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FOREWORD

The IGSC (Integration Group for the Safety Case) is an international expert group that was
launched four years ago. The IGSC takes initiatives in the area of confidence-building in repository
technical safety cases (SC) and their underlying methodological and scientific bases for the purpose of
decision-making in repository development. In particular, the IGSC focuses on the strategic and 
methodological issues of preparing a safety case, the integration of the science that is the basis for a
safety case and on the development of that scientific basis.

In the past three years, definite progress has been observed mainly in technical aspects of 
planning and performing long-term safety evaluations of repository systems. Moreover recently, it has 
become increasingly evident that repository development will involve a number of stages punctuated 
by interdependent decisions on whether and how to move to the next stage. These decisions require a
clear and traceable presentation of technical arguments that will help in giving confidence in the
feasibility and safety of the proposed concept. The depth of understanding and technical information
available to support decisions will vary from step to step and to that extend a  safety case is a key item 
to support the decision to move to the next stage in repository development.

Geological disposal is conceived as passively safe, and post-closure safety must rest on the main
protective functions of waste isolation and of the limitation and retardation of radionuclide release.
Beginning in the period prior to the construction and possibly continuing up to closure and even 
longer, monitoring of various site and related repository parameters may be part of strategy for the
safety case and will help in the review of continuing work.  Monitoring may also be implemented to 
assure societal comfort and acceptance.  Some organisations are being in the process of formulating
ideas and guidelines concerning monitoring strategy and activities that could be conducted.

Therefore, the Topical Session reported here sought to confirm the need to start thinking about
the place of the monitoring in the context of a safety case and to hear from within the IGSC the status
of knowledge related monitoring developments in member programmes through a series of
presentations on the “role of monitoring in a safety case.” This topical session was organised in the
framework of the 6th meeting of the IGSC, held in Issy-les-Moulineaux, France, on 3 November 2004.

39 participants represented national waste management organisations and regulatory authorities
from 15 NEA member countries, the IAEA, and the European Commission (EC). The main issues of 
interest were:

National strategies and how organisations handle monitoring when making a safety case. 

Which role monitoring plays when making a safety case; presenting a safety case; and taking 
decision.

What the expectations are from regulators.
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Therefore the aims of the topical session were:

to provide the key monitoring issues of interest to build confidence in a safety case
(e.g.: relationship with the post-closure phase, functions, requirements);

to determine any actions to be carried out by the IGSC on the elements of a safety case with
respect to the monitoring issue. 

The presentations showed the progress and remaining questions that could be underscored by 
the relevant national organisations in developing strategy for handling monitoring. They also confirm
the interest in trying to achieve a common view on that topic and in particular on the
definition/interpretation of the word “monitoring”.

The proceedings summarise the oral presentations both from implementers, regulators and
international projects. They also present the key findings in particular the observed commonalities and 
differences between NEA member countries on the role of monitoring and of its interpretation in terms
of handling and programme of works.
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1. INTROUCTION

Assessments of the safety of proposed geological repositories are a key input to the decision-
making process regarding the development of these facilities. Accordingly, implementing and
regulatory organisations in many of the OECD/NEA countries are involved in the investigation and
resolution of issues associated with repository safety and the NEA has been concerned with this issue
for several decades.

Most current repository development programmes envisage that repository development will 
occur in an incremental fashion, with decisions being taken by national authorities at several steps in 
the development process. It may be envisaged that safety assessments will become progressively more
refined at successive stages of the development process, with an expectation of increasing levels of 
confidence that the assessed levels of safety can be realised in practice.

Repository development programmes in different countries are always at different stages and
may be addressing disposal in different geological media using different approaches; therefore
opinions can be expected to vary on where key issues remain for a given programme at a given time. 

In accordance with current terminology, the safety case for a proposed facility should present
the results of the safety assessment together with an illustration of the level of confidence in the
results. The safety case should also discuss how levels of uncertainty may be reduced in succeeding
development phases. 

Within the NEA, the IGSC has, as an essential role, to develop common views on the elements 
of the safety case. Therefore, since the inauguration of the IGSC in 2000, six meetings were organised 
with topical sessions to explore several of these key aspects. The concept of a “safety case” has been
progressively clarified in a series of initiatives undertaken by the NEA in the past decade, which 
culminated with the publication of the NEA document on building confidence in a long-term safety
case [NEA 1999] and the brochure on the post-closure safety case for geological disposal [NEA 2004].

Generally speaking, the safety case is considered as one of the key requirements in a national 
repository development programme. To fulfil its role, it needs to be structured, technically argued, and 
supported, with a clear link to the step-wise decision-making process such that the level of confidence
supports the commitments to be made at each relevant step. Deep geological disposal is conceived as 
passively safe and post-closure safety must rest on the main protective functions of waste isolation and 
of the limitation and retardation of radionuclide release. Beginning in the period prior to the
construction and possibly continuing up to closure and even longer, monitoring of various site and
related repository parameters may be part of strategy for safety case and will help in the review of 
continuing work without compromising the long-term safety. Monitoring may also be implemented to 
assure societal comfort and acceptance.

Monitoring may include confirmation of the high quality of the engineered barrier systems and 
of the host formation and/or information about their responses to the construction, operation, or
presence of the repository. The plan for monitoring should be carefully considered during the period of 
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site characterisation that precedes it, and most countries that are involved in the development of deep 
geological repository for radionuclide waste are in the process of formulating ideas and guidelines 
concerning why, when, and what monitoring activities should be conducted. An important
consideration is also how these activities could be undertaken and how they could be reported in a 
transparent and comprehensive plan for programme development.

The first step in this process of defining a monitoring programme is to define what “monitoring”
means in terms of the needs to be satisfied and the activities to be performed. Some national and
international organisations have been working to provide such definitions, and some are now planning
a programme of work to address the identified needs.

This report summarises the outcomes of a topical session focused on the role of monitoring in a
safety case. It was held as part of the 6th plenary meeting of the IGSC. This session took place in 
Issy-les-Moulineaux, France, on 3 November 2004. It was attended by 39 participants, representing
waste management organisations and regulatory authorities from 15 NEA member countries, the 
IAEA and the European Commission.

The main purpose of this topical session was to create a platform for exchanging views on the 
key monitoring issues of interest to build confidence in a safety case e.g. relationship with the 
post-closure phase, functions, requirements, and to determine to what extent the main actions are to be
addressed by the IGSC on its ongoing activities on defining the elements of a safety case. 

The topical session was indeed mainly aimed at exchanging information on: 

National strategies or programmes in NEA members’ countries. Member countries have 
organisations planning their own strategy, but some are already, to some extend engaged in 
implementing monitoring activities, e.g. Posiva Oy, US-DOE-YM, Andra.

Feedback from international projects, e.g. the EC Thematic Network on “The role of 
Monitoring in a Phased Approach to Geological Disposal of Radioactive Waste”, and the
IAEA programme of work.

The expectations of regulators, e.g. SKI. 

Part A of this document summarises the material orally presented and provides the main lessons
drawn from the presentations and the discussions that followed them. The overheads presented are
compiled without any further elaboration by the NEA Secretariat as Part B of the document. Part C 
gives the list of participants. It is hoped that the document as a whole provides a synthesis of current 
issues in monitoring of a deep geological disposal facility. 
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2. SUMMARY OF PRESENTATIONS

a. Why monitoring?

As stated by J. Alonso, ENRESA and chairman of the topical session, safety assessments are
performed periodically throughout successive repository phases such as planning, construction, 
operation, closure and post-closure. They are used to develop and progressively update a safety case,
which is a formal compilation of all the evidence, analyses and arguments that substantiate the claim
that the repository is safe. A safety case becomes more and more comprehensive and robust as a result
of the work carried out and the experience gained including any pre-closure monitoring phase. As part
of the step-by-step approach to repository programme development, various stakeholder groups such
as regulators (compliance), implementers (support of safety case) and other stakeholders (confidence)
call for a large amount of data and information on the site and the repository system. Monitoring
programmes can contribute to these needs.

Various types of monitoring can be foreseen with respect to the following main objectives:
(i) characterisation (e.g. modelling; system definition), (ii) compliance with requirements, and (iii) 
performance confirmation (agreement with predictions). Safety after closure is provided by the passive 
protective functions of the geological environment and the engineered barriers. 

The monitoring programmes need to be adapted to several constraints:

The long-term performance and protection goals set limits to what kind of measurements can 
be carried out in current or successive phases of repository development. Monitoring devices 
and monitoring activities shall not represent an undue risk to those fundamental goals.

Long-term (post-closure) safety should be independent of the monitoring activities 
(requirement on passive safety). Monitoring provisions should not be regarded as a basis for
relaxation of that principle.

The state-of-the-art in technology, and the course of technology development, set limits to
what is possible now and in the future (the need is to apply available technology appropriate 
to the purpose).

The slow evolution of key processes (that could last for more than thousands of years) sets
limits to what can be observed through practical monitoring programmes (e.g. using mock-
up, experiments in URL or in repository itself).

There are obvious limits to the number of locations where the data can be obtained through
monitoring. The quantification of the spatial distribution of any entity is in general made by
indirect means (e.g. modelling).
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The key considerations as regards to monitoring are:

The definition of the monitoring strategy and related programme (When? Why? What? 
Where and How?).

The soundness of the monitoring programme through a clear identification of its purpose, its 
limitation and its contingencies.

The balance between data demands and constraints.

b. What does monitoring mean?

From the oral presentations, various definitions or categorisations are being suggested according 
to the national context and corresponding objectives for monitoring. In some cases, additional words 
e.g. “surveillance, compliance monitoring, observation...” are utilised in order to better distinguish
each of the aims of monitoring activities. In addition, other languages may not have exact matches to 
any of these English-language terms. The followings list an example of definitions from the various 
presentations:

OPG definitions “see report N° 06819-REP-01200-101106-R00”

“Monitoring is the continuous or intermittent observation and recording of condition; in
the case of a Deep Geological Repository three categories are suggested:

- Baseline Monitoring: to collect initial data about the site conditions for a deep 
geologic disposal (DGR) facility before any significant site disturbance has occurred in
order to have a baseline with which to compare all subsequent compliance and 
performance monitoring observations and measurements.

- Compliance Monitoring: to ensure that all institutional control long-term (LT) 
requirements for a DGR are met that involve worker, public and environmental safety. 

- Performance Monitoring: to assess the LT validity of the implemented design for a
DGR relative to its specific requirements and its intended purpose and to build 
confidence in the understanding of physical and chemical behaviour processes.” 

Andra definitions “see slides of the oral  presentation at the topical session”

“Three main motivations: 

• Respect of operational safety and regulatory requirements 
• Acquisition of data to allow a deeper understanding of processes; models and

parameters for LT safety
• Reversibility

Two main distinctions:

• Observation: linked to giving information for scientific and engineering
understanding and the reversibility process 

• Surveillance: for operational safety (Classical and nuclear operational safety 
“Early warning” allowing for needed flexibility to conduct
unscheduled maintenance work)”
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EC definition “ ref: EUR 21025 Thematic network on the role of monitoring in a phased
approach to geological disposal of radioactive waste”

“The monitoring is continuous or periodic observations & measurements of engineering,
environmental, radiological or other parameters and indicators/characteristics, to help 
evaluate the behaviour of components of the repository system, or the impacts of the 
repository and its operation on the environment, and to help in making decisions on the 
implementation of successive phases of the disposal concept”.

IAEA definitions

In the IAEA TECDOC 1208 report on “Monitoring of geological repositories for high-level
radioactive waste” of 2001, monitoring is: “continuous or periodic observations or 
measurements of engineering, environmental or radiological parameters, to help evaluate 
the behaviour of components of the repository system, or the impacts of the repository and 
its operation on the environment.”

In the IAEA Safety Series report No. 35, on “Surveillance and Monitoring of Near Surface 
Disposal Facilities for Radioactive Waste” of 2004, monitoring is defined as “The
measurement of dose or contamination for reasons related to the assessment or control of
exposure to radiation or radioactive substances, and the interpretation of the results” and
surveillance is defined as “Activities performed to ensure that conditions at a nuclear
facility remain within the authorised limits. For a near-surface repository, surveillance 
normally continues past the periods of operation and closure”. 

c. How is monitoring handled in national programmes?

In Finland, Posiva’s technical concept for spent fuel disposal is based on passive safety. After 
the disposal is done, the plan is to close and seal all the access ways to the repository, and the design 
of the repository system should provide all the necessary safety functions after that. Passive safety is 
also required by the existing rules and regulations in Finland. Nevertheless, both the Nuclear Energy
Act and the specific regulations foresee the possibility of some kind of post-closure monitoring for 
some period of time. The reasons for these stipulations seem to be related mainly to the safeguards
needs, but in the discussions around the Environmental Impact Assessment the desire for long-term 
monitoring was also related to safety purposes. In any event, according to the present rules the 
responsibility for post-closure monitoring is left to the State. 

Taken the present rules and regulations, Posiva Oy is not planning to rely on post-closure 
monitoring in the safety cases that will be prepared for the application of the construction license. 
However, Posiva Oy has implemented a programme for monitoring the effects of the construction and 
operation of the ONKALO underground rock characterisation facility, the excavation of which started
in September 2004. Particular monitoring needs arise from the fact that the ONKALO is being 
constructed at the actual repository site and it is intended to become a part of the repository.

The main objectives of the ONKALO monitoring programme are related to the need for 
observing and controlling the changes that will occur in the host rock and surface environment
because of the construction and operation activities. The pumping of the inflowing groundwater from
the ONKALO means that the ONKALO also acts as a large-scale pumping test, and the monitoring 
system is needed to collect the information about the related hydraulic and geochemical response of 
the environment.
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The monitoring programme extends to several areas: Geohydraulic, hydrogeochemical and rock
mechanical measurements are carried out to follow the changes in the bedrock; in addition an 
extensive programme is devoted to monitoring possible effects in the surface environment. The main
concern is about possible changes in groundwater salinity in the repository host rock. The inflow to
the tunnel will probably lead to an up-coning effect of the more saline groundwater under the planned
repository. One important objective of the monitoring system is to enable early warning about major
changes in the salinity conditions. 

In the present mode the role of the ONKALO monitoring system is mainly confirmative and
controlling: confirmative as it may increase understanding of the function and long-term relative 
stability of the host rock; controlling as it enables early observation of changes with negative bearing 
on long-term safety. Whether it could also be used to provide support for some performance models of 
the EBS is yet to be developed. In any case, at the moment the direct monitoring of repository
performance is not considered possible without seriously compromising safety functions of the 
disposal concept. Of course, technical developments may change the situation in the future. Posiva Oy
is monitoring such developments internationally.

In US, and in particular for the DOE Yucca Mountain repository, monitoring is considered
to be a significant element in the Performance Confirmation (PC) programme that focuses on the
performance and functionality of the disposal system for the purposes of the licensing decision. Other
testing and monitoring programmes may deal with other considerations such as increasing confidence
or system optimisation aspects.

The purpose of the performance confirmation is:

to develop a program of tests, experiments, and analyses to evaluate the adequacy of 
the information used to demonstrate safety , and 

to demonstrate that the system and the sub-system components (i.e. barriers) are 
operating as anticipated.

The performance confirmation activities are classified depending on their purpose e.g. 
engineering testing and evaluation (to verify the robustness and performance of engineered barriers),
science testing and evaluation (to confirm modelling capacity, data etc.). For the license update to
allow closure, there is a need to show that safety is still to be expected after closure, and that what has 
been said has been done.

US-DOE has developed a decision analysis approach with aims as followed:

to provide a consistent and sound  basis for evaluating and comparing performance
confirmation activities;

to use a formal multi-attribute utility analysis in its first phase to develop test and monitoring
“portfolios” and in the second phase for management use. Phase one aims to assess the 
candidate activities against activity evaluation criteria (defined by the initial workshop 
participants consisting of technical investigators and performance assessment (PA) analysts
and managers). During dedicated workshops, those participants estimate the utility of a 
specific activity, PA managers providing the necessary management value judgements by 
reviewing the overall utility. Phase two aims at developing and evaluating alternative 
portfolios (each candidate activity must demonstrate compliance with basic regulatory 
requirements and additional requirements such as cost-effectiveness, regulatory robustness 
and coverage). Phase three consists of selecting portfolios, and phase four consists of 
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updating the program by, for instance, adding one or more activities on the basis of new 
information (flexibility principle).

The performance confirmation activities plan will be regularly revaluated and updated.
Actually, from twenty activities, eleven were begun during the site characterisation (e.g. unsaturated
zone testing) two of them will be carried out during the construction phase (e.g. seal testing) and seven
activities will begin during operations (e.g. corrosion testing, drift inspection).

The path forward for the Yucca-Mountain-DOE performance confirmation is mainly to define 
activities (what, when, where and how), to establish the expected baseline for performance
confirmation activities (required by regulator), to identify and develop test plans and procedures, to 
develop an integration group to asses data as a whole, and to define process for defining, detecting and 
reporting variances and for deciding on the appropriate action. 

In France, with regards to the monitoring of a reversible repository in a clay host formation,
Andra utilised international references as input to develop its own strategy and program, e.g. IAEA 
TECDOC 1208 and DS-154 2004, NEA 2001(reversibility and retrievability), EUR 21025 EN. 
Additionally, the French safety rule RFSIII.2.f, which aims to provide guidelines but is not a 
regulatory requirement, deals with “general provisions concerning explorations”. The RFSIII.2.f
distinguishes between exploration conducted from the surface, investigations to be carried out in the
Underground Research Laboratory (URL) and monitoring of changes in the site while the repository is 
in operation.

The monitoring programme responds to the three main motivations:

1. the respect of operational safety  and regulatory requirements;

2. the acquisition of data to improve the understanding of processes and parameters underlying
the long term safety assessment; and

3. reversibility.

In that respect, Andra defines monitoring terminology by distinguishing two main activities: 
(i) observation (for scientific and engineering understanding and reversibility) and (ii) surveillance
(related to operational and long term safety).

Surveillance to contribute to the operational safety of a repository, e.g. surveillance of drift 
stability, fire and radiological hazards, is in line with other classical and nuclear operational safety
principles and practices.

Surveillance to contribute to long term safety can provide input to periodic re-evaluations of the
safety analysis of a geologic repository, with a view of improving system understanding and
confirming data in situ, prior to final closure of the repository. As such, it is in line with the usual 
regulatory guidance for Nuclear Power Plant (NPP) facilities. While it will not provide direct data on 
the long-term evolution of the system, it may provide some data, for example related to initial
conditions or to an early transient phase, for implementation into long-term evolution models.

This type of surveillance should not be considered as a way to compensate for the lack of 
knowledge at a previous stage. Indeed, enough confidence in models and parameters contributing to a 
safety case will have been acquired, for instance in a URL, prior to authorisation and operation of a
repository. Such prior knowledge, however, can not be tested on the full pre-closure time scale or
length scale of a repository.
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The observation of host rock and repository component evolution provides information to
stakeholders throughout the pre closure period. Such added knowledge may contribute to improve
stakeholder confidence in the process. It is taken into account to support the decisions pertaining to a 
step-wise, reversible repository management. For example, it may support a decision for disposal cell
closure, it allows evaluating the feasibility of waste retrieval at successive stages of a stepwise closure,
and it may contribute to update the design of disposal cells or access drifts yet to be built. 

Monitoring activities are subject to repository-specific constraints such as: materials must not 
interfere with operational safety; material must not reduce long term safety significantly; materials 
must operate under expected environmental conditions. The establishment of monitoring activities will 
draw on similarities with other systems that are subject to monitoring activities (e.g. monitoring of
concrete and clayey structures in dams, steel structures in pipelines, railway tunnels, etc.). The key
lessons from those activities point to the importance of the correct interpretation of measurements and
the need for redundancy, as well as for pre-testing and careful installation of monitoring equipment.
The selection criteria for adequate monitoring methods include safety, robustness and ease of
integration in an automatic data acquisition network. 

Andra outlined a potential and preliminary monitoring strategy, as part of a repository
feasibility study. It is based on available experience gained in other large civil engineering projects.
Some of the key elements are as follows. The strategy acknowledges the need to compromise between
needs and constraints. It focuses monitoring efforts on a few representative waste disposal cells. It 
takes into account the evolving nature of a monitoring programme throughout the step-wise process of 
the pre-closure period. The long term performance of safety functions should not be degraded by 
monitoring equipment and activities. 

As a conclusion, monitoring can be viewed as a way to inform the safety case and to provide 
additional arguments to build confidence in a safety case. It also helps to assess regulatory compliance
during the operation phase in line with other nuclear and other classical practices. However,
monitoring during the operational period is not intended to support the pre-operational safety case and, 
therefore, it does not aim to compensate for a lack of confidence in the results of the site 
characterisation, or the URL experiments. Monitoring is an additional level of the defence-in-depth 
approach, using technical know-how when available and adapting it to the specific context of deep
geological repository.

In Canada, the deep geological repository (DGR) concept presented for a federal 
environmental assessment (study from 1990-1997) included an overall monitoring approach, which 
avoided intrusive long-term monitoring that could compromise system safety. A review panel
considered that the concept was technically safe but stated that “… a system of early detection of
failures, inside the vault or close to it, should be built into the defence-in-depth approach.” It was 
recommended that a “modified AECL concept” be adopted, which would include better technologies
for safe post-closure monitoring and retrieval. Presently, there are no specific regulatory expectations
on monitoring for a DGR; CNSC S-224 provides expectations on nuclear facility environmental
monitoring.

In accordance with the two main repository programme phases, two categories of monitoring
could be defined:

1. The pre-closure monitoring with the following objectives:

- Obtain data to assess site suitability and establish baseline for identifying repository 
effects.
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- Demonstrate that repository meets regulatory compliance, performance, and safeguards
requirements.

- Detect performance problems so that corrective actions can be taken.

- Allow stakeholders to gain sufficient confidence in performance/safety of repository to
proceed to closure. 

2. The post-closure monitoring with the following objectives:

- Demonstrate that the repository continues to meet compliance, performance, and 
safeguard requirements.

- Support assumptions made in the safety case. 

- Detect anomalous behaviour so that remedial actions can be taken as necessary.

- Allow stakeholders to gain confidence in safety of the closed repository. 

OPG’s strategy on monitoring consists of an approach that covers all phases including long-
term monitoring options.  This would be a staged approach, with detailed/invasive tests early, and then 
gradually less intensive/intrusive monitoring as confidence is increased in the repository performance.
There would be an extended monitoring phase after operations (e.g. 70 years) in which underground
access would be maintained. After closure, any further long-term monitoring would not compromise
the passive safety.

d. What are the regulatory expectations on monitoring?

Considering regulations expectations in Sweden, SKI presented an example of the evaluation
of the role of monitoring in the context of performance confirmation (PC) for the engineered barrier 
system. A series of long-term experiments in the Äspö hard rock facility (prototype repository, backfill 
and plug test, long-term buffer experiments) have PC related objectives even if PC does not have a
formal role in the same way as in the US programme (PC is defined in USNRC 10CFR Part 63 as: 
“the program of tests, experiments and analyses, conducted to evaluate the adequacy of the 
information used to demonstrate compliance with long-term safety standards for a geological
repository.”) The performance confirmation is not mentioned in the Swedish regulations and on
monitoring SKIFS 2002 merely provides the following requirement “the impact on safety measures 
that are adopted to facilitate monitoring or retrieval ... shall be analysed and reported…”

A series of workshops about KBS3-EBS has been organised by SKI in order to evaluate
different aspects of SKB’s programme for development of engineered barriers. In view of testing the
performance confirmation (PC) approach to the Swedish context, one of them considered the 
performance confirmation related activities at the Äspö facility. The other workshops have considered 
the isolation concept in general and manufacturing as well as testing.  The format of these workshops
consisted of presentations, questions and informal hearing of the implementer SKB and a summary of 
SKI’s impressions from SKB’s responses.

The presentation focused on main conclusions of the workshop dealing with the performance 
confirmation for the engineered barrier system that took place in 2004. Even direct confirmation of
long-term safety can not be achieved, information about certain aspects of the EBS evolution can
probably be achieved within a reasonable timescale (early saturation behaviour, thermal evolution, and 
early chemical evolution). Such results might confirm or contradict the predictive models.

Performance confirmation and long-term monitoring were in general considered as helpful
methods to reveal any unexpected feature in the behaviour of the key repository components. The 
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experience gained from the PC and other testing has been valuable in the sense that it has increased the
understanding of processes that may occur in a radioactive waste repository and has also enabled the 
development and demonstration of engineered techniques (e.g. canister emplacement). In a mature
programme, almost all activities are related to performance confirmation and may be integrated in a
wider programme of Research and Development (R&D) repository development and safety
assessment. The Swedish regulators will evaluate the PC activities but most probably will not establish
prescriptive PC criteria. Regarding monitoring, it was observed during the workshop that the 
sufficiency of ongoing long-term experiments may depend on the type and intensity of monitoring
during repository construction and initial operation. Monitoring is seen to contribute to confirmation
of site specific models but also to inform a decision to continue from initial operation of the repository
to regular operations. A demonstration tunnel (a temporary facility in a future repository which would
enable e.g. instrumentation of the buffer in spite of real fuel canisters emplaced) should be considered,
since it might be an efficient method to meet PC objectives. With regards to further preparations for 
license application reviews, the workshop suggested developing comprehensive detailed plans tailored 
to the review of each particular application, establishing a working group devoted to issues related to
the buffer and backfill, and assessing in more detail specific examples of SKB’s conduct of
experiments and modelling work aimed at demonstrating predictive modelling capabilities and
confidence building. 

1. International projects on monitoring 

The EC thematic network on the role of monitoring in a phased approach to the geological
disposal of radioactive waste1 brought together expertise from twelve organisations from ten countries.
It was started in 2001 following on from an earlier EC study of retrievability and reversibility (EUR
19145 EN), and completed in 2004 with publication of the final report (EUR 21025 EN).

The project mainly aimed to:

Understand the approaches to monitoring in each national programme and their dependency
on concepts & approaches.

Distil consensus views and recognise alternative approaches to monitoring.

Share technical knowledge and experience. 

Communicate views and experiences.

Participants from the projects looked at various definitions of monitoring in relation to a phased 
approach to disposal, and achieved a consensus on the following: “Continuous or periodic 
observations & measurements of engineering, environmental, radiological or other parameters and 
indicators/characteristics, to help evaluate the behaviour of components of the repository system, or
the impacts of the repository and its operation on the environment, and to help in making decisions on
the implementation of successive phases of the disposal concept”. That definition is mainly based on 
an IAEA definition with a few modifications and, in particular, by adding the fact that monitoring has
a role in making decisions. Various alternative approaches to make decisions and achieve goals were
analysed and the need was stressed for a flexible schedule with a degree of concept flexibility.

1. Excerpt of the NEA confidence document of 1999“discrete, easily overviewed steps [that] facilitate the
traceability of decisions, allow feedback from the public and/or representatives, promote the 
strengthening of public and political confidence in the safety of a facility along with trust in the
competence of the regulators and implementers of disposal projects.”
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The project achieved a consensus on the following principles:

(i) monitoring has a role in underpinning and verification of operational safety (compliance
monitoring);

(ii) long-term (post-closure) safety must be assured by design

it cannot rely on monitoring, although monitoring may be implemented for other 
reasons

monitoring must not be detrimental to long-term (post-closure) safety

(iii) monitoring within a phased approach to disposal will inform decisions about moving to 
the next phase, and will need to encompass wider societal considerations;

(iv) monitoring post-closure may be implemented – it will be maintained for as long as society
requires.

The project also provided the following relevant reasons for monitoring: part of scientific 
investigation programme, safety demonstration, regulatory requirements, nuclear material safeguards,
confirmation of key assumptions (in view of post closure safety) and confidence building.

As conclusions the Thematic Network achieved the following main findings:

technology for monitoring already exists and is being implemented in various national
programmes. Technologies do have limitations however and these need to be understood; 

the monitoring activities will be different according to the phase reached within the phased 
disposal programme, and implementers should recognise that the monitoring objectives and
techniques will change as they progress through the various phases; 

monitoring activities should be implemented within the framework of a strategy developed
to meet the needs of the national programme and societal expectations.

The IAEA provided information on various reports on monitoring issues that are in progress or
close to publishing. Monitoring is viewed through safety standards, e.g. RQ 20 on geological disposal. 
In that document, two paragraphs present the place of monitoring within the step-by-step process, 
aiming to avoid compromises with the overall level of post-closure safety.

The IAEA is developing a new safety guide DS-334 on geologic disposal discussing the whole 
life cycle of a geological repository including the safety case and design development, site
characterisation, construction, operation, closure, and the post-closure control of the repository. Some 
sections will also touch on monitoring. Various existing materials are used as sources for establishing 
the DS-334: the DS-62 (its draft is close to completion on strategies for monitoring), the IAEA 
technical report on monitoring (monitoring purposes and using monitoring information) and the safety
report No.35 on “surveillance and monitoring”. This last report looks at the potential linkage between
surveillance and monitoring, going through the various phases. Some definitions of the related terms
are discussed.

The forthcoming DS-334 will be submitted to the Waste Safety Standards Committee
(WAASC) in October 2005 for approval to send to Member States for review. A possible safety report 
on surveillance and monitoring of geological disposal facilities could be then undertaken.
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3. OUTCOMES

Terms and concepts

On the basis of the presentations and discussions at the Topical Session it is evident that various
contents and meanings are attached to terms such as monitoring and surveillance. A distinction is 
usually made between specific monitoring activities and the site characterisation work in general, but 
the distinction is not always there. As noted in the EC report “on the role of monitoring in phased 
approach to the geological disposal of radioactive wastes”, only repetitious observations or 
measurements are usually considered as monitoring.

Further, the term “monitoring” in this Topical Session was mainly used for those tests and 
experiments that were carried out at the real site of the repository, but in some presentations a more
general context was taken. Some participants made a sharp distinction between monitoring and
surveillance – surveillance meaning broadly the same as “compliance monitoring” and only applicable 
to licensees – but this distinction may be partly due to the different usages of similar words in different 
languages.

In addition, it turned out that different definitions were used in various IAEA documents. In
some IAEA documents “monitoring” was narrowly related to doses and contaminants only, whereas in 
other documents a broad definition similar to that endorsed by the EC project was proposed. 
According to the IAEA usage, “surveillance” was only related to monitoring of compliance.

There also seemed to be some differences in how the scope of the topical session was
understood. Some speakers were looking for direct input to safety case from monitoring, whereas 
others included various indirect considerations as well. 

Need for monitoring

There was consensus that pre-closure monitoring is needed. There was also a consensus that the 
case for long-term safety cannot rest on monitoring Indeed, one key issue concerns the possible 
interference of monitoring activities with the performance of the disposal system.

Some regulations explicitly denounce any monitoring activity that might affect (“compromise”)
the long-term safety of the repository, whereas some others leave the door open for some impact as 
long as it is not significant. In some countries monitoring plays an active role for decision-making and
important decisions to move on in the programme will be subject to information from the monitoring
activities. In other countries it may have a more or less complementary or confirming role without pre-
planned connection to the decision-making process. 

However, even in the latter case the programmes will have to allow for the possibility that the
monitoring activities bring out information that needs to be taken into account in the implementation.
In that sense, any fixed or “linear” design is hardly possible in the long-run, instead, all programmes 
have to adapt to new information whenever it may appear (flexibility principle). However, different
approaches to monitoring may be linked to different geologic media: the risk arising from an
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abandoned repository may be less for repositories in clay or salt media where self-sealing is possible
than for repositories in crystalline rock, where an open access way to the repository is not desirable for
passive safety.

Roles of monitoring in a safety case 

The monitoring can play various roles in safety cases depending on the step where the 
programme stands but also on the specific objectives attached to the monitoring programme. Three
types of monitoring objectives may be distinguished:

The compliance monitoring:

- to check that the rules and regulations are followed and the actual construction/operation
take place according to accepted plans and designs, 

- to check that the conditions in the repository and host rock are within expected/approved 
limits, and 

- to ensure that some basic assumptions behind the safety case continue to be valid. 

The monitoring for the explicit support of a safety case: 

- to obtain qualitative evidence and build confidence – or actually confirm the performance 
(Performance Confirmation): This may take place in the actual repository using actual
waste packages or it may be located in a separate testing ground (possibly at the same site 
as the actual repository). In the former case, care must be taken to avoid any harmful effects
on the site or repository. In general, the possibilities for proving the safety functions of the
repository by monitoring activities are judged to be limited by using existing technology,
but future developments may relieve some of the present constraints.

The monitoring to detect system/component failures:

- In many countries, the public is interested in disposal systems that – although passive –
would still be repairable if observed to fail. Therefore there is interest in monitoring that is 
able to detect failures. As noted above, technology may not be available for such purposes
today, but future technical developments may produce some means to that effect. 

Independent of the precise objectives, in the present thinking monitoring activities are
considered as a way to inform the safety case but not as a way to compensate for a lack of data. 
Each decision step must be supported by an adequate amount of information.  Subsequent 
decision steps may be better informed because of monitoring and performance confirmation
type activities, but this does not mean the basis for the previous decision step was allowed to be
inadequate for that step. 

Broader perspective

Besides purely technical reasons, monitoring activities are presently planned as a tool in the 
stepwise process in which programme decisions are tied to the amount of information and the level of 
public trust. Comparisons of the observations from the site or the repository system with the 
predictions and assumptions are thought to contribute to increasing confidence by the public and other
stakeholders including decision-makers in the safety of the repository. Such monitoring activities will
be useful and even indispensable, but, still, the public may call for more. The call may be for direct
demonstration of the repository functions or more control of the future evolution of the repository
system.
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The request for control is generally expressed in the requirements for retrievability or 
reversibility and is consistent with the general trend in societal risk discussion to move from
assessment and acceptance of risks to the management of risks. Instead of mere acceptance of the
proposed risk, means are sought to alleviate the risk should it ever be realized. 

The call for direct demonstration of repository functions or for detection of failures would mean
higher demands on monitoring techniques. So far, it seems that monitoring can give only indirect or
delayed evidence of the correct functioning of the repository system. For more direct proofs new 
technologies should be developed and tested and active decisions would be needed to invest in such 
developments.
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Italy Italy

BUDAY, Gabor (replaced by NAGY, Zoltan) HANUSIK, Vaclav
PURAM VUJE Trnava, Inc. 
Hungary Slovak Rep.

PEKAR, Anton RUIZ LOPEZ, Carmen
VUJE Trnava, Inc. CSN
Slovak Rep. Spain

VIGFUSSON, Johannes (replaced by FRANK, Erik) CHARLES, Christophe
HSK US DOE
Switzerland USA 

ZUIDEMA, Piet (replaced by SCHNEIDER, Jürg) ZVONAR, Cynthia
Nagra US DOE
Switzerland USA 

CADY, Ralph LEVICH, Robert
NRC US DOE
USA USA 

LOUVAT, Didier (replaced by METCALF, Phil) BRUNO, Gérard 
IAEA IRSN 

France
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