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PREFACE

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

Levell: Regulatory Guides
nus is the most OexJble form of regulatory documen~ providing advice or guidelines on cettain aspects

of the regulatory process.

Level 2: Regulatory Policy Statements ~ .
These contain firm requltements and guidelines for compliance. Hewever, 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 Instl\lments by which the AECB establishes prohibitions, rights. obligations and powers

pwsuant 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 Regulatol)' Documents and for improvement to those that exist are encouragoo 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 matter spec1alis~ 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 5S9

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

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

NonCE

A draft of Ibis Reculalory Doc:wnent wu issued for public COIIUDent IS a ColISultativc Document (C·99)
0110 Se~mbu 9. 1991. On completion of 1he eouunent ft";'ew and text revision process, the content wu made effective
on January I. 1995.

Questio!1S on the content of this doaunent should be directed to:

L Colligan
Studies and Coduacatioa DivisioQ
Atomic Ene:r,y Control Boud
P.O. BOlL 1046
Ottawa. Ontario
KIP SS9
Fu: (611) 992·1922

•
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Reporting Requirements for
Operating Nuclear Power Facilities

A. PURPOSE

TIlls regulatory document consolidates in a single document the requirements for reports that
operating nuclear power facilities must make to the Atomic Energy Control Board (AECB). Additional
reporting requlrements are imposed on individual licensees through specific licence cOllditions and
Regulations made under the Atomic Energy Control Act.

B. INTRODUCTION

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

a) event reports.
b) quarterly reports,

c) safety report updates,
d) annual radiological environmental monitoring reports,
e) annual research and development reports:
1) periodic inspection reports,
g) annual reliability reports, and
h) flssionable 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 mlnimum functional capability and performance levels
required for effectiveness; (criteres itabUs)

~discovery.of a safety problem" means the earliest time when the licensee uncovers a situation revealing
a safety problem oe decides that specific resources should be allocated to ascertain whether or not a
safety problem exists; (decouverte d'un probleme de sQreti)

-impairment report" means a report of the Impairment history of the system for agiven time, and
Includes, foe each Impalement, Its durallon and an assessment of the ability of die system to perform
with respect to the rellabmty measu.res In the licensing documents; (rappan de di{ai/lQnce)

"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 fonowed for safe operation of the facility
systems; (/igne de conduite pour I'exploitation)

"oral report" means Information transmined 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;
(de{aillance grave possible de systeme{onctionnel)

~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; (fiabiliti prevue)
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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 missjon
under stated conditions according to its defined specifications for a stated mission time and/or. for
poised systems. when required to do so; (fiabilitl)

"safety-related system" means those structures, systems• .and components that either are Identified as
safety related In the licensing documents. or whose malfunction or failure could lead directly to
radiation exposure of site personlJeI or the pUblic. or could tIirectIy Increase the severity of accidental
releases of radioactive material from the facility; (systbne relit lJ.la sartit)

"security incident" means:

(a) an actual, attempted. or tltreatened act of sabotage,

(b) a failure of the procedures. or a breach or malfunction of the security system that results in a
failure to comply with the Physical Security Regulations or the power.reactor operating licence, or

(c) an actual or Impending civil demonstration at the facility; (alleinte lJ la stcurilt mattmlle)

"serious process failure" means a failure of a process system, component, structure. or an inappropriate
procedure or human action:

(a) that led to a systematic fuel failure or to a significant release from the facility. or

(b) that could have led to " systematic fuel failure or a significant release In the absence of action
by any spcclal safety system; (dt/ai/lance grave de syslAme/oncrionnel)

"significant release" means a release of radioactive material that arises fr~m an eVent and that results in a
whole body or committed effective dose ill 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 boundary; (rejet importcl1lt)

"special safety system" means the shutdown system no. 1, the shutdown system no. 2. !he containment
system, or the emergency core cooling system; (syst~me spkial de saret~)

"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 oflhe event; (de/ai/lance sysltmarique
du combustible)

"unacceptable decline in reliability" means that a safety-related system. subsystem or componene

(a) does not meet the predicted reliability targets that are set out in lhe licensing documents or

(b) shows aconlinue.1 trend of reduced reliability such Ibal those targets wIllllOt be met; (bause
inacceptable de la flabilile)

"violation of a licence condition" means a violation of a condition of the reactor operating licence, the
Physical Security Regulations. the Transport Packaging 0/Radioactive Materials Regulations. or 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 Policies and Principles or.

(b) an Interference wilb the operation of any safeguards equipment Installed by or on behalf of the
International Atomic Energy Agency; (infraction au pennis)

"written report" means Information transmitted in a wriucn or electronic form acceptable to the AECB;
(rapport ecrit)
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D. REPORTING REQUIREMENTS

I. Event Reports
Every licensee who operates a nuclear power reactor shall make event reports to the Project Officer or

to the Director of the Power Reactor division designated by the '-BCD for the facility Involved, at the
times required by subsections 1.2 and 1.3 or. for each event that Is desaibed In 1.2(a) and 1.2(b), to the
ABeB Duty Officer, if the Project Officer or Director cannot be contacted within the allotted times.

1.1 Reportable Events
An event report shall be submitted for:

(a) aviolation 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
(i1) 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 re..-ultlng or likely to result in a dOse of ionizing radiation in excess of
any dose specified in the AEC R~ulations);

(d) a s::rlous process failure;
(e) a potential serious process failure;

(0 an automatic or Intentional manual actuation of either shutdown system, or both, from any
power level, except:

(I) a reactor trip that occurs while the unit Is In a guaranteed shutdown state and where there is
no failure or potential failure of the shutdown guarantee, or
(Ii) a reactor trip that was part of a preplaoned sequence;

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

(h) an unplanned actualion or series of actuations of the em&geocy core cooling S}"Stem or
subsystem; .

(I) 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;

0) 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
(i1) prevents a specIal safety system or a safety-related system from meeting Its defined
specifications;

(lc) a degradation of the pressure boundary that exceeds a limit that Is specified In 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 defonnation, crack. or rupture or a leakage in excess of a limit that is
specified in the Operating Policies and Principles;
(i1) the occurrence of an abnonnal loading transient that exceeds:

-------------

( i
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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 1lI 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) a reduction of the 1oVlI11 thlclgless beyond that allowed In the design by the applicable
pressure vessel cOde. slJIndard or act ,under whlch the pressure boundary was registered; and

(Vi) degradation of the'overpressure protection equipment for t1ie pressure,boundary that violates
a limit of the overpressure protection report or any other licensing document;

(I) a reduction of the effectiveness of U".e systems for reactor power control, for the primary
heat transport system pressure and inventol)' control 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;
(0) 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 capabl~ty to Iliaintain minimum
staff complements;
(p) a declaration 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 IIDCXpected occurrence of a
radiological condition. chernlCld spill. fire, or potentially explosive mixture of gases that creates an
actual hazard to the safe operation of the facility or to the safety of the public:
(q) a concentration of hydrogen and deuterium in any cover gas system in excess of4% by volume;

(r) the occurrence of an earthquake that exceeds. at the site. the maximum free-field seismic
instrumentation triggering level t.lJat is specified by Standard CANlCSA 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 Idlomelen of the site;
(s) a fallure to perform a test that Is required by a licence condition, InCluding any routine test of a
safety-related system that is required in the licensing documents. except In accordance with
approved procedures;

(t) a fallure to monitor or control a release path of radioactive material that is required to be
continuously morJtored and controlled except In accordance with approved procedures;

(u) the discovCl)' 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 discovel)' that a special safety system does not meet its defined specifications;
(U) 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;

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

(v) the discovery of a safety problem that arises from researcIl findings or improVed methods for
safety analysis. that reveals a hazard to radiological health OL nuclear safety that Is t1ifferentln
nature. greater In probablUty. or greater in magnitude than was previously represented to the AECB
In the licensing documents and Includes: .

(I) the discovery that the 8SSU~pllOns,IJlPulS. analytical methods or results of the safety
analyses may be Invalid; . . .

(II) Infonnation that reveals :

(A) that the limits In the Operating Policies and Principles document, or in the appendices 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) Infonnation that reveals that the defined Specifications of a speciai safety system or of a
safety-related system are Invalid and,
(Iv) 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.

1.2 Oral Event Reports:

For all events referred to In Subsection 1.1, except paragraph 1.1(v), a licensee $hall 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 alld alerting the required provincial,
municipal authorities or station staff who are responsible for responding to an event);
(b) within 24 hours:

0) the loss or theft of a prescribed substance. as described in paragraph l.1(m).

(II) all actual or potential dose of Ionizing radiation. 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),

Ov) the occurrence of ally seismic event that exceeds the maximum acceleration for the design
lJasls 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. 11 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 shalt 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;
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(d) primacy applicable paragraph(s) of subsection 1.1. lioence condilion(s) or regulations :

(e) a brief description of the event and how the event was discovered:

(0 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 ~ponse to the event;

(11) a statement of the safety significance of the event, Including. if the event is an automatic or
intentional manual actuation or «;Ither 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 til-the publiC;

0) 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
perfonnance evaluation done of the event;

(I) a statement whether the Event Notification Report constitlites a Detailed Event Report or not;

(m) the signature of the designated representative of the licensee,

Detailed Event Report
For all events referred to Subsection 1.1. except paragraph 1.I(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 Report shall include the following infomlat\on:

(n) if relevant, an update of the Information submitted In the Event Notification Report to correct
any errors. changes or omissions;

(0) a detailed account of the event that sets out any causes or consequences, including. where
relevant, those that have been established by an investigative process;
(p) if relevant, an evaluation of the degree ofImpairment ofspecial 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
l2.ken of similar related events;

(r) the corrective actions taken or proposed to be taken to prevent arecurrence of the event or to
correct the situation, Including. for an event that Involves human error. those actions that result
from a human performanoe 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 ;

(I) 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 lioensee.

Additional Report

Where the Detailed Event Report Is Incomplete due to the unavallabillty of the relevant Information or
due to an ongoing investigation, or due to the discovery of new Information, the licensee shall make an
AddItional Report to the AECB as soon as the required Information becomes available.

1be Additional Report shall contain:
(v) the required Information that Is missing from the Detailed Event Report;
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(w) if relevant, an update of the Infonnation in the Detailed Event Report to correct any errors,
changes or omIssions;
(x) a statement on the dispositJon of any action and recommendation. in the Detailed Event Repon
as per subparagraphs 1.3 (r) and'I.3 (5);

(y) a statement as to whether or Dot the Additional Report is believed to be complete and all
necessary follow-up actiODS are taken; and, .

(z) the signature of the des1gna~ represeqtltive of the licensee.
. '.

2. QUlUterly Reports

Every licensee who operates a Duc;lear power faciUty sha1l 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 me AECB for the facility involved. at the time that is required by subsection 2.2.

2.1 ComentsoJQuarterly Reports

The quarterly report shall report the following:

(a) a clw1ge in station personnel organization and staffing. procedure. equipment, or fuel that could
Invalidate the information In the Safety RqlOrt or other documents that are referred to in the
licensing documents;

(b) a list andIor a brief description of the events with repott titles and numbers, of the events
required to be reported under Subsection 1.1 that occurred dwing the reporting period. except for
any security event referred to In Paragrap~ 1.1 (n);

(c) a list and/or briefdesaiption of the Additional Reports desaibed in 1.3 that

(I) were submitt¢ dwing the quarter with the Detailed Event Report titles and numbers.

(il) reII13ln to be submitted with the Detaned Event Report titles and numbers;

(d) the results of routine radioactive emuenl monitoring. including, for each month of the quarter. .
the total act1vity released and the cooling water flow volume;

(e) the results of non-routine off-site radiological DlOnltoring that was triggered as a result of any
unpbmned emission of radioactive material;

(t) a summary of the results of routine surveys of the radiation field. or surface contamination and the
concentration of airborne radIoactive materials that were taken in various locations within Ihe facility.
This should 1Dc:lude the r:esults of any assessment to detect ioaeases ofndiatioD~ over time;

(g) the dose rc:ceived by any person that resulted from any event that is desaibed in paragraph 1.I(c).
the collective dose ofau workers and dose statistics for different groups of workers;

(11) a summary ofemergency exercises and drills that were carried out and a description of any
change that was made to the emergency procedwes 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 arrangen.eots with off-site authorities;

(0 a summary of faults or combination of faults that prevented a special safety system and. where
applicable. a safety-related system, erOm meeting its defined specifications; ,

G> the acqu1sition and transfer of prescribed substances. including any revisions to the inventory to
account for radioactive decay. 1be fourth quarterly report for each calendar year shall also include
the inventory IS of the end of the year;

(k) the nwnber of fires that occurred at the facility with an evaluadon of their safety significance. and

(I) the fowth qu3lte:dy IqXXt for each ca1erd3r year shall also include an annual review repxt of Ihe
safety-related stadon pedbnnance indicators fer Ih: operational and maintenance (X'Ogram5 and
documenLation. that areused by~ licensee to delect. p:lssible IXObtems. backlogs or ttends aM to
determine the ap(rOpi:tte priority for their resolution (the informalion may be presented in graphical form).

()
, 7
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2.2 Timing of Quarterly Reports
Each quarterly 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 I o~

the next calendar year.

3. Safety Reports
Every licensee who operates a nuclear power reactor mall make an update of the Safety Report in

writing to the ProjeetOfficer 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 c~nsideration any event or occurrencethat 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 infonnation, 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 approval 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 AF..cB.

4. Radiological Environmental Monitoring Reports
Every licensee who operates a nuclear power 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 staff
member designated by the AECB.

The reports shall include an analysis of the results of the off-site radioiogical 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.

S. Research and Development Progress Reports
Every licensee who operates a nudear 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 or are being
carried out during the calendar year. or that are planoed for future years. to resolve 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 earned out in
accordance with the Periodic Inspection Program requirements of CSA Standards N28S.4 and N28S.S

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 N28S.4 and N28S.s. unless otherwise approved
in writing by the AECB.
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7. Reliability Report
Every licensee who operates a 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 to report
reliability on an annual basis does not relieve the licensee of its obligation to detect any unacceptable
decline In reliability, and to respond to II on an ongoing basis.

The Reliability Report shall 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 tests 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) a review of reliability indices for relevant safety-related systems (e.g. starting and running
reliability of Qass III power generators),

(d) an assessment of the predicted reliability of each special safety system and of any other
relevant safety-related system. The assessment shall Include a review of the 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 bat that have not yet been
Implemented;

i1) design changes that were made subsequent 10 the reliability analysis;

ill) differences bc!ween 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
reliabillty analysis. Where relevant, the reUablllty analysis review shall take Into consideration:

(A) the discovery of ne-.v failure modes not previously modeled In the reliability analysis;

. (B) differences in the failure rates of components taking into account their enviror.ment and
use;

(C) failure trends that affect the predicted reliability of the special sa~ety systems and any
other relevant safety-related system. and ..

(e) if the assessment~es that the predicted teUablllty of a special safety system and any other
relevant safety-related system is less than the target specified In the licensing documents, the
Reliabillty Report sha1l also include:

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

i1) an Identification of any action intended to be taken to increase the predicted system reliability
to the limit specified In the licensing documents, and .

iii) 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 analysis.

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

--------------

i
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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 ....'tiling 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-I049. "Reporting
Requirements for Fissionable and Fertile Substances" unless otherwise approved in writing by the AECB.
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REGULATORY OBJECTIVES, REQUIREMENTS
AND GUIDELINES FOR THE DISPOSAL OF
RADIOACTIVE WASTES - LONG-TERM ASPECTS

1. PURPOSE'AND SCOPE

It is the purpose of this document to present the regulatory basis for judging
the long-term acceptability of radioactive waste disposal options, assuming that
the operational aspects of waste emplacement and facility closure satisfy the
existing regulatory framework of req~irements. Basic objectives of radioactive
wsste disposal are given, as sre the regulatory requirements which' must be
satisfied in order to achieve these objectives. In addition, guidelines are
given on'the application of the radiological requirements to assist proponents
in the preparation of submissions to the Atomic Energy Control Board (AECB).

The primary focus of the requirements is on radiation 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
radioacUve waste disposal. Othe·r types of regulatory requirements such as
might concern other aspects of conceptual assessments, siting, design,
construction, operation and decommissioning of facilities for the management of
particular waste types are, or will be, addressed in separate regulatory
documents. Examples of these ~ocuments are Regulatory Document R-71 on the
concept for deep geological disposal of nuclear fuel waste and Consultative
Document C-36 on the management of uranium and thorium mine ~nd mill tailings.

2. INTRODUCTION

In Canada, a wide variety of radioactive wastes are generated at all steps in
the nuclear fuel cycle from uranium mining and milling to reactor operations for
electricity production, and from the use of radioisotopes in industry, resesrch
and hospitals. The bulk of these wastes are managed in a manner based on the
principles of containment and isolation from people and the environment.
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 lightly contaminated material, by treatment as conventional
wastes with no requirement for special radiological precautions.

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 specific radiological requirements applied by the
ABCB are derived from the system of dose limitation recommended by the
International Commission on Rsdiological 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 radiation. For exposures from situations such as
accidents and other unusual events during nuclear facility operations, the
radiological 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
radiological requirements is actively applied, such that procedures of various
types are reliably main~ained for monitoring environmental discharges,
conducting reID~dial actions as necessary, and controlling exposure pathways.

For the long-term management of radioactive wastes, the preferred approach is
disposal, a permanent method of management in which there is no intention of
retrieval and which, ideally,_~ses techniques and designs that do not rely for
their success on long~term institutional control beyond a reasonable period of
iime. The practical disposal options presently being studied usually involve
containment of the wastes and their isolation from the biosphere for extended
time periods. For some waste types, though, such as the large-volume wastes
from uranium mining and milling, the ideal type of disposal may sometimes not be
practicable~ In such instances where there are no practical disposal options
for achieving 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 additional

-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 acceptability 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
regulator! framework and should be broadly applicable to all waste types and
disposal options in which long-term containment and isolation are employed.

It is 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 facility 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

~e objectives of radioactive ~ste disposal a~e to:

~n~ze any bu~ placed on futu~ generations,
- p~otect the environment,
- p~otect human health,

taking into account social and economic facto~8.
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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 an~ isolation requires safety features to restrict the ~

release of radionuc11des into the environment and to reduce the likelihood of
inadvertent public access to the vaste. These safety features may incorporate a
suitable combination of processes, barriers and institutional controls. The
processes include radioactive decay, adsorption, chemical precipitation,.
dilution, dispersion and other phenomena which infl~ence the transport of
radionuclldes. The barriers may be provided by engineered design or by the
natural geological setting of the s~t~. Such a system of passive, ~ltiple
barriers gives an increased degree of assurance of containment arid isolation and
of 'assurance that any release of radioactive material to the environment will
occur at an acceptably low .rate. Institutional controls on the oth~r hand are
active mechanisms established by society to ensure the continued implementation
and achievement of a desired course of action. These controls could include the
monitoring 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 bu..,.den on futu1'e generations ~haH be minimized by:...
(a) selecting disposal options fo.,. ~ioactive ~ste6 ~hich to
the extent 1'easonably achievab'te do not rely on long-tenm
i~titutionat eontPOLs as a necessa~ safet,y !eatu.,.e;

(b) implementing these disposal options at an app.,.op,.iate
time~ technica't, social and economic ft1Ct01'8 being taken. into
account; and

(cJ ensu1'{,ng that there a1'e '10 predicted futu1'e mks to
human health and the environment that ~uld not be cU1'1'ent'ty
accepted.

The requirement to adnim1.ze the burdens on future generations' is' based on three
matters of principle. The first reflects 8 pessimistic viev of the longevity of
institutional controls and concero for the possible cOD8equences should they
lapse. ~ere reasonable disposal alternatives clearly exist, tbose options
which rely on monitoring, surveillance or other institutional controls as a
primary safety feature for very long periods are not recommended. This is net
because of concern that future generations will be technologically incompetent,
but rather because methods of ensuring the continuity of controls are not
considered very reliable 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 vill be kept and that in some cases monitoring viII 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

{ ... '\- j
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the financial burden associated with the implementation of waste disposal
options. It has also been argued, however, that it should be recognized that
the current use of nuclear energy contributes to an improved standard of liVing
that will benefit future generations. In any case, the timing of the
implementation of waste disposal options will depend on a number of technical,
social and economic factors. These include the availability and development of
suitable sites and technology, the technica~ 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 i~posed on future
generations since it is not possible .to ensure total containment and isolation
and absolute safety. On ethical grounds, and in keeping with the
recommendations of the IeRP, 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

Radioactil1e t.laste disposal options shall be implemented in a
manner such that there are no predicted future impacts on the
environment that rJou?d not be currently accepted and such that
the future use of natu~l resources is not prevented by eithe..
radioactive or non-radioactive contaminants.

One of the primary goals of environmental protection is to ensure appropriately
safe conditions for human activities. This includes the impacts on human health
arising from non-radioactive substances uhich may also be released from waste
disposal facilities. It is thought likely that the level of radiation
protection afforded all human individuals ensures adequate protection of other
living species in the environment. altho~eh not necessarily individual 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 environmental radiation protection Is also
formulated. .

However, there is also a need to provide adequate protection for the general
environment from the impacts that might arise from either radioactive or
non-radioactive contaminants. The disposal of radioactive wastes must therefore
comply with the appropriate requirements governing land-use and the protection
of natural resources. such as water, wildlife. fish, solI, 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 1n its construction and operation.

4.3 Protection of Human Health

The primary focus 1n this section is on radiological aspects of human health.
It must however be recognized that some non-radioactive substances also may have
detrimental effects on health. These effects have already been addressed in
Section 4.2.
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4.3.1 General R~uirement

The predicted ~ioZogicaZ risk to individuals from a ~ste

disposa2 facility shaU not exceed 10-6 fatal cancers
and seriouc genetic effects in a year~ calculated without
taking advantage of long-terrm institutional contJfo'ls as a
safety feature.

In judging the acceptability of a disposal facility for which forecasts of
hypothetical exposures of individuals' in the future are made. it-is not
appropriate to apply dose limits in the manner practised today for the current
operati6n of nuclear facilities. This is because it 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 r~ceived. This is due to the assumptions and uncertainties in
predictive assessments concerning. for example. the location of the exposed
individuals. It is also 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 facilities. 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 ~ell as introduce new pathways.

'In order to take into account the hypothetical exposures committed in a year
from both highl}" probable and less probable events and processes. the C j

appropriate expression of the requirement is in terms of risk, where risk Is
defined as the probability that a fatal cancer or serious 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
probability of the scenario, the magnitude of the resultant dose and the
probability 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 th~ probability of the health effect per unit
dose. This is often assumed to be the case for groundwater transport of
radlonuclides to the human envlron~ent in the long term from~ waste disposal
facility.

For lifelong continuous exposures, the present view of the ICRP 1s that the
principal limit on effective dose equivalent to .embers of the public should be
1 ml1lisievert (1 mSv) 1n 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 is ·2x_IO-S.

In" the case of a single waste disposal facility. there is • need to ensure. that
the predicted radiological risks associated with it are sufficiently low 80 as
to allow for uncertainties in exposure scenarios and their consequences. and
also to allow for future nuclear activities which ~i&ht impact on the .ame
individuals. An appropriate and prudent risk level for individuals must
therefore be chosen in keeping with the objective concerning the radiological
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health burden on future generations. The level of risk selected, 1 x 10-6 ,
or 1 iu a millIon. In a year. is a level of rlskf~om other activIties that
is ~onsidered to be insignificant by individuals in their daily lives-

To put the foregoing into perspect~ve. a risk·of 10-6 In a year is the risk
associated with a dose of 0.05 mSv in a year. Indlvldual doses of 0.05 ~Sv In a
year are a small fraction (approximately 2.S%) of the annual dose received by
the general population In Canada from natural background radiation and are also
of the same order of.ma8nitu~e as the doses to critical groups predicted from
the routine release of radioact·ive effluents from nuclear power reactors in

., Canada.

4.3.2 Variance From the General Requirement

If the~e is no pPacticabte method of futly meeting the
~equi7'ements of Section 4.3.1, an optimization study
shatt be pe~fonned in o~e~ to dete~ine the ppefe~ed

option. A disposal. facUity, under these ci~cwn8tance8,

shatl. be:

(a) compatibte ~th the 7'esults of such a study, and

(b) such t~~t the ppedicted 7'isk to individuats does
not exceed that which is p7'esently accepted f~om cu~~ent

opePations invoZving the 8a~e ~ste8.

It is 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 ext~nt 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
IQ..I..J. ..... .... cs ..... .L..LU6~ CI"'~ ca 6 ............. _:a. _s- -~ ......-- .. _- _-LI_'L. --- ."""' .......a,.. ...... fn 1 • .,..0'. vnlumel
and which, in most practicable disposal options. requlre some form of long-term
institutional control to guard against the occurrence of particular exposure
.........0&..&....... Th.L~ ••_-~ __ .L L ...l._ ...~1" ..o" "' ....ll" ....... 1 nnt'fnru: usuallv involv.
some variation of surface or n~ar-surface containment. In this case. measures
must be implemented to deter inadvertent public access. to or misuse of the wast
------.. u --_ ~ , ..f11.n,. .. .Gfld maintenance mav be needed to
controls may also permit future socIeties to take remed1al act10n 11 that 1&
considered desirable. However. 1n keeping w~th the requirement concerning the
burden on future generations. the need for sucb controls .ust be minimized to
the extent reasonably achievable. The process of determining what is reasonabl
achieva~le is called optimization and is discussed in greater detail in
Section 5.5. The stipulation that the predicted risk to individuals Dot exceed
that which is presently accepted from current operations.involving the same
wastes follows from the requirement concerning the burden on future generations
It should be ensured that when the long-tera risk predIcted to arise from a
waste disposal facility i8 compared to presently-accepted risks. a similar set
of scenarios. critical groups and overall assumptions are used. so that
artificial differences between predictions of consequences for today's practiCE
and tbose in the future are avoided.
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5. GUIDELINES FOR APPLICATION OF THE BASIC RADIOLOGICAL REQUIREMENTS

5.1 Identifying the Individual of Concern

The individuaL ~isk ~equi~ements in the Long tenn should be
appUed to a !T"oup of people that is assumed to be located
at a time and place ",he~e the ~isks a~ Ukely to be the
g~eatest, i~espective of national bounda~e8.

The concept of the critical group is commonly employed when applying individual
dose limits to members of ·the· ·publ1c "aft'ected by existing nuclear .facilities.
This concept involves the identification of a relatively homogeneous group of
people t&at is 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 their 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 national 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 should 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 tIle basic dietary requirements
of futur~ individuals will be tl~ same as those of people at present.

5.2 Probabilities of Exposure Scenarios

The p~babiUtiBe of B:CP0SUN scena~os should be assigned
nume~ca1. u:t1.UBS eithe~ on the basis of N1.ative frequency of
occu'I'1'8nCe O~ through best estitrntes and snginee~ng

judgements.

In order to apply the risk requirements it is necessary to express the
probabilities of exposure scenarios quantitatively. While the term
·probability" is usually defined in terms of relative frequency of occurrence,
the conventional system for assigning probabilities breaks down 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

~... ..
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assess as broad a base of expert opinion as reasonably possible. The use of
subjective probability 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 fo7' demonBtmting compliance r.n.th the individual risk
i'equii'ements using pi'edictive mathematical models·need not exceed
10,000 yeai's. Whei'e pi'edicted risks do not peak befOi'e 10,000
yeai's, thei'S must be i'easoned al"gWllents that beyond 10, 000 yOOi'S
the mte of mdionuclide i'elease to the envii'Onment r.n.ll not
su¥enly and di'amaticaZZy inci'ease, and acute mdiologica1. risks
~i1.1. not be encountei'ed by individuals.

Demonstration that a radioactive waste disposal facility complies with the
individual risk requirements can only be 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. In general,
these uncertainties will increase as the period of prediction increases. On the
other hand, the uncertainties are partially offset in th~t the potential hazard
associated with radioactive 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 in the far future
may be subject to considerable error, given that environmental modelling is a
key part of risk assessment. For example, if severe changes in global climate
were to occur, the human environment would also drastically change from that
which exists today. It is therefore considered appropriate for regulatory
decision-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
radioactive wastes, the options for their 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 aie all that are necessary. This is particularly
true where radioactive 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 sCrface phenomena and that are likely to remain 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
in the rate of release ~o the environment viII not occur, acute doses will not
be encountered by individuals and that major impacts will not be imposed on the
biosphere.

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 glacial
episode viII commence as early as several to tens of thousands of years from
now. In the event of glaciation, it ~an be expected tbat near-surface wastes
in Canada viII be dispersed 'and diluted' in the environment by the movement of
ice sheets. It is also reasonable to assume that humans would avoid a heavily
glaciated region during an,ice age although they vould 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 example, the
evidence suggests that a deep geological repository for nuclear fuel wastes in
hard crystalline rock would not be breached by the erosional effects of
glaciation, although the regional groundwater flow system would likely be
modified.

5.4 Output From Predictive Modelling

Calculations of individual nsks should be nnde by using
the nek convel'sion fa.ctol' of 2 :z: 10-2 pel' sievel't
and the pl'obability of the e:z:posul'e scenano with either:

(a) the annual individual dose- calculated as the Output from
deterministic pa.t~ys analysis; or

(b) the anthmetic mean u:zlue of annual individual dose
f7'OTll the distnbution of individual doses in a yeal'
calculated as the 'output fl'om pl'obabilistic analysis.

There are two general approaches to mathematically modelling the long-term
performance of waste disposal facilities, but it must be recognized that in
either the deterministic or the p,obabil1stic approach the r~sults can only
represent an approximation of the consequences, were releases' of radionucl1des
to occur. Confidence in the modelling output must then derive from a thorough
examination of the assumptions, input data and mathematical wodels constructed
to represent the release and transport of radionuclides and the subsequent
exposure of individuals. Such an examination can be accomplished by a
combination of several complementary methods. These include:

(a) 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 independent experts; and

(d) Intercomparison of various modelling approaches.

In the traditional deterministic approach. a single value for each of the model
parameters is selected from a range of input 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 overestima~e the potential dose~ 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 in a rational manner. Where
complex systems ~re being modelled, sensitivity analyses should be conducted to
invest1gate 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 probabilistic assessment techniques 1n
whieh 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 1s obtained which represents the,spread Bnd
variation of outcomes as a result of variability and uncertainty in input
paramater values for a particular scenario. This approach has certain
advantages over the traditional deterministic approach by prOViding more
Info~tion_ 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 is 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 aSGumptions ancl..model parallleters on
the mean value of dose. The latter should then be combined With both the
probability of the exposure scenario and the risk conversIon factor for
comparison with the individual risk requirements.

By calculating the arithmetic mean value of the frequency distribution of dose,
the significance of the extreme values may be overlooked. Since some of these
could conceivably result from combinations of reasonable parame~er 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 baving the sa~e mean 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 a dose of 1 mSv per year to take account of normal statistical
variations which are inherent in the probabilistic assessment process. However
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the choice of the general risk requirement takes account of this since a 5%
occurrence of a dose of I mSv corresponds to an average dose of 0.05 mSv. If
more than a 5% level of-occurrence is predicted at 1 mSv or higher doses, then
the criterion for the arithmetic average itself 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 f'6qui7'ed in acco7'<1ance
~th Section 4.3.2. it· should take account of all
7'~levant rodiological and non-rodiologica.l facto7's.

( I'"
J

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 met 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 guide broader choices 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 t '
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,
tranaportation, the nature and length of any institutional controls and the
susceptibility of disposal options 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
1n th1s broad sense does not result in clear or unambiguous choices between
disposal options 1n the lonll term. It is for this reason, and the fact that the
general r1sk requirement is so low, that optimzation bas not been given a
prominent role in this document.
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