of occurrence,
the conventional system for assigning probablilities breaks dowm as the frequency
of occurrence decreases, since little information exists on which to base
predictions. Low probability exposure scenarios should therefore be assigned
values through best estimates and engineering judgements. These values can be
determined using a subjective probability approach in which a number is assigned
to the likelihood of an event occurring in a defined period of time, as a
measure of the degree of belief that the event will actually occur during that
time. The assignment should be made using quantitative analytical techniques to

e
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assess as broad a base of expert opinion as reasonably possible. The use of
subjective probablility is appropriate as long as the quantitative values
assigned through best estimates and engineering judgements are consistent with
the quantitative values of the actual relative frequencies in situations where

more information is available. The uncertainty of the probability assigned
should also be estimated.

5.3 Timescale of Concern

The period for demonstrating compliance with the individual risk
requirements using predietive mathematical models need not exceed
10,000 years. Where predicted risks do not peak before 10,000
years, there must be reasoned arguments that beyond 10,000 yeors
the rate of radionuclide release to the enviromment will not
suddenly and dramatically inerease, and acute radiological risks
will not be encountered by individuals.

Demonstration that a radicactive waste disposal facility complies with the
individual risk requirements can only bte done by forecasting future impacts
using predictive mathematical modelling techniques. In any assessment of the
performance of waste disposal options there are several general sources of
uncertainty associated with parameter values, the mathematical models and the
specification of environmental pathways and exposure scenarios. 1In general,
these uncertainties will increase as the period of prediction increases. On the
other hand, the uncertainties are partially offset in that the potential hazard
assoclated with radicactive wastes usually decreases with time owing to

radioactive decay of the source, unlike the potential hazard from many types of
toxic chemical wastes which do not decay.

In view of the increasingly speculative and uncertain environmental conditions
that might exist in the future, estimates of individual risk ian the far future
may be subject to considerable error, given that environmental modelling 1is a
key part of risk assessment. For exawmple, if severe changes in global climate
were to occur, the human enviroament would also drastically change from that
which exists today. It is therefore considered appropriate for regulatory
decisfion-making purposes to establish an upper bound on the timespan for
individual risk calculations.

Selection of an upper bound, however, is a matter of judgement since there does
not appear to be any objective way of limiting the assessments in a
scientifically satisfying manner. Taking into account the characteristics of
radiocactive wastes, the options for thelr disposal, and the uncertainties in
long-term predictions, it is considered that 10,000 years after the time of

waste emplacement is a reasonable maximum period for assessments of individual
risk.

For some waste types and disposal options, shorter time periods than 10,000
years for predictive modelling are all that are necessary. This is particularly
true where radiocactive decay or radionuclide release-and dispersion are
predicted to occur to the extent that risks to individuals are clearly on the
decline. For other situations, assessments may show that the predicted risks to
individuals do not peak before 10,000 years. This might occur where long-lived
wastes are contained and isolated in geological formations that are relatively
unaffected by natural sorface phenomena and that are likely to remaln stable
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over extended timescales. In these cases, there must be reasoned argument

leading to the conclusion that beyond 10,000 years sudden and dramatic increases (N‘,

in the rate of release to the environment will not occur, acute doses will not
be encountered by individuals and that major impacts will not be imposed on the
blosphere.

To put the maximum period of 10,000 years for assessment Into perspective, it
should be recognized that a number of experts believe that the next glaclal
episode will commence as early as several to tens of thousands of years from
now. In the event of glaciation, it can be expected that near—surface wastes
in Canada will be dispersed and diluted in the environment by thé movement of
ice sheets. It is also reasonable to assume that humans would avoid a heavily
glaciated reglon during an ice age although they would likely repopulate the
region when glaciers recede many thousands of years later. Wastes at greater
depth will be less affected by glaciation, depending on their depth below the
surface and the nature of the geological host formation. For exaumple, the
evidence suggests that a deep geological repository for nuclear fuel wastes in
hard crystalline rock would not be breached by the erosicnal effects of
glaciaticn, although the regional groundwater flow system would likely be
modified.

5.4 OQutput From Predictive Modelling

Caleulations of individual risks should be made by using
the risk conversion factor of 2 = 1072 per sievert
and the probability of the exposure secenario with either:

{a) the amwwal individual dose* ecalculated as the output from
determinietic pathways analysie; or

(b) the arithmetic mean value of anmual individual dose
from the dietribution of individual doses in a year
ecaleulated as the output from probabilistic analyeis.

There are two general approaches to mathematically modelling the long—term
performance of waste disposal facilities, but it wust be recognized that in
either the deterministic or the probabilistic approach the results can only
represent an approximation of the consequences, were releases of radionuclides
to occur. Confidence in the wodelling output must then derive from a thorough
exanination of the assumptions, input data and mathematical models constructed
to represent the release and transport of radionuclides and the subsequent
exposure of individuals. BSuch an examination can be accomplished by a
coumbination of several complementary methods. These include:

(ﬁ) the use of an appropriate quality assurance program in the
development, application and maintenance of computer models and in
the gathering, interpretation and incorporation of data;

(b) the use of experimental laboratory and field techniques for the
validation of models and parameter values to the extent possible;

*dose means the effective dose equivalent committed per year of exposure
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(c) peer review by independeant experts; and
(d) ifatercomparison of varfous modelling approaches.

In the traditional deterministic approach, a single value for each of the model
parameters ia selected from a range of fnput values to produce a single value of
model output, usually in terms of annual individual dose which is the
consequence of primary interest. When using this technique, conservative
assumptions are usually made to compensate for the uncertainty in modelling and
to ensure that the calculations overestimate the potential doses from possible
releases from a facility. Excessive conservatism however is not to be used and
a balanced choice of assumptions is to be made to ensure that the overall
assessment describes reasonable situations encompassing the full spectrum of
exposure pathways, and assesses their impacts iIn a rational manner. Where
complex systems are being mwodelled, sensitivity analyses should be conducted to
investlgate the effect of changes in the values of model parameters on the
magnitude of the dose estimate, particularly when the estimated dose is judged
to be significant. Comparisons with the risk requirements are then
straightforward provided that the probabilities of exposure scenarios have been
properly assigned.

Another approach now available involves probabllistic assessment techniques in
which each parameter value is randomly selected from its probability
distribution for input to the model. By repeating the analysis many times, a
distribution of consequences is obtalned which represeats the spread and
variation of outcomes as a result of variability and uncertainty in input
parameter values for a particular scenario. This approach has certain
advantages over the traditional decterministic approach by providing more
information. A frequency distribution of individual dose will usually display a
most probable dose value and a maximum dose value in the high-tail extremity of
the distribution and thus it i{s necessary to specify a means of comparing the
output to the riek requirement. In this case, the arithmetic mean value of the
distribution should be calculated and should be taken as being representative of
the consequences predicted for an exposure scenario, such as that involving
groundwater transport of radionuclides to the environment. In the same way as
for deterministic assessments, sensitivity analyses should also be conducted to
investigate the effect of changes in input assumptions and model parameters on
the mean value of dose. The latter should then be combined with both the
probability of the exposure scenario and the risk couversion factor for
comparison with the individual risk requirements.

By calculating the arithmetic mean value of the frequency distribution of dose,
the sfgnificance of the extreme values may be overlooked. Since some of these
could concelvably result from coubinations of reasonable parameter values, this
would clearly be undesirable even though the fact that such combinations
generate consequences in the tail-end of the distribution is indicative that
their relative frequency of cccurrence is low. Nonetheless, the relative
frequencies of occurrence of high consequences may differ significantly between
frequency distributions having the same wean value. An additional criterion
appears to be needed to help judge the acceptability of an option for which
probabilistic environmental pathways analysis calculates high doses, albeit with
a low relative frequency. It is judged acceptable to allow 5% of the estimated
doses to exceed & dose of 1| mSv per year to take account of pormal statistical
variations which are {nherent in the probabilistic assessment process. However
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the chofce of the general risk requirement takes account of this since a 5%
occurrence of a dose of 1 mSv corresponds to an average dose of 0.05 mSv. If
more than a 5% level of.occurrence is predicted at } mSv or higher doses, then
the criterion for the arithmetic average i{tself cannot be met. Thus for the
numbers chosen in this regulatory policy statement a secondary requirement is

not specifically needed but is implied and needs to be specifically addressed in
proposals.

5.5 Optimization

When an .optimization study is required in accordance
with Section 4.3.2, it should tiake account of all
relevant radiologizal and non-radiological factors.

The ICRP principle that all exposures should be as low as reasonably
achievable, taking social and economic factors into account, may be regarded as
being generally applicable. However, for the purposes of this regulatory
document it is to be applied only to the disposal of radioactive wastes where
the general risk requirement is not likely to be wet and thus where continuing
long—term institutional controls are necessary. In other cases, the risk limit
is sufficiently low to be the primary requirement with optimization playing at
most a secondary role to help gulde broader cholces between options.
Application of the optimization principle is intended to ensure that all
reasonable or practical opportunities to reduce doses are explored in a broad
way. The factors to be considered may include both radiological and
non~radiological aspects, human health and environmental protection, as well as
a broad range of social and economic issues. For example, it 'is appropriate to
consider both public and worker risks associated with each step of the sequence
of activities involved in waste disposal and not simply the risks to individuals
in the long term. Also it may be necessary to weight some factors to take
account of preferences such as might apply to spatial and temporal distributions
of risk and other radiological parameters. Some non-radiological factors
include, but are not limited to, conventional safety, environmental impacts,
transportation, the nature and length of any institutional controls and the
susceptibility of disposel cptions to naturally occurring disruptive events and
to human intrusion. Some of these factors will not be amenable to rigorous
quantification and thus a full optimization study will require the use of
considered judgement. There are various techniques which can help structure
this type of analysis so that the choices which need to be made are clear and
the rationale for each choice can be fully documented. Generally, optimization
in this broad sense does not result in clear or unambigucus choices between
disposal options in the long term. It is for this veason, and the fact that the
general risk requirement is so low, that optimzation has not been given a
prominent role in this document.
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