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Preface

The Swedish Radiation Protection Authority and the United States Environmental Protection
Agency have followed the international progress in the field of regulation related to dose and
risk for radioactive waste repositories in the post-closure phase. Especialy in the last decade,
there has been considerable progress. International bodies like OECD’s Nuclear Energy Agency
and IAEA have both supported the scientific work in several working groups, e.g. NEA’s Pe-
formance Assessment Advisory Group, PAAG, and IAEA’s work on biosphere model assess-
ment. The NEA, IAEA and the European Commission have al created their own forum for
discussion among waste regulators.

Performance assessments have been used for decades to project the ability of disposal systems
to contain waste. However, caculating effects from a release in a distant future requires not
only scientific estimates, it also requires assumptions to be made about the biosphere and soci-
ety. There can be no scientific bases for predicting the biosphere thousands of years into the
future, and even less for prediction of human behaviour. For this reason, it is valuable that regu-
lators discuss assumptions made in the regulations or in guidance documents. These assump-
tions must be decided at the latest when the license dialogue starts, and in several countries such
decisions have been made or are close to being made.

It is aso important that the regulators make them known to the public and that they are known
among regulators internationally. Although the regulations are consistent with each other, they
often cannot be expressed the same way for reason of legal tradition and formalities. It is there-
fore important that regulators come together and exchange views to extend their perspective on
the regulations.

SSI and USEPA are proud to present the outcome of this international workshop for regulators
on the role of future society and biosphere in demonstrating compliance with high-level radioac-
tive waste disposal standards and regulations.

This report is available as paper version and on CD. The CD version includes appendices E (full
presentations of country reports) and F (full presentations of position reports and papers), which
have been excluded from the paper version.

Mikael Jensen The Swedish Radiation Protection Authority
Ray Clark US Environmental Protection Agency
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1 Summary

This report summarizes the proceedings of a workshop, co-sponsored by the U.S. Environ
menta Protection Agency’s Office of Radiation and Indoor Air (EPA) and the Swedish Radia-
tion Protection Authority (SS1), held September 11-13, 2001 in Stockholm, Sweden. The invita-
tions to participate in the Workshop were primarily extended to authorities in countries with
major nuclear waste programs involving geological disposal and using performance assessment
methodol ogy.

Although much progress has been made, there are still a number of technical and scientific
questions and issues related to compliance assessments for geologic repositories, for which it is
widely recognized that a common view among regulators would facilitate the understanding of
performance assessment internationally. These issues relate to the role of the biosphere and the
society in demonstrating compliance. The main objective of the Workshop was to develop a
common understanding among regulators of the role of society and the biosphere in demonstrat-
ing compliance with the knowledge that issues related to society and the biosphere will gain an
increasing amount of attention in future licensing proceedings.

The desire to formulate transparent requirements is shared by all national regulators. The work-
shop facilitated international communication and information exchange about the biosphere and
society’s role in compliance demonstration by promoting discussions among regulatory author i-
ties regarding the philosophy behind the hedlth criteriain the legal framework of the regulators.
In particular, the co-sponsors encouraged participants to:

Engage in a frank interchange of views of national regulations, enabling regulators to better
understand common elements of various national and international regulations, and to better
explain differences when formulating criteria in different legal frameworks, where such
differencesexist.

Promote discussion and information exchange regarding the review technique of safety as-
sessments in a stepwise process, evaluating preliminary goas and expectation of compliance.

Communicate in an open way the goas and rationae of the regulations and, in particular
cases, experiences in connection with reviews.

Discuss joint initiatives in the area of the biosphere and society’s role in the safety assess-
ment for compliance demonstration.

Communicate results of the discussion to international bodies of regulators, such as the CEC
Regulator’s Club and the OECD/NEA/RWMC Regulator Forum.



2 Introduction

The programs for final disposal of high-level radioactive waste (HLW) have come to a mature
state in many countries. Technical information available to support decisions variesin time and
from stage to stage. There is a strong trend for al waste marnagement ingtitutions to address
issues related to stakeholder confidence. Technical expertise and confidence have been shown
to be insufficient to justify to the general public that geologic disposal is a viable waste man-
agement solution. EPA and SSI originally acknowledged this by co-hosting a conference in
Stockholm in 1998 involving technical issues and stakeholder communication. However, there
are still a number of technical and scientific questions remaining related to compliance assess-
ments for geologic repositories, for which it is widely recognized that a common view among
regulators would facilitate the understanding of performance assessment internationally. These
guestions and issues are related to the role of the biosphere and society in demonstrating com-
pliance. There is no clear international consensus in this area, yet it is obvious that these issues
will gain even more attention in the future, when compliance issues are discussed in the various
national licensing proceedings and in the wider public domain.

Although the ssues of biosphere and society surrounding the repository are important to the
layman, EPA and SS| believe that, at this time, there is a major need for licensing authorities to
discuss the principles involved in their definition in the technical context of compliance demon-
strations. Therefore, EPA and SSI believed that the 2001 meeting would be more productive if
attendance was restricted to regulators. The participants were limited to technical experts able to
represent the national regulator or their support organization, as deemed appropriate by the
regulator.

The International Commission on Radiologica Protection (ICRP) recently made a contribution
in the area of post-closure requirements by its recommendations in ICRP Publication 81. The
publication contains guidance regarding risk or dose levels relevant for — athough not directed
exclusively to — geologic disposal of HLW and spent nuclear fuel (SNF). Work is in progress
within various internationa bodies about the possible response to the views presented in this
report. The existence of promulgated regulations, even before the publication of general guid-
ance, such as ICRP 81, underlines the fact that international consensus work is lagging behind,
and in need of broad discussion.

There have also keen recent advances in biosphere modelling as a result of the efforts of the
Biosphere Model Assessment (BIOMASS) program, conducted by the International Atomic
Energy Agency (IAEA) with the support of sponsors, including operators and regulators, and
involving awide range of participants from many technical disciplines and different social, po-
litical and cultura backgrounds. This program has contributed toward building an international
consensus regarding modelling radionuclide transport within a given kiosphere, and has pro-
vided advice for procedures involved in constructing a reference biosphere model. Basic knowl-
edge emerging from BIOMASS and its predecessor, the Biosphere Model Validation Study
(BIOMQVS), is a necessary condition for a meaningful discussion of the authorities' require-
ments of any calculation involving the biosphere.

Finally, some examples of existing and proposed rules, criteria, and standards were expected to
give fruitful examples for the discussion among authorities. Both the Swedish regulation for
protection of the environment, the US standards and criteria, and severa other regulations,
served as starting points for the discussions.



Each participant presented a ‘ country report’ on the current situation regarding operational and
regulatory development. During the later portion of the Workshop, participants gave presenta-
tions and, in some cases, wrote substantive papers on various topical issues of relevance.

Following each presentation, detailed discussions were held and the participants raised salient
points and commented on issues of concern. The discussions, as well as mutually agreed-upon
steps to be taken in the future are recorded in the report.



3 Overview of the BIOMASS project

Welcome from Dr. Lars-Eric Holm (see Appendix A), Director of the newly named Swedish
Radiation Protection Authority (formerly Ingtitute). Dr. Carl-Magnus Larsson, SS, led the in-
troductions.

Dr. Larsson highlighted the fact that the first workshop of this kind was held in 1998. The 1998
workshop was the first real opportunity to engage stakeholders (industry, regulatory and other
groups) on the topics of the biosphere and high-level radioactive waste disposal. The discus-
sions were constructive and opposing views were discussed openly. Dr. Larsson also stressed
that there has been a fundamental change in how regulators and others are viewing the bio-
sphere, the environment, how society will change and how the biosphere will change over time.
The current focus is on how social and environmental changes in the biosphere will affect each
other.

3.1 An overview of the BIOMASS project
Carlos Torres-Vidal, International Atomic Energy Agency (IAEA)

Mr. TorresVida provided a description of the BIOMASS program, especialy with respect to
Theme 1 on reference bhospheres. Radioactive Waste Disposal. BIOMASS Theme 1 aims to
develop the concept of ‘ Reference Biosphere' into a practical system for application to the as-
sessment of the long-term safety of geological repositories for radioactive waste. A primary goa
of the program is to develop a subset of example reference biospheres, which can provide a
useful point of reference as broadly applicable indicators of potentia radiologica impact for
radionuclide releases occurring in the long term. A key measure of BIOMASS Theme 1 success
was the request by the U.S. Department of Energy (DOE) for, and subsequent completion of, a
peer review by the IAEA of the Y ucca Mountain project biosphere-modelling program.

BIOMASS is a complicated program, but 20 Working Documents have been produced, and are
included on a CD ROM, along with draft technical materias and the project schedule.

The Reference Biosphere Methodology is the result of discussion from many interested parties.
Sponsors included are:

Agence Nationa pour la Gestion des Dechets Radioactifs (ANDRA), France

British Nuclear Fuels plc (BNFL), United Kingdom

The Centers for Disease Control and Prevention, USA

Commissariat al’ Energie Atomique (CEA), France

Centro de Investigaciones Energeticas Medioambientales y Technologicas (CIEMAT), Spain
Empresara Naciona de Residuos Radioactivos SA (ENRESA), Spain

The Food Standards Agency, United Kingdom

The National Cooperative for the Disposal of Radioactive Waste (NAGRA), Switzerland
Institut de Protection et de Surete Nucleaire (IPSN), France

United Kingdom Nirex Ltd. (Nirex), United Kingdom

Japan Nuclear Cycle Development Institute (JNC), Japan



Studiecentrum voor Kernenergie/Centre d'Etude de I'Energie Nucleare (SCK.CEN), Bel-
gium
The Swedish Radiation Protection Authority (SSI), Sweden.

It provides a structure for analysing the biosphere, bearing in mind the big problems of making
assumptions for biosphere change, due to natural and human influences. Mr. McKenney and
Dr. Larsson commented that the BIOMASS methodology can and should be applied to bio-
sphere analysis for issues other than just deep geologica disposal.

Justification for the system and details about how to best describe the biosphere system are im-
portant outputs from BIOMASS. BIOMASS also provides guidance on developing bases for
assumptions about critical and other hypothetical exposure groups and guidance on the applica-
tion of data. The problem is one of choosing parameter values. The assessment context helps by
advising on issues such as cautious or redistic assessment requirements, but the Data Protocol
outlines a procedure that helps determine where the always-limited resources should be spent on
improving data assumptions. This means spending most resources on important, but uncertain,
processes. These are difficult to identify generically, presenting a problem for BIOMASS as to
where to spend resources. A message for the future is to use previous assessments (appropri-
ately) thereby focusing resources more effectively.

The sequence of example reference bospheres, from very smple to more complicated, illus-
trates how to use the methodology. But the examples also provide useful details about the types
of modelling (even an international point of reference for how to do the modelling). Further-
more, at least for the well-understood scenarios 1 and 2A (agricultural use), the quantitative
results are good points of reference. For Example 2B (natural groundwater release to agricu-
tural and semi-natural systems), the quantitative results are aso valid for use elsewhere, but they
should only be interpreted when taking into account the details of the geosphere-biosphere inter-
faces, which can vary locally. So in this case, the models can be viewed as points of reference,
but it is important to take local parameters, e.g., groundwater flow, into account, when applying
results locally.

3.1.1 DISCUSSION

Dr. Clark inquired about what |AEA is doing next in terms of using the output and outcomes of
the BIOMASS project. Mr. Torres-Vida indicated that he will be developing a ‘ safety report’
on how to apply the findings, but he is not certain when this will be available or what the report
will contain.

Dr. Larsson agreed that a safety document is required, because so many countries are in the
process of making decisions on repositories. There is a need for a safety report on how to con-
duct the biosphere assessment.

Mr. McKenney and Mr. Clark commented that the United States has required release rate limits
in addition to individual dose but then shifted to only individual dose for Yucca Mountain in
response to Federd legidation and public comments.

Other participants raised concerns about the principles behind the assessment. If the model is
not predictive in nature, why not adopt a very different basis? Mr. Torres-Vida responded that
any given repository will affect the system in different ways, but future societies will be able to
respond in a sustainable way using the BIOMASS methodol ogy.



4 Country reports

4.1 Mr. Ray Clark, U.S. Environmental Protection Agency (EPA)

Mr. Clark provided a description of 40 CFR Part 197, EPA’s standards for the Y ucca Mountain
site and the waste issues (see Appendix E for full presentation). The potential storage and dispo-
sal facility will not just house HLW and SNF, but could also contain other wastes and excess
plutonium. Highlights include:

History of Part 197: The 1992 Waste Isolation Pilot Plant (WIPP) Land Withdrawal Act
exempted Yucca Mountain from EPA’s generic standards. Congress also passed the Energy
Policy Act (EPAct), which required EPA to set standards for Y ucca Mountain and establish a
limit on individual dose.

Public Inpuit.

Outline of the Standards:

— Storage

— Disposd.

Storage Standards: 15 millirem/year committed effective dose equivalent (for people outside
of disposal site).

Disposal Standards (Individua Protection).
Reasonably Maximally Exposed Individua (RMEI):

— Hypothetical person; rura-residential living style; has characteristics of people currently
living in the town of Amargosa Valey, Nevada, USA.

The Accessible Environmert is defined as anywhere outside of controlled area. The con
trolled area is defined as no larger than 300 square kilometers. Mr. Smith commented that
much of the analysis that would be done during the performance assessment was already
done during formation of the rule. Thisis unusua and different from other regulatory agen-
cies in the world. Mr. McKenney commented that EPA had to develop a site-specific rule
and had to take into account available data. Further, the definition of controlled area was
changed because of specific (versus generic) site characteristics. Mr. Smith and other par-
ticipants agreed that this approach has implications for the use of society and biosphere in
performance assessments.

Disposal Standards (Human Intrusion): The National Academy of Sciences (NAS) provided
EPA with recommendations to test the ‘resilience’ of the Yucca Mountain disposal system.
Only undisturbed performance (borehole and likely natural events) is considered. The timing
of the intrusion is when drillers would not notice package penetration.

Disposal Standards (Ground Water Protection): EPA made a policy decision to include sepa-

rate groundwater protection standards. EPA used maximum contaminant levelsin the repre-

sentative volume (RV). RV is site-specific driven and is based on annua withdrawal.

Other provisions:

— 10,000-year regulation period: events that have a probability of less than 1 in 10,000 are
not analysed

— Assume that society, the biosphere (except climate) and conditions would stay the same

— Must vary geologic and hydrogeologic.

Five lawsuits filed to date.



4.1.1 DISCUSSION
Y ucca Mountain was exempted from EPA’s generic standards in 1992.

In 1992, Congress passed the Energy Policy Act to set standards for Y ucca Mountain. Congress
required EPA to contract with the NAS to provide technica input for the Y ucca Mountain stan-
dards. The report was completed in 1995.

Changes from the proposed rule are small.

Dr. Larsson asked whether the final rule was changed to reflect changing society/biosphere?
The ‘ Catfish farm’ in the proposed rule implies alot of prescription, especially since the catfish
farm is no longer operationa. Mr. Clark responded that the fina rule (Page 32092) prescribes
assumptions that reflect current technologies and living patterns. Language in the final rule
means that data are current and present (appropriate for reading). RMEI is akin to a critical
group (it is areasonably high dose, but not the highest possible).

Mr. Smith commented that the rule includes lots of site-specific details, e.g., definition of acces-
sible enviranment. These details limit the need for DOE to consider a range of issues, which in
other countries would need to be included in the TSPA. There is no right or wrong answer, but
more analysis has been done in developing the standards than in most other countries.

Dr. Larsson expressed interest in the RMEI definition. Specifically, were the characteristics in
the proposed rule changed? Mr. Clark responded that there were no dramatic changes.

4.2 Mr. Christopher A. McKenney, U.S. Nuclear Regulatory

Commission (NRC)

Mr. McKenney provided a description of the NRC’ s regulatory approach, based on the proposed
postclosure criteria and safety assessment (see Appendix E for full presentation). Highlights
include:

Regulatory Approach: Risk-informed, performance-based criteria; geologic repository must
include a system of multiple barriers. In NRC's approach, it was assumed that legal battles
would be a part of the process.

Proposed Postclosure Criteria

Postclosure Safety Assessment: performance confirmation program begins at construction
phase. This means that during the time of operations and the closure (but before final do-
sure) a number of assessments must be done. The performance assessment isa ‘living docu-
ment’.

Individual Dose Limit: expected annual dose.

Compliance period and viability of 10,000 years.

Reference Biosphere and Critical Group: climatic conditions can vary (from semi-arid to
arid). There is afarming community located approximately 20 km from site. Land use, life-
style, and diet, assumed constant over time. Things that change as a result of cli-
mate/irrigation can change assumptions. Very small numbers of variables are assumed to
change over time. Defendable performance assessment.

Human Intrusion Scenarios are virtually identical to those of EPA.

NRC's primary role is to determine whether license applications comply with NRC regula-
tions and are in accordance with the EPA standards.



4.2.1 DISCUSSION

Mr. TorresVida expressed concern that that biosphere is held constant in the NRC process.
Mr. McKenney asserted that, in fact, the biosphere could change over time. It is primarily hu-
man physiology that is held constant.

Dr. Jensen raised questions on NRC's humarrintrusion scenarios. Does NRC consider any in-
trusions other than drilling, as recommended by NAS? Mr. McKenney indicated that any alter-
nate scenario or receptor that is brought to the attention of the NRC would have to be taken into
account. The ‘expected dose’ term is being removed in the final NRC rule because of confused
interpretations (e.g., expected dose value). Also, ‘permanent closure’ necessarily means that
human intrusion is impossible.

Dr. Larsson asked for elaboration on environmental standards. Dr. Clark responded that DOE
has a separate set of requirements for protecting biota. There is nothing in the Y ucca Mountain
requirements specific to protection of biota themselves. From a practical standpoint, there is no
existing or defensible basis for protecting the biota (nothing from NAS, etc.).

The participants were interested in the roles of regulators in the U.S. including EPA, NRC, and
DOE and, in particular, who establishes environmental protection regulations in the United
States. Mr. Clark, Dr. Clark, and Mr. McKenney stressed that regulatory authority in the United
States depends on various laws. For Superfund sites, there is a specific Superfund law that says
that the biota must be considered. So if a site in question is a DOE Superfund site, then DOE
must consider the biota. EPA then has the authority to approve DOE's plans and actions. EPA
works within a genera framework for environmental protection from all insults and sometimes
is responsible for self-regulation. In the case of nuclear defence activities, DOE serves as the
regulator. In the case of Yucca Mountain, DOE is aregulated agency.

EPA develops environmental standards for radiation to be implemented by NRC and/or by
DOE. EPA dso serves as aregulator in specific cases (e.g., for clean air and WIPP).

NRC primarily establishes regulations for commercia activities involving radiation.

Dr. Clark asked Mr. McKenney about changes envisioned by NRC. Mr. McKenney responded
that there are ‘no built-in changes to the regulations because anyone can request changes at any
time’'. The NRC aso hes ability to make changes at any time if necessary but the public can
aways request changes. All requests are ‘forma’ and are treated as such.

4.3 Dr. Jack Valentin, Scientific Secretary of the International
Commission on Radiological Protection (ICRP)

Dr. Vdentin provided an overview of ICRP, the basic assumptions under which it operates, and
the progress made throughout the years in developing recommendations (see Appendix E for
full presentation). Highlights of Dr. Vaentin's presentation include:

What is ICRP? It is a registered charity in England and Wales established for the public
benefit to advance the science of Radiologica Protection. In particular, ICRP provides re-
commendations and guidance on al aspects of protection against ionising radiation.

What is the aim of |CRP recommendations? To provide an appropriate standard of protection
for man without unduly limiting actions.

Radioactive waste is an international problem. Mass quantities of waste exist but no agreed
solution for radiation protection of the environment.

By the time solutions are found, the problem will have changed.
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Natural background radiation is prevalent. For most people, natural exposure is very much
larger than the nuclear power contribution.

Dose response relationship: high doses = deterministic harm due to cell killing. Dose to em-
bryo/fetus = mental retardation. Stochastic late harm = cancer, hereditary, other, LNT.

ICRP does not aim to get rid of the collective dose precept but to criticize it. One possible
way forward is to focus on ‘ controllable dose'.

Dr. Vaentin provided an overview of ICRP documents on nuclear waste management.

The old idea that to protect man means that the environment is protected de facto, should be
reversed and ICRP is thinking about it now.

ICRP is not so directly concerned with protection of society from consequences of inten-
tiond intrusions.

New recommendations will reflect a re-focus towards individua protection with optimisa-

tion coming second. On it's own, this shift does not change things, but the optimisation
process will also change. This should include a greater focus on stakeholder consultation.

4.3.1 DISCUSSION
Dr. Clark asked about ICRP s vision for the 21% century. Dr. Valentin says that ICRP will seek
to update the methods of optimisation. One new item is to better involve stakeholdersin a ‘ bot-
tom-up’ (as opposed to a ‘top down’) approach to decision making.

4.4 Ms. Kirsti-Liisa Sjoblom, Radiation and Nuclear Safety
Authority (STUK), Finland

Ms. §oblom provided an overview of STUK'’s regulatory system and Finland’s spent nuclear
fuel (SNF) disposal program (see Appendix E for full presentation). Highlights include:

STUK supervises the regulations issued through the Ministry of Trade and Industry in
Finland. For the SNF disposa program, there is a parald regulatory framework including
(a) the technical and safety-related feasibility of concept, and (b) feedback to the siting pro-
Cess.

STUK’s SNF disposa program began in 1983 with site characterization, safety evaluation,
technical design, and research and development.

According to law, STUK has no inspection rights for research facilities. If, however, a re-
search facility becomes part of the repository (or changes to an operating facility), then
STUK needs to retain inspection rights. There are unanswered questions and it is not clear
when or where the point of change will occur.

STUK'’ s regulatory involvement goes beyond the Decision in Principle (DiP) process started
in 1999. Loca and political acceptance at sites was achieved in May 2001 with parliamen-
tary ratification.

Rulemaking: Genera safety regulations were issued, a guide for long-term safety has been
finished; and a guide for operational safety is currently under preparation.

R&D: There are still some unresolved issues including the welding of copper canisters and a
need to more closely study Bentonite.

4.4.1 DISCUSSION

Dr. Westerlind was interested in the degree to which STUK included the biosphere in making
decisions. Ms. §oblom stated that it was somewhat rudimentary — since there were no site-
specific studies, there was no reason to believe that the site was unsafe.
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4.5 Mr. lan Streatfield, Environment Agency (EA) of England

and Wales

Mr. Streatfield gave a summary of the EA’s statutory powers and its interaction with the Health
and Safety Executive. He briefly discussed the implications for the Agency and industry of the
rejection of the planning application for a Rock Characterisation Facility (RCF) in 1997, before
outlining the Agency’s guidance on requirements for authorization of intermediate-level waste
(ILW)/low-level waste (LLW) disposal. Appendix E to this report provides the full text of Mr.
Streatfield’ s presentation. Highlights include:

The EA’s interaction with the Health and Safety Executive (HSE): The HSE has statutory
power to regulate waste storage on nuclear sites, whereas the EA regulates discharges from,
and disposals on, those sites.

EA’sPowers: Prior authorization must be obtained for the disposal of radioactive wastes.

Before 1997, repository availability was planned for around 2010-2015. However, rgection
of the Nirex planning application for RCF caused delay and uncertainty.

Implications of the repository delay include degeneration of wastes and packages, uncer-
tainty in storage period, unknown final geologic setting and potentia for changes in scien-
tific know ledge and standards.

EA is currently placing the onus on waste producers to address implications of repository
delay.

Government policy — Cm2919. The current motto is passive safety.

Described the EA 1997 Guidance on Requirements for Authorization (GRA) for waste dis-
posal. Intended for new, dedicated facilities for disposal of ILW or LLW. However, the gen-
eral principles will aso be applied to future disposals to existing facilities.

UK Guidance and the Biosphere: guidance is not prescriptive. Future evolution of the site
will be considered.

Other GRA guidance. The onus is on the devel oper and comparisons with ambient levelsin
the environment may also be appropriate. The operator will define the geographical area of
the site and the EA must agree with the operator.

Since late 1996, the EA has been using the GRA to review BNFL’ s devel oping post-closure
safety case (PCSC) for their surface, LLW disposal site at Drigg.

The EA review of Drigg is coordinated by its National Center for Risk Assessment and Op-
tions Appraisal (NCRAOA), with externa contractor support. BNFL has made a number of
changes to their approach as aresult of the EA’s review process.

Subject to satisfactory resolution of issues identified during the EA’s review of BNFL's
PCSC Development Program, BNFL has the potentia to assemble a PCSC that will provide

a sufficiently comprehensive examination of the relevant issues to inform regulatory deci-
son-making.

4.5.1 DISCUSSION

Dr. Westerlind was interested in a collective dose requirement. Mr. Streatfield responded that an
indicator of collective dose is required and BNFL is preparing this.

Dr. Jensen commented that EA’s requirements look very much like those of the Swedish gov-
ernment.

Dr. Larsson commented that EA is ardatively young agency and wanted to know whether there

are advantages to having al types of environmental issues under one agency. Mr. Streetfield
responded that advantages include the ability to adopt a holistic approach, and to alow co-
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ordinated regulation to improve the environment as a whole. However, he noted that the nuclear
industry in the UK istrying to get one regulator in the UK for nuclear issues (i.e., nuclear safety
and environmental discharges/disposals).

Dr. Clark commented that the ‘individua’ (as defined by the EA) is close to the EPA’s ‘RMEI’.

Dr. Clark commented that an overal emphasis on the environment helps EPA to better
communicate with the public. It is clear that EA is attempting to take a holistic approach.

4.6 Dr. Walter Blommaert, Federal Agency for Nuclear
Control (FANC)

Dr. Blommaert provided an overview of the FANC and its role in the management of nuclear
wastes. Appendix E to this report provides the full text of Dr. Blommaert’s presentation. High-
lights include:

The first Royal decree on nuclear matters was in 1963. Responsibilities were given to three
Ministries. By 1980, Belgium became a federd state, with three officia languages, but the
Federa government deals with nuclear matters.

FANC grants licenses as well as ‘controls (or regulates), as specified by Decree in 2001.
FANC's mission is ‘to protect the public and the environment againgt the hazards of ionising
radiation’.

The effect of the 2001 changes is that there is only one Ministry with current responsibilities
for nuclear matters (Ministry of the Interior). Until recently, there was little or no attention
by authorities to matters of waste disposal. Belgium has accepted the EU RP 122 radionu-
clide-specific clearance values.

De nationa instelling voor radioactief afval en verrijkte splijtsoffen (NIRAS)/I’ organisme
national des dechets raadioactifs et des matieres fisdes enriches (ONDRAF) organization is
linked to the FANC and is responsible for radioactive waste— including collection, transport,
and interim storage and inventory management.

The LLW site selection process resulted in 98 candidate sites in 1996, al of which were
rejected by local government officials and/or the public. In January 1998, the government
decided to look for disposal sites at existing nuclear sites. FANC is still looking for munici-
pal acceptance.

4.6.1 DISCUSSION
Dr. Jensen commented on the need for one strong single authority.

Ms. §oblom commented that FANC tasks are remarkably similar to STUK tasks. She aso
sought clarification on the role of NIRAS. Is NIRAS an independent company? Dr. Blommaert
responded that NIRAS is a nationa institute funded by industry and established by royal decree.

Dr. Blommaert commented that there is growing interest/concern in non-radioactive compo-
nents of LLW.
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4.7 Ms. Malgorzata Sneve, Norwegian Radiation Protection

Authority (NRPA)

Ms. Sneve explained the ‘Lepse’ project that was sponsored by the Norwegian government and
conducted in cooperation with Sweden, European Commission and Russia. Appendix E to this
report provides the full text of Ms. Sneve's presentation. Highlights include:

Problem of the ‘Lepse’ project: storage barge for 639 damaged fuel assembles in very poor
condition. NRPA, through cooperation, established legidation and regulation process.

Basic Documents. Russian legidation and regulations, standards, guidance and procedures
are very smilar, in principle, to western countries.

Relevant Russian Federal Laws are the basis for development of the needed requirements for
this project.

Responsibilities in Russian Federation in radioactive waste management:

Minatom

Gosatomnadzor

— Ministry of Natural Resources (previous Goscomecology)
— Gossanepidnadzor (Health Protection Authority).

There is an overlap and interaction among nuclear safety, environmental and human health
protection issues (important to coordinate overlap). It is avery difficult task because Russian
agencies do not view each other as partners.

Legidation systems in different countries are similar, but the implementation of safety regu-
lations in different countries is very different.

NRPA hopes to avoid delay in implementing of industry projects because of unclear gp-
proval processes. Licensing requirements should be better known from the beginning.

NRPA hopes to avoid misunderstanding over the criteria and norms being applied to the
industry projects internationally.

It is important to facilitate good communication among and within different groups. NRPA
learned that productive dialogue is not the norm and that support from the West did not d-
wayswork asit should.

Ms. Sneve recommended that al authorities, operators and stakeholders be encouraged to
take a haligtic view of problems, and not to manage problems on the basis of one issue.

There is a strong need for international cooperation (a more globa and long-term perspec-
tive). Looking at the Russian case, the support provided has been in the development of
short-term goals, and has not been fully considered by all players — especialy concerns of
the Russian regulatory agencies. The short-term perspective could contribute to sustained,
long-term praoblems.

Nuclear waste is a global issue.

4.7.1 DISCUSSION

The entire group agreed that there is alot of room for improvement in the area of international
cooperation.

4.8 Mr. Gintautas Klevinskas, Radiation Protection Center,
Lithuania

Mr. Klevinskas provided a historical overview of the development and promulgation of laws
and regulations in Lithuania, including the roles and responsibilities of various regulatory au
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thorities. Appendix E to this report provides the full text of Mr. Klevinskas' presentation. High-
lights include:

Lithuania has one nuclear power plant (Ignalina).
Historical development of regulations in Lithuania:

Law on Radiation Protection was passed in 1999

— Law on Nuclear Energy was passed in 1996 and amended in 1999

— Law on Management of Radioactive Waste was passed in 1999

— Law on Decommissioning Unit 1 at the Ignalina Nuclear Plant State Enterprise was
passed in 2000.

Regulatory Authorities:

— The State Nuclear Power Safety Inspectorate (VATES!) has jurisdiction over nuclear
safety, licensing and transportation of nuclear materials. VATESI is essentialy responsi-
blefor *...al things nuclear’

— The Ministry of Environment is responsible for environmental protection issues, single
permits for transportation of radioactive materials, clearance levels, etc.

— The Radiation Protection Center is charged with radiation protection issues including
licensing activities with sources of ionising radiation, maintaining the state register of
sources and workers exposure, state radiation protection supervison and control and
monitoring public exposure to radiation

— The Radiation Protection Center was established in 1997

— TheWeb site address for the Radiation Protection Center is. www.rsc.It/eng/index.html

Sources of Radioactive Waste in Lithuania

— Ignalina Nuclear Power Plant (2 units)

— 1% unit in 1983, 2" 1987

— Power: 1,500 MW(€l) 4,800 MW/(th)

— Type: RBMK (LGWR), 1,661 fuel channels in each reactor, approximately 15,000 SNF
elements accumulated since 1984

— Wet storage in reactor pools or dry storage in German casks

— Three types of waste: solid, liquid and gaseous.

Radioactive Waste Management Agency:

— Established in 2001
— Manage and dispose of all radioactive wastes
— Operate storage facilities and repositories.

Strategy on Radioactive Waste Management:

— Draft document in place

— It isexpected to be approved in 9/01

— Updated every five years.

Preliminary statements for investigation of locations in Lithuania where HLW can be dis-
posed of are currently in place and three sites have been selected.

Siting, Design and Construction of Radioactive Waste Management Facilities:

— Must be proposed by Ministry of Economy
— Designs for the construction or reconstruction, upgrading, expansion, must be coordinated
with VATES! and with other responsible state authorities.

4.8.1 DISCUSSION
Dr. Jensen asked about the regulation of dose limits upon passage of the laws. He was specifi-
cdly interested in any proposed regulatory bodies or agencies. Mr. Klevinskas clarified that
criteria for disposal, management, regulation and waste acceptance will be discussed during a
November 2001 workshop, which will be held in Vilnius.
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Ms. §oblom commented that Lithuania has successfully simplified the old Soviet Union type
regulations by reducing or eliminating unnecessary prescriptive details in the regulations. ‘ They
(Lithuania) have been very successful in the modernization of the regulations.’

4.9 Dr. Carl-Magnus Larsson, Swedish Radiation Protection

Authority (SSI)

Dr. Larsson’s presentation compared the SSI Regulations on Protection of Human Health and
the Environment in Connection with the Final Management of Spent Nuclear Fuel and Nuclear
Waste (SSI FS 1998:1) to the BIOMASS Project guidance, ICRP guidance, EPA and NRC pro-
posed rules, and DOE standards. Areas of discussion included the assessment context and phi-
losophy, endpoints, the source term and geosphere-biosphere interface, and the time frame. Ap-
pendix E to this report provides the full text of Dr. Larsson’s presentation. Highlights include:

Assessment Purpose:
— The dternative purposes identified by BIOMASS include demonstration of compliance,
confidence of policy makers and scientific community, public confidence and guidance to
research priorities
— SSI FS1998:1
* Risk shal be calculated on the basis of relevant scenarios (grouped, e.g., a normal
scenarios, less likely scenarios, and residua scenarios) and resulting probabilities of
radiation detriment

*  Therisk thus quantified shall not exceed 10°° per year to individuals representative of
the most exposed population. Scenarios resulting in doses greater than 1 mSv per year
should be treated separately

*  Environmental consequences shall be assessed as well as the pratective capability -
ter the intrusion (SSI FS 1998:1)

* A safety assessment shall be presented supporting the Environmental Impact State-
ment (EIS).

Endpoints:
— BIOMASS guidance: Alternatives identified by BIOMASS include:
* Individua dose/risk
Collective dose/risk
Doses to biota
Changed radiation environment
Fluxes, and, as a specia case
Uncertainties/confidence
— SSI FS1998:1
* Health protection to the level of 10° annud risk for individuals representative of the
most exposed population. SSI uses hypothetical definitions that are not site-specific.
The approach is different from that of the United States.

Assessment philosophy:
— The BIOMASS guidance distinguishes between ‘cautious and ‘equitable’ approaches,
although these should not be considered as opposites. One issue is defining the difference
between * cautious’ and ‘equitable
— SSI FS1998:1
* The choice of a 10 risk standard is *cautious’ in the sense that it provides a reason-
able alowance and alows for future practices or activities causing discharges from
severa sources, separated in both space and time

*  Requirements on optimisation and Best Available Technology (BAT) cal for aredlis-
tic approach.

* Ok ok ok X
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Site Context:

— BIOMASS Guidance: The site context must be known in order to establish the appropr i-
ate reference (or assessment) biosphere.

— SSI FS 1998:1: The biosphere at the time of application and its known evolution forms
one case, other(s) will be defined as necessary.

Source-term and geosphere-biosphere interface (GBI):

— BIOMASS guidance is limited to groundwater release scenarios. It is important to con-
sider the GBI in relation to time-dependent changes, e.g., if climatic evolution will affect
the receiving medium.

— SSI FS1998:1: Consideration of both the environment and public health effectively rules
out limitation to only awell scenario for temperate climates.

Time Frame:

- BIOMASS Guidance: Time frames will have to be selected on the basis of:

Institutional control period

Surface environment evolution

Engineered barrier degradation

Geological evolution

Performance Assessment (PA) results

Radionuclide decay

— SSI FS1998:1

* Radiation protection standards in principle are not limited in time Quantitative esti-

mates must be provided for the first 1,000 years, whereas qualitative judgements be-
come more prominent for longer time periods.

* % ok X ok

4.9.1 DISCUSSION

The group agreed that Dr. Larsson provided a succinct and valuable comparison of the assess-
ment context for nuclear waste disposal. The document lends itself well to a systematic discus-
sion of regulatory guidance.

4.10 Dr. Magnus Westerlind, Swedish Nuclear Power
Inspectorate (SKI)

Dr. Westerlind presented an overview of SKI’s current positions regarding regulating safety in
the final disposal of HLW, including basic provisions and SKI’s tasks in the disposal program.
Appendix E provides the full text of Dr. Westerlind’ s presentation. Highlights include:

Waste Safety —Basic Provisions:
— The waste producer has the full responsibility
— SKI ensures compliance with safety requirements.

SK1I’stasks in the disposal program:

— Regulations

— Review of R&D by waste producer

— Consultations in the siting process

— Review license applications

— Supervise and periodically review safety of installations.

Therole of the Safety Assessment (SA) depends on the phase of the disposal program:

— Assess safety and demonstrate compliance with safety and radiation protection criteria

— Provides guidance and basis for performance criteria for barriers, quality control, site se-

lection and characterization and research and development
— The SA isoneimportant basis for EIS.
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Regulations and competence:

— Clearly stated basic safety requirements (not too prescriptive)
— Demondtration of compliance is most important

— SKI has competence for own, independent SA.

SKI's regulations for long-term safety:

— Passive Safety

— Timeframes should reflect the waste' s hazard

— Disaggregated approach (‘risk profile’). SKI does not believe in asingle value for risk.

Scenarios:
— Systematic identification based on external FEPs
— Three scenarios include the main scenario, less likely scenarios and residua scenarios.

4.10.1 DISCUSSION
Ms. S6blom asked about SKI's ownership of the SA. In particular, Ms. §6blom wanted to
know whether the SA is conducted all at once or by just studying the weaknesses? Dr. Wester-
lind responded that SKI uses research to identify weaknesses.

Mr. Streatfield asked about models — specifically whether SKI used its own models or those of
the site developer/operator? Dr. Westerlind responded that SK1 uses its own models augmented
with separately quality-controlled information. The public has confidence in the separate com-
prehensive assessment capability.

Mr. McKenney commented that the NRC also has a similar set of independent SA capabilities
and has identified issues related to DOE’s investigations as a consequence. Mr. Clark com-
mented that EPA has intentionally stayed away from devel oping independent SA capabilities.
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5 Position reports and papers

5.1 Mr. Ray Clark, U.S. Environmental Protection Agency (EPA)

Mr. Clark provided an overview of EPA’s HLW standards including a discussion on the form of
the individua protection standard and the protected individua. Mr. Clark also addressed the
debate on the critical group (CG) versus the reasonably maximally exposed individua (RMEI)
and the debate on dose versus risk. Appendix F to this report provides the full text of Mr.
Clark’s presentation. Highlights include:

Background:

— In 1992, the Waste Isolation Pilot Plant (WIPP) Land Withdrawal Act exempted Y ucca
Mountain from EPA’s generic standards (40 CFR Part 191)

— Alsoin 1992, the Energy Policy Act (EnPA) directed EPA to set an individualprotection
standard for Y ucca Mountain and contract with the National Academy of Sciences (NAS)
to provide technical input.

A Limit on Dose or Risk?

— The EnPA directed EPA to set a dose limit to protect individuals while the NAS recom-
mended a limit stated as a risk level. In the end, EPA established a limit on individual
dose.

Individual-Protection Dose Limit:

— Even though the limit is a dosg, it is based upon risk

— 150 microsieverts committed effective dose equivalent per year.

Who is protected?

— NAS recommended a critical Group (CG)

— A small group with unusual habits or sensitivities should not drive the standards
— Avoid extreme cases and unreasonable assumptions.

Why did EPA not use the probabilistic CG?

— Would likely average alarge number of subgroups receiving no dose. This is inconsistent
with the CG concept

— Most public comments opposed this approach

NAS aso recommended a subsistence farmer CG.

Why did EPA not use the subsistence farmer CG?
— Not areasonable scenario for Yucca Mountain using current conditions
— EPA could not identify anyone fitting the definition in the downgradient direction.

EPA used the RMEI approach instead (derived from Superfund program).

Why did EPA choose the RMEI approach?
Up until Yucca Mountain, EPA’s radiation standards had used maximally exposed indi-
vidual (highest theoretical dose)

— Sufficiently conservative to protect the general public

— Consstent with widely accepted procedure to project doses incurred by individuals over
long periods

— Provides protection similar to the CG approach

— Conservatism is up to the implementing agency, but the parties must use site-specific data
to keep parameter values reasonable

— RMEI approach is more straightforward than the probabilistic CG

— This approach has aready been used in non-radiation regulations (hazardous waste).

19



5.1.1 DISCUSSION

Dr. Jensen asked about the scenario of a single plume and how EPA and NRC would address
the issue. Mr. Clark and Mr. McKenney agree that there is enough site-specific evidence that
renders the scenario virtually moot. However, EPA and NRC would use the highest possible
dose as a benchmark.

Dr. Jensen was aso interested in how EPA and NRC deal with probability and how the agencies
will determine dose in conjunction with societal changes that result from changes in the bio-
sphere. Mr. Clark and Mr. McKenney agree that aggregated and disaggregated approaches must
be used.

Mr. Torres-Vidal asked for clarification on the degree to which EPA followed the NAS recom-
mendations. Mr. Clark responded that EPA followed the NAS objectives and was able to suc-
cessfully meet these dojectives with the RMEI approach. Dr. Clark commented that EPA was
required to follow two types of direction: Congressional and NAS. EPA simultaneoudly ad-
dressed both concerns with the RMEI approach.

Dr. Jensen commented that the international community would not be able to draw upon most of
the U.S. experiences because of the site-specific standards and data employed. Dr. Jensen aso
commented that ICRP has not sufficiently addressed issues specific to the United States, e.g.,
formal legd restrictions, mandates and precedents.

Dr. Jensen aso inquired about the importance of the CG. Specifically, what is the difference
between groups and individuals? Dr. Clark responded that the RMEI is a representation of an
individual based on group data.

Dr. Jensen commented that the discussion still revolves around individuals as they exist today. It
is important to admit that the United States is not considering doses to individuals as they may
exist in the future.

5.2 Dr. Mikael Jensen, Swedish Radiation Protection Authority
(SSI)

Dr. Jensen opened the floor for discussion on the topic of sustainable development in the con
text of HLW disposal criteria. Highlights include:

Assumption: The characteristics of a repository and its environment will change over time,
due to degradation processes, geological and climatic change and human-related develop-
ments.

Goals of Sustainable Development:

— Development that meets the needs of the present without compromising the ability of fu-
ture generations to meet their own needs (Brundtland Commission, United Nations, 1987)

— The effect of the repository must allow society to engage in alarge range of activitiesin
the future.

Society:

— Society must be assumed to engage in alarge range of activities.

Biosphere:

— A large range of biospheres/biosphere devel opments must be considered.

Science:

— No ability to accurately predict the above factors.
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5.2.1 DISCUSSION
Dr. Jensen posed the broad question, ‘ Can the group live with conditions as they exist today?

Mr. Streatfield responded that al countries are *...bound by laws'. In England and Wales, the
EA isresponsible for regulating radioactive waste disposal in accordance with relevant legisla-
tion, having regard to Government Policy. Sustainable development is but one aspect of Gov-
ernment Policy and in carrying out its role the EA contributesto it.

Dr. Larsson commented that endpoints in assessments must be linked in order to accomplish
sustainable development. Sweden has laws in place regarding sustainable development.

Dr. Jensen commented that |CRP has already provided advice on this issue. According to the
ICRP, the public should not be exposed to more than 1 millisevert/year. This is a measurable
‘target’ for sustainable devel opment.

Ms. §oblom commented that sustainable development is a ‘new phrase’ for something thet is
aready being rigoroudly pursued by al participating countries. Ms. Sjoblom does not view sus-
tainable development as a new problem or issue. Dr. Jensen responded that the problem is pre-
diction. There is no ‘right’ thing to do because today’s regulators and scientists do not know
how people will be living in the future. Which of the variables that we hold constant today will
change in the future? Dr. Jensen expressed concern about basing all assumptions on what is
known about how people live today and the characteristics of the current biosphere.

5.3 Ms. Kirsti-Liisa Sjoblom, Radiation and Nuclear Safety

Authority (STUK), Finland

Ms. Sjoblom discussed the society and biosphere beyond 1,000 years from now. Appendix F to
this report provides the full text of Ms. §joblom’ s presentation. Highlights include:

Time Periods:

— Operational Period

— Reasonably Predictable Future

— Environmentally Unpredictable Future.

Radiation Protection Criteria; Reasonably Predictable Future:
— Government decision of 1999
— STUK Guide of 2001.

Radiation Protection Criteria; Very Far Future:
— Government decision of 1999
— STUK Guide of 2001.

Geo-Bio Flux Congtraints; Consideration of Local Impacts:
— Assumed Scenarios

— Wadll Dilution Factor Issue

— A Site-Specific GW Flow Analysis.
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Dose Conversion Factors

Dose conversion

Nuclide factor (Sv/Bq) Critical scenarios/pathways

C-14 5 E-13 Lake/fish and sediment/crop

Cl-36 2 E-14 Well/drinking water and lake/fish
Ni-59 4 E-15 Sediment/crop

Se-79 1E-13 Lake/fish and well/vegetables

Zr-93 1E-14 Well/drinking water

Nb-94 6 E-14 Well/external radiation

Tc-99 3 E-14 Sediment/crop

Pd-107 5E-16 Well/drinking water and vegetables
Sn-126 1E-13 Lake/fish and well/drinking water
1-129 2 E-12 Well/drinking water and vegetables
Cs-135 3E-13 Lake/fish and sediment/crop
Ra-226 3 E-12 Well/drinking water and vegetables
Th-229 8 E-12 Well, inhalation and drinking water
Pa-231 1E-11 Well/inhalation and drinking water
U-238 4 E-13 Well/drinking water

Np-237 1E-12 Well/drinking water

Pu-239 4 E-12 Well/inhalation and drinking water
Am-243 3 E-12 Well/drinking water and inhalation
Cm-245 3 E-12 Well/drinking water and inhalation

Congderation of large-scale impacts:

— Average dose from seafish: < 1 microSv/a

— Natura Radionuclide fluxes via local and regional rivers (constraints fit to government
requirements)

— Releases from norm practices.

Pros and Cons as safety indicator: Geo-Bio Flux versus Dose.

5.3.1 DISCUSSION

Dr. Jensen commented that STUK’s dose conversion factors are “...the first of its type'. A-
though there are no peer reviews of these figures, the scientific community will wait and see
about consensus.

Dr. Jensen also asked about STUK’ s definition of ‘very far future’. Ms. §6blom responded that
‘very far future' is defined as ‘several thousands of years and that the definition is still some-
what ‘ soft’.

5.4 Mr. Rodolfo Avila, Swedish Radiation Protection Authority
(SSI)

Mr. Avila discussed environmental concentration, the risks to human health and the environ-
ment of arepository, and standards for risk measurement. Appendix F to this report provides the
full text of Mr. Avild s presentation. Highlights include:

Suggestions for risk measurement standards:

— Abandon the critical group concept

— Consider using probabilistic standards instead

— Consider use of secondary standards, like concentrations, as a way of ssimplifying (make
possible?) demonstration of compliance.



5.4.1 DISCUSSION
Mr. TorresVidal stated that Mr. Avila s approach is very similar to that of IAEA and others.

Mr. Torres-Vidal aso commented that Mr. Avila s arguments are very similar to those posed by
Ms. §oblom, athough Finland is ‘... one step ahead’ because the country has actually estab-
lished the standards.

Dr. Jensen commented that Mr. Avila is aso addressing problems inherent in probabilistic
assessment.

5.5 Dr. Mikael Jensen, Swedish Radiation Protection Authority
(SSI)

Dr. Jensen gave a short presentation on ingtitutiona controls and human intrusion and opened
the floor for discussion.

An NEA project in conjunction with Sandia National Laboratory produced an intrusion scenario
report for the Waste Isolation Pilot Plant (WIPP). The report concluded that there would be no
likely intrusion unless some party literaly ‘dug up’ the site.

In 1990, the NEA conducted a systematic study involving many countries. The first seminar was
held in 1991 or 1992. The researchers focused on all possible intrusion scenarios and were di-
vided into four teams consisting of four people each. Although the findings were somewhat
speculative, researchers concluded that there was a 0% probability of intrusion at the WIPP
site.

With respect to archiving information on nuclear waste repositories, the Finnish government
passed a regulation entrusting the task of archival to STUK. Although Finland was the first gov-
ernment to pass such a regulation, a smilar regulation now exists in Sweden. Every European
government to date has agreed on the concept of archiving information on nuclear waste reposi-
tories to some degree. The U.S. government indicated that any site must somehow be physically
‘marked’. The NRC, in particular, is requiring that all information be kept *available’ but has
not specified to whom the archive would be entrusted.

After studying various archives, including those of the German government and the Vatican,
Dr. Jensen suggested that archived information about nuclear waste repositories be maintained
on three separate levels.

Human intrusion raises the question of who is responsible for safeguarding materials. Dr. Jensen
commented that it is complicated in the United States because there is no clear distinction or
delineation of responsibilities. Swedish regulations specify that the design of a repository must
not change simply in an effort to avoid intrusion. The intruder’s dose is not of concern. Rather,
the integrity of the repository is considered most important. SKB has discussed different intru-
sion scenarios with the assumption that the biosphere is the same as the undisturbed case.

What is an intrusion? Dr. Jensen defines an intrusion as any disturbance in the repository area
for the performance assessment.

5.5.1 DISCUSSION

Ms. §6blom pointed out the possible interest of future people in a big amount of copper to bein
the repository according to the Swedish and Finnish capsule concept. Mr. Jensen replied that
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there are some grey areas. The consensus is that people/citizens have fundamental rights to en-
vircnmental information.

5.6 Dr. Carl-Magnus Larsson, Swedish Radiation Protection
Authority (SSI)

Dr. Larsson provided an overview of the Framework for ASSessment of Environmenta ImpacT
(FASSET) program and discussed the environmental effects of radiation on other-than-human
species. Appendix F to this report provides the full text of Dr. Larsson’s presentation. High-
lightsinclude:

Why the concern for the Environment?
— Anthropocentric vs. biocentric views
— Science.

Formal reasons: international agreements, national regulations.

FASSET partners include 15 organisations in seven countries including four Swedish organi-
sations and five UK organisations. The goal is to develop a system for how environmental
issues should be addressed as a basis for decision-making.

Use eco-risk assessment and management model (generic way of looking at environmental
effects):

— Scooping

— Do assessment (present ICRP method is very strong in assessment phase)

— Management.

There are three ‘work packages (one with environmental dosimetry, the second with expo-
sure pathways and the third with an assessment of environmental effects).

Umbrdla effect is demonstrated in the matrix (mortality, morbidity, reproductive success,
scorable cytogenetic effects). These are most of the endpoints that are relevant to sustainable
development.

Exposure models and dosimetry are not meaningful unless coupled with biological effects.
One output will be a database with all ‘umbrella effects’ above organised in systematic fash-
ion. Will be available to anyone (decision makers) in meaningful and understandable form.

Where does this take us? We know that we have exposure pathways (see the matrix/table
with Level 1-6 on vertical |eft hand side and Consideration level, Relative dose level, Likely
effect on individuas, and Aspects of concern in Appendix F). The matrix is suggested to il-
lustrate a method to think about.

5.6.1 DISCUSSION

Mr. Torres-Vidal suggests that the matrix include ‘Level 0" because according to the table, any
radiation corresponds to some level of risk. Dr. Larsson agreed yet cited that the important con-
sideration is the systematic approach and the most appropriate way to communicate to decision
makers.

Ms. §6blom commented that Dr. Larsson’s matrix might not include ‘boxes' but rather a scale
smilar to ICRP.

The group raised the issue of ‘harm’ and its definition. Does Dr. Larsson’s matrix include the
biota? Dr. Larsson responded that ‘harm’ is implicit in the presentation of the boxes and can
indeed be taken to the level of ‘an amoeba . He reiterated the need to acknowledge and develop
a systematic basis to measure harm.
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6 Conclusions

The workshop was a success in bringing the relevant organisations together to discuss regula-
tory issues. Dr. Jensen stated that he was impressed with the objectives of the workshop and the
extent to which they were covered in the limited time available. One of the most important as-
pects of the Workshop was that each country’s ‘ constraints were covered and the participants
gained a greater understanding of how different countries work within these constraints and the
respective values placed on radiation issues.

There were anumber of philosophical and technical questions raised by the participants:

Thereis aneed for interface (technical and practical) between geosphere and biosphere mod-
ellers.

What do we mean by timeframe?

There is a need to acknowledge and develop a common framework and integrated approach
for protecting the environment.

Thereisaneed for social science research on public acceptance and attitudes toward nuclear
waste disposd.

We must begin to look at the radioactive waste issue as a global (rather than country-
specific) issue.

There is a need to discuss and agree upon our generation’s obligation to properly dispose of
waste.

There is a need to develop and agree upon institutional control measures after closure of a
repostory.

There are difficulties coming to common agreements because of different geopolitical and
regulatory systems.

All participants indicated that the workshop was technically helpful, collegia and appreciated.
Participants also expressed the desire to meet again and continue discussions on the role of fu-
ture society and biosphere in demonstrating compliance with radioactive waste disposal stan-
dards and regulations.
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Appendix A
Opening address

Dear colleagues from radiation protection and safety authorities,

It is a great privilege for me to welcome you, in co-operation with our colleagues of the US
Environmental Protection Agency (USEPA), to this Regulators: Workshop entitled * The role of
future society and biosphere in demonstrating compliance with high-level radioactive waste
disposal standards and regulations'.

The programs for final disposal for high-level radioactive waste have developed considerably
and come to a mature state in several countries. There is nowadays a clear interest among waste
management institutions to address issues related to stakeholder confidence. In 1998, the Swed-
ish Radiation Protection Authority (SSI) and USEPA co-hosted a conference in Stockholm in-
volving technical issues and stakeholder communication. There is a number of questions re-
maining, related to the role of the biosphere and the society in demonstrating compliance, for
which a common view among regulators would facilitate the understanding of performance
assessment internationally.

Regulations for long-lived radioactive waste disposal are in many countries based on dose or
risk, thereby indicating that this type of facility should be treated within the area of radiation
protection standards. This is reassuring because it shows that no activity or facility involving
activity with radioactive substances should be treated differently from any other such activity.
However, it raises legitimate concern relating to the issue of the dose calculation made in the
licensing process, since many safety assessments indicate that a release may occur in a distant
future.

These issues are new in the filed of traditional radiation protection, and have only recently been
addressed by the international scientific community and international bodies such as the Interna-
tional Commission on Radiological protection (ICRP) and the International Atomic Energy
Agency (IAEA).

| am convinced that the different interests and the different views that will be presented by the
participants at this Workshop will form an excellent basis for the discussion during the week.

Again, welcome to Stockholm and to SSI. | hope that you will enjoy your meeting and that at
the end of the week, you will fedl that it has been atime el spent, and that you return home with
amore profound understanding of the radioactive waste problems we are deaing with.

Thank you.

Lars-Erik Holm
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Appendix B

Workshop participants

The following people attended the Workshop.

Name Organisation

Rodolfo Avila
Walter Blommaert
Deborah P. Bukoski
Mary Clark

Ray Clark

Lars-Eric Holm
Mikael Jensen
Gintautas Klevinskas
Carl-Magnus Larsson
Christopher A. McKenney
Kirsti-Liisa Sjoblom

Graham Smith

Malgorzata K. Sneve
lan Streatfield
Carlos Torres-Vidal
Jack Valentin

Magnus Westerlind

Swedish Radiation Protection Authority

Federaal Agentschap Voor Nucleaire Controle, The Netherlands
NuStats (Consultant to the U.S. Environmental Protection Agency)
U.S. Environmental Protection Agency

U.S. Environmental Protection Agency

Swedish Radiation Protection Authority

Swedish Radiation Protection Authority

Radiation Protection Centre, Lithuania

Swedish Radiation Protection Authority

U.S. Nuclear Regulatory commission

Radiation and Nuclear Safety Authority, Finland

Enviros QuantiSci, UK (Consultant to the Swedish Radiation
Protection Authority)

Norwegian Radiation Protection Authority, Norway
Environment Agency, UK

International Atomic Energy Agency, Austria
International Commission on Radiological Protection

Swedish Nuclear Power Inspectorate
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Appendix C
Workshop agenda

Tuesday, September 11, 2001

9:00 am~1:00 p.m. Opening
Welcome Address Dr. Holm, SSI
Opening Statement Mr. Clark, EPA
Overview of the BIOMASS Project Mr. TorresVidal, |IAEA
1:00 p.m-5:00 p.m. Country/Agency Reports
Environmenta Protection Agency (EPA), USA Mr. Clark
Nuclear Regulatory Commission (NRC), USA Mr. McKenney
International Commission on Radiological Protection (ICRP) Dr. Vdentin

Wednesday, September 12, 2001

9:00 a.m~1:00 p.m. Country/Agency Reports, cont.
Radiation and Nuclear Safety Authority (STUK), Finland Ms. §oblom
Environment Agency (EA), UK Mr. Strestfield
Federal Agency for Nuclear Control (FANC), Belgium Dr. Blommaert
Norwegian Radiation Protection Authority (NRPA) Ms. Sneve
Radiation Protection Centre, Lithuania Mr. Klevinskas
Swedish Radiation Protection Authority (SS1) Dr. Larsson
Swedish Nuclear Power Inspectorate (SKI) Dr. Westerlind
1:00 p.m-5:00 p.m. Position Reports/Papers
Critical Group versus Reasonably Maximally Exposed Individual —

Risk or Dose? Mr. Clark, EPA
Sustainable Development in the Context of HLW Criteria Dr. Jensen, SSI
The Society and Biosphere >> 1000 Y ears Ms. §6blom, STUK
Environmental Concentrations Mr. Avila, SS|

Thursday, September 13, 2001

9:00 p.m~1:00 p.m. Position Reports/Papers, cont.
Institutional Controls and Human Intrusion Dr. Jensen, SS|
Protection of Other-Than-Human Species (FASSET) Dr. Larsson, SSI
Closing Remarks and Conclusions All participants



Appendix D
Acronym list

ANDRA
BIOMASS
BIOMOVS
BNFL
CDC
CEA

CG
CIEMAT
DiP

DOE

EA

EC

EIS

EnPA
ENRESA
EPA
FANC
FASSET
FEPs

FSA

GBI

GRA
HLW
HSE
IAEA
ICRP
ILW

ISPN

INC

LLW
NAGRA
NAS
NCRAOA
NIRAS
Nirex
NPRA
NRC
ONDRAF
PCSC
RCF
RMEI

RV

SA
SCK.CEN
SKI

SNF

SSI

WIPP

Agence National por la Gestion des Dechets Radioactifs
Biosphere Modeling and Assessment Program

Biosphere Model Validation Study

British Nuclear Fuels plc

Centers for Disease Control

Commissariat a L'Energie Atomique

Critical group

Centro de Investigaciones Energeticas Medioambientales y Technologcias
Decision in Principle

US Department of Energy

Environmental Agency

European Commission

Environmental Impact Statement

Energy Policy Act

Empresara Nacional de Residulos Radioactivos SA

U.S. Environmental Protection Agency

Federal Agency for Nuclear Control

Framework for Assessment of Environmental Impact
Features, Events and Processes

Food Standards Agency

Geosphere-Biosphere Interface

Guidance on Requirements for Authoriztion

High-level Radioactive Waste

Health and Safety Executive

International Atomic Energy Agency

International Commission on Radiological Protection
Intermediate Level Radioactive Waste

Institut de Protection et de Surete Nucleaire

Japan Nuclear Cycle Development Institute

Low Level Radioactive Waste

National Cooperative for the Disposal of Radioactive Waste
National Academy of Sciences

National Center for Risk Assessment and Options Appraisal
de national instelling voor radioactief afval en verrijkte splijtsoffen
United Kingdom Nirex Ltd.

Norwegian Radiation Protection Authority

U.S. Nuclear Regulatory Commission

I'organisme national des dechets raadioactifs et des matieres fissles enriches
Post Closure Safety Case

Rock Characterization Facility

Reasonably Maximally Exposed Individual

Representative Volume

Safety Assessment

Studiecentrum voor Kernenergie/Centre d'Erude del'Energie Nucleare
Swedish Nuclear Power Inspectorate

Spent Nuclear Fuel

Swedish Radiation Protection Authority

Waste Isolation Pilot Plant
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SSI-rapporter 2002
SSI reports 2002

2002:01 SAR och utstralad effekt for

21 mobiltelefoner

Avdelning fér miljoévervakning och matberedskap.

Gert Anger 120 SEK

2002:02 Natural elemental concentrations and
fluxes: their use as indicators of repository safety
SKl-rapport 01:51

2002:03 SSl:s granskning av SKB:s FUD-program 2001
Avddelningen for avfall och milj6.

Bjorn Hedberg, Carl-Magnus Larsson,Anders Wiebert,
Bjorn Dverstorp, Mikael Jensen, Maria Norden, Tomas
Lofgren, Erica Brewitz, John-Christer Lindhé och Asa
Pensjo.

2002:04 SSI’s review of SKB's complement of the
RD&D programme 1998

Avdelningen for avfall och miljo.

Mikael Jensen, Carl-Magnus Larsson,Anders Wiebert,
Tomas Lofgren and Bjorn Hedberg.

2002:05 Patientdoser fran rontgenundersokningar
i Sverige — uppfoljning av atgirder

Avdelningen for personal- och patientstralskydd.

Helene J6nsson och Wolfram Leitz. 60 SEK

2002:06 Stralskyddskonsekvenser vid villaeldning
med '*’Cs-kontaminerad ved

Avdelning for miljoévervakning och mitberedskap.

Hans Mére och Lynn Hubbard 60 SEK

2002:07 Sikerhets- och stralskyddsliaget vid de
svenska karnkraftverken 2001

2002:08 Mammography - recent technical
developments and their clinical potential
Avdelningen foér personal- och patientstralskydd.

Bengt Hemdal, Ingvar Andersson,Anne Thilander Klang,
Gert Bengtsson,Wolfram Leitz, Nils Bjurstam,

Olof Jarlman and Séren Mattsson 80 SEK

2002:09 Personalstralskydd inom
kdrnkraftindustrin under 2001

Avdelningen for personal- och patientstralskydd.

Ansi Gerhardsson, Thommy Godas, Peter Hofvander,
Ingemar Lund, Lars Malmgvist, Hanna Olander Giir 70 SEK

2002:10 Radonatgarders bestindighet
Avdelningen for miljoévervakning och matberedskap.
Bertil Clavensjo 120 SEK

2002:1 1 National plan for achieving the objectives
of the OSPAR strategy with regard to radioactive
substances

Avdelningen for avfall och miljo. 60 SEK

2002:12 Formulation and presentation of risk
assessments to address risk targets for
radioactive waste disposal

SKl-rapport nr 02-21

2002:13 SSI’s review of SKB’s RD&D
programme 2001
Avdelningen for avfall och milj.

2002:14 Review of C-14 inventory for the

SFR facility

Graham Smith, Joan Merino and Emma Kerrigan
Avdelningen for avfall och miljo. 60 SEK

2002:15 Regulator’s Workshop on The Role of
Future Society and Biosphere in Demonstrating
Compliance with High-Level Radioactive Waste
Disposal Standards and Regulations

R.Avila et.al.

Avdelningen for avfall och miljo. 60 SEK



TATENS STRALSKYDDSINSTITUT, $sI, ar central tillsynsmyndig-

het pa strdlskyddsomradet. Myndighetens verksamhetsidé dr att

verka for ett gott stralskydd f6r manniskor och miljé nu och i framtiden.

SSI dr ansvarig myndighet for det av riksdagen beslutade miljo-
malet Sdker strdlmiljé.

SSI sétter granser for straldoser till allmanheten och fér dem som
arbetar med stralning, utfardar foreskrifter och kontrollerar att de
efterlevs.Myndigheten inspekterar, informerar, utbildar och ger rad fér
att 6ka kunskaperna om stralning. SSI bedriver ocksa egen forskning
och stéder forskning vid universitet och hégskolor.

SSI haller beredskap dygnet runt mot olyckor med stralning. En
tidig varning om olyckor fas genom svenska och utldndska mat-
stationer och genom internationella varnings- och informationssystem.

SSI medverkar i det internationella stralskyddssamarbetet och
bidrar ddrigenom till forbattringar av stralskyddet i fraimst Baltikum
och Ryssland.

Myndigheten haridag ca I 10 anstéllda och dr beldget i Stockholm.

THE SWEDISH RADIATION PROTECTION AUTHORITY (SSI) is the
government regulatory authority for radiation protection. Its task is
to secure good radiation protection for people and the environment
both today and in the future.

The Swedish parliament has appointed SSI to be in charge of the
implementation of its environmental quality objective Sdker stralmiljé
("A Safe Radiation Environment”).

SSI sets radiation dose limits for the public and for workers exposed
to radiation and regulates many other matters dealing with radiation.
Compliance with the regulations is ensured through inspections.

SSlalso provides information, education, and advice, carries out
its own research and administers external research projects.

SSI maintains an around-the-clock preparedness for radiation
accidents. Early warning is provided by Swedish and foreign
monitoring stations and by international alarm and information systems.

The Authority collaborates with many national and international
radiation protection endeavours. It actively supports the on-going
improvements of radiation protection in Estonia, Latvia, Lithuania,
and Russia.

SSI has about | 10 employees and is located in Stockholm.

NN . .y
hh Statens strdlskyddsinstitut

Swedish Radiation Protection Authority

Adress: Statens stralskyddsinstitut; S-17116 Stockholm;
Besoksadress: Karolinska sjukhusets omrade, Hus Z 5.
Telefon: 08-729 71 00, Fax:08-729 71 08

Address: Swedish Radiation Protection Authority;
SE-17116 Stockholm; Sweden

Telephone: + 46 8-729 71 00, Fax: +468-729 71 08

WWW.ssi.se
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