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FOREWORD

A Topica Session focused on the “Role of the Biosphere in a Safety Case” was organised in the
framework of the 3" meeting of the IGSC (Integration Group for a Safety Case). This held in Paris,
France on 24" October 2001.

48 participants represented several national waste management organisations, regulatory authorities,
from 15 OECD member’s countries, IAEA and EC.

The Topica Session focused on the recent scientific developments in international programs such as
IAEA BIOMASS, EC BIOCLIM, the views of regulators and the strategies being adopted by several
implementers for incorporating the biosphere in their safety assessments.

This paper deas with a synthesis of the different oral presentations and the various exchanges during
the session as well as a compilation of the written contributions. It is intended to provide a state of the
art overview of the different manners on how to be involved in the biosphere, either from research,
implementer or aregulator body.
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I ntroduction

The safety caseis a collection of arguments at a given stage of repository development in support of
the long-term safety of the repository. The safety case comprises the findings of a safety assessment
and a statement of confidence in these findings. The biosphere is one of the features of a geologic
repository system for the long-term management of radioactive waste. The biosphere is important in a
safety assessment since it is the place where humans and most organisms live and where regulations
are made.

Generally speaking, the biosphere is more dynamic than the geosphere and its evolution with time can
significantly affect dose estimations and potential impacts of a geologic repository (e.g., climate
change, glaciation, civilisation movement, etc.). That is, other parts of the repository system (vault,
geosphere) are more robust or constant in time than the ever changing biosphere. Most of the
variability associated with future events in the biosphere is driven by climate change. Climatic change
and the characteristics of future societies are important sources of uncertainties Biosphere. Uncertainty
can be addressed using reference or example biospheres, or aternative safety indicators such as
radionuclide concentration or radionuclide flux from the geosphere to the surface biosphere (as
indicated by the recent regulatory guidance in Finland), or by comparing predicted radionuclide
concentrations from a repository with background levelsin the environment.

Thus, a Topical Session that focused on the “The Role of the Biosphere in a Safety Case” was
organised in the framework of the 3rd plenary meeting of the IGSC. This was held in Parisin France
on 24th October 2001. This Topical Session reviewed the role of the biosphere in a safety case for
geologic disposal of radioactive waste and discusses recent developments in international programs
(IAEA BIOMASS, EC BIOCLIM), the views of regulators and the strategies being adopted by several
implementers for incorporating the biosphere in their safety assessments. It aso included one
presentation on a peer review as atool to build confidence in a safety case through an improvement of
the comprehension on the biosphere and itsrole in a safety case.

48 participants represented several nationa waste management organisations and regulatory
authorities from 15 OECD member’s countries and the IAEA.

The Topical Session was split in three parts:
— Part one related to the scientific bases on the biosphere;
— Part two was concerned with the regul ators requirements; and
— Part three aimed to present some exampl es as regards the implementers strategies.

The Chairman of this topical Session was Jesus Alonso (ENRESA, Spain). The rapporteur was Sean
Russell (OPG, Canada).

The current synthesis presented in Part A is aimed at briefly reflecting the material presented at this
Topical Session and providing a short overview of its main outcomes. The written contributions are
compiled without further elaboration from the Secretariat, in Part B of the document. Part C gives the
list of participants at this Topical Session.

All the overheads of the topical session are available upon request from the NEA secretariat.
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BACKGROUND

The International Commission for Radiological Protection (ICRP) formulates fundamenta radiation
protection recommendations from a non-governmental organisation. Radioactive waste
recommendations was recognised as one area that needed new developments by the ICRP, due to the
difficulties in the application of radiation protection principles to waste disposal facilities'. In that
context, ICRP 46% and then 81° paid attention to the specific problems raised by the concept of
disposa of long-lived solid radioactive waste. |ICRP acknowledges the basic principle "that
individuals and populations in the future should be protected at |east at the same level of protection as
isthe current generation” established in the IAEA Safety Fundamentals 111.

The application of radiological protection objectives by national organisations in the context of the
safety performance of geologic disposal for radioactive waste is interpreted by including some form of
limitation to these potential radiation doses and risks. Thus, the biosphere might play an important
rolein the integrated performance assessments with aview of providing an evaluation of the impact of
potential releases of radionuclides from the waste form to the biosphere. As mentioned in the IPAG 3*
exercise, "no one considers the biosphere to be a barrier but many see it as providing safety functions
". The function of the biosphere is mainly interpreted to act as a form of "measuring instrument” for
evaluating representative radiological impact indicators of potentia releases from the repository.
Although when modelling the transport of radionuclides into and through the biosphere account is aso
given in some cases, for dilution and dispersal processes that may reduce considerably dose
estimations in safety assessments.

The main release of radionuclides to the biosphere might occur more than severa thousand years after
closure of the repository. The inherent unpredictability of human actions as well as the uncertainties
related to the evolution of climates during the long lifetime of a deep repository presents problems for
the identification of future environmental systems and the determination of potential exposure
pathways. As mentioned in the 1999 NEA report®, it has been recognised that the nature of
performance assessments in different time frames cannot be the same and in particular uncertainties
increase with time. Therefore, the results from safety assessments need to be regarded as indicators of
the safety rather than as real predictions of impacts and the biosphere can be thought as "a set of
assumptions and hypotheses that is necessary to provide a consistent basis for calculations of the
radiological impact arising from long termreleases" °.

1 Jean Claude Nénot, ICRP policy for radioactive waste disposal, Topical Session proceedings on
Safety Case, 3rd IGSC meeting on 25th of October 2001, NEA/RWM/IGSC (2002) 1.

2. ICRP 46, Radiation Protection Principles for Disposal of Solid Radioactive Waste, volume 15, n° 4,
1985, Pergamon Press.

3. ICRP 81, Radiation protection Recommendations as applied to the Disposa of Long-Lived

radioactive waste, Volume 28 N°' 1998, Pergamon Press.

4. IPAG 3 : Working Group for the Integrated Performance Assessments of Deep Repositories; "
Approaches and Arguments to establish and communicate confidence in safety”, NEA/RWM/IPAG
(2001)REV, Dec 2001

5. Geological disposal of radioactive Waste , Review of Developmentsin the Last Decade, NEA 1999

6. BIOMASS programme ; Long term releases from Solid Waste Disposal facilities: the concept
reference biosphere concept, BIOMASS THEME 1, working document n°1, lAEA, April 1999

9
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Any description of the biosphere used in a long-term performance assessment could appear arbitrary.
On an international level, an important effort was made to develop reference biospheres and to
demonstrate that, if they are based on a good scientific understanding of the key issues, they could be
used for the purpose of safety assessment. Progress was made thanks to the BIOMOVS and
BIOMASS programmes. BIOMOV S’ and particularly BIOMOV S 11, focused on the development of a
systematic process called the 'Reference Biosphere Methodology’ for establishing a logica audit trail
to justify the scope, constituents and definition of assessments biospheres. BIOMASS® aims to
augment and complete the Reference Biosphere Methodology and to develop a subset of example
assessment biospheres to illustrate the methodology developed. As said in BIOMASS "a reference
biosphere is a stylised assessment biosphere, intended to be widely applicable in the context of the
total system performance assessment of disposal facilities for long lived radioactive waste." The set of
examples go from a simple "drinking water well" intruding into an aquifer, to a multiple natural
groundwater interface, passing through to a case with a complete agricultural environment with a well
interface. The different examples developed under BIOMASS showed the importance to provide a
clear assessment context, to clarify intentions and support a coherent biosphere assessment process
within the overall safety assessment.

The need for environmental change to be considered in an assessment is also introduced in the
Reference Biosphere Methodology through the identification and justification of biosphere systems.
The selection of a continuous evolving system or a discrete approach is discussed within the context
and requirements of each specific assessment.

As mentioned in IPAG 3, "many assessments didnt consider any changes with time but many
reviewers have considered approaches with generic, non-specific, well dilution factors to be
insufficient”. An EC project BIOCLIM® started in 2001 with an objective of providing a robust
scientific basis and practical results to investigate how climate and related environmenta changes can
be represented in radiological performance assessments.

In 2000, NEA/RWM/PAAG (99) 5 document further explores the role of the analysis of the biosphere
and human behaviour in safety assessments with a view to stimulating discussion and to identify
further work that may be needed inthisarea. At least, in the IGSC Foundation and planning document
it was suggested that IGSC would receive a report on international initiatives on biosphere issues by
means only of reports by individual(s) to plenary. Thus, this Topical Session was organised under the
IGSC auspices to address the role of biosphere in a safety case. It aims to present the findings from
different fields that are concerned under the item "biosphere” such as the scientific aspects under the
international initiatives, a view of regulators’ requirements and some strategies example of waste
management organisations. The Chapter hereafter summarises the presentations and discussions that
took place during this session.

7. BIOMOVS: International programme on the BIOspheric Model Validation Study
8. BIOMASS: IAEA project on BIOsphere Modelling and Assessment.
9. BIOCLIM: On going EC BIOCLIM Project (2000-2003) 5th Euratom Framework Programme-

Modelling Sequential Biosphere Systems under Climate Change for Radioactive Waste Disposal.

10
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Summary of presentations

Jesus Alonso (ENRESA, Spain) opened the Topical Session by giving an overview of the various
aspects regarding the role of biosphere in a safety case. Firstly, he reminded that the biosphere is a
natural system, and its evolution is mainly driven by climatic change. The biosphere is a dynamic
system and it is difficult for safety assessment speciaists to justify the values assigned to the many
biosphere parameters used to assess doses in the future. Regarding the safety function, he mentioned
that the biosphere has no real confinement function but it plays an important part in the safety case by
having an influence on the impacts of radionuclide releases through dilution and dispersion effects. He
also suggested that the new ICRP requirements have to be considered in a safety assessment.
Moreover, one key difficulty for the treatment of the biosphere corresponds to the treatment of the
geosphere/biosphere interface. He reminded that there are controversies in the approaches to model the
biosphere regarding the level of complexity needed for the models (e.g., simple, stylised and static
with time versus time evolving biosphere). At least, he noted that some proposals tend to avoid the
problem through the use of other "safety indicators' such as concentration of radionuclides or flux of
radionuclides from the geosphere to the biosphere. However, organisations must be aware that the use
of indicators need to be consistent with the regulatory requirements

Then, Phil Metcalf and lan Crossland presented the IAEA BIOMASS project. Phil Metcalf explained
that the BIOMASS project, begun in 1996, by an international forum organised by the IAEA was a
very good exercise for exchanging information through technical meetings and documentation such as
BIOMASS newsdletters or CD ROM. lan Crossland continued by giving a presentation of the
BIOMASS theme 1 that concerns the radioactive waste disposal topic. Its objective was mainly to
develop the reference biosphere methodology and to demonstrate its usefulness through some
exercises related to the development of apractical set of example biospheres such as:

1. drinking water well,
2. agricultural irrigation, with awell source and
3. Set of natural groundwater discharges to natural, seminatural systems.

Input data would always change to accommodate a given repository simulation and location. Thus this
project must be seen as a good exercise for the application of a methodology and should be considered
as a good source of reference biospheres that might be viewed as a benchmark for comparison with
site-specific safety assessments for a selected number of radionuclides. The main conclusion from the
BIOMASS theme 1 project was that there appears to be an international consensus on preparing
generic reference biospheres for postclosure safety assessment but waste management organisations
should also consider the specific requirements of regulators and other stakeholders.

Marianne Calvez (ANDRA, France) presented the new EC BIOCLIM project that started in 2001. Its
main objective is to provide a scientific basis and practical methodology for assessing the possible
long-term impacts on the safety of radioactive waste repositories in deep formations due to climate
driven changes. She explained that BIOCLIM objective is not to predict what will be the future but
will correspond to an illustration of how people could use the knowledge. The BIOCLIM project will
use the outcomes from the BIOMASS project. Where BIOMASS considered discrete biospheres, the
BIOCLIM project will consider the evolution of climate with a focus on the European climate for
three regions in the United Kingdom, France and Spain. The consortium of BIOCLIM participants
consists of various experts in climate modelling and various experts and organisations in performance
assessment. The intent is to build an integrated dynamic climate model that represents all the
important mechanisms for long-term climate evolution. The modelling will primarily address the next

11
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200000 years. Thefinal outcome will be an enhancement of the state-of-the-art treatment of biosphere
system change over long periods of time through the use of a number of innovative climate modelling
approaches and the application of the climate model outputs in performance assessments.

With regards to the regulator’s aspects, Mikagl Jensen (SSI, Sweden) presented the feedback of the
regul atory workshop that took place in Sweden in September 2001, titled “The Role of Future Society
and Biosphere in Demonstrating Compliance with High-level Radioactive Waste Disposal Standards
and Regulations’. The theme included questions such as how to meet regulatory compliance with an
evolving biosphere and how will regulators judge compliance? During the Workshop, presentations
were made from international regulatory aspects such as IAEA or ICRP. There were also very
interesting country-by-country presentation such as the Finnish presentation by STUK which specifies
limits on radionuclide releases from a repository after a thousand years or so. There appears to be a
consensus on the relevance devel oping initiatives on the sustai nable development, the protection of the
environment and addressing long time scales. One technical aspects, the geosphere/biosphere
interface, was viewed as a key issue for future study and analysis.

Regarding the waste management organisation strategies, Aimo Hautojarvi (Posiva, Finland)
explained that Posiva follows the regulation from authorities that will be published soon on the STUK
Website in an English version. As an example, he said that a dose constraint of 0.1 mSv/a must be
considered for severd thousand years and release rate constraint for the long term. The values for
these constraints were given by STUK and Posiva needs to demonstrate compliance. Posiva
welcomes the regulator’'s clear requirements and guidance in the field of biosphere anayses.
Moreover, Aimo Hautojérvi presented the planned future work that will be carried out by Posiva. As
well as carrying out biosphere modelling for potential recipients at Olkiluoto, Posiva will conduct
biosphere analyses for wells, lakes, seas, etc.,, and further evaluate human actions and develop
biosphere models in close co-operation with SKB. Posiva is aso actively seeking international co-
operation in these new researches fields, for example within IAEA. Two potentially problematic
radionuclides were also mentioned: C-14 and Radon plus decay products. These two radionuclides
will be studied in depth in the future Posiva research and devel opment programme.

Abe van Luik (USDOE- YM, USA), ended the presentation by giving feedback from the IAEA peer
review on the biosphere modelling strategy developed by the DOE Yucca Mountain Site
Characterisation Office (YMSCO). This review was based on available international standards and
guidance. The peer review team was constituted of both experts from regulatory and waste
management organisations and national advisory committees. The implementation of the review
consisted of an examination of biosphere reports mainly regarding the modelling and question and
answer exchanges. The final report was submitted in April 2000. It contained twenty-three
recommendations within two broad classifications; one concerning the regulatory framework, the
other one regarding the framework to increase stakeholders' confidence in modelling. The three main
categories of recommendations were outlined, namely (i) the DOE' s Biosphere assessment Approach,
(ii) the definition of the biosphere system, and (iii) the model development, data and results.
Regarding in particular the treatment of the uncertainties in the biosphere, it was viewed as a key issue
during the review and thus it will be re-evaluated in the future performance assessment. The summary
highlighted most of the recommendations received are to be acted on, and are to be included in the
License Application plan for biosphere modelling.

12
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Conclusions

The Topica Session on the Role of the Biosphere in a Safety Case brought together a number of
important issues from the perspective of radioactive waste management implementers, regulators and
other stakeholders. The hiosphere is important in a safety assessment since it is the place where
humans and most organisms live and where regulations are made. The biosphere is more dynamic and
changing than other components of the disposal system, such as the geosphere, and thus the evolution
of the biosphere with time can significantly affect dose predictions to humans and the natural
environment, and can potential affect arepository for radioactive waste. The general conclusions from
the Topical Session were:

— The principa variability in the biosphere is driven by climatic change. This as well as
uncertainties introduced by other factors such as life styles and human actions has a
consequence; future biospheres cannot be predicted with confidence. Nevertheless the
estimations provided for a range of scenarios reasonably defined can provide an
appropriate basis for decision making.

— Biosphere uncertainty can be addressed by using reference, example biospheres, or
alternative safety indicators such as radionuclide concentration or radionuclide flux to
the biosphere (as indicated by the recent regulatory guidance in Finland) and comparing
these values with background levelsin the environment near the repository.

- Most safety assessments have been conducted within the context of a reference, time-
invariant biosphere in order to provide an indication of safety rather than an attempt to
predict actual dosesin the future.

— Thereisamovement in some waste management organisations towards devel oping time-
evolving biospheres to complement the models that use static biospheres such as the well
scenario or the agricultural scenario defined in BIOMASS. One example of work in
evolving biospheres can be found in the BIOCLIM Project with the European
Commission, which addresses how to consider climate change conseguences in
performance assessments.

— It is apparent that the radioactive waste management community needs to seek broader
input from the long-term climate evolution community in order to improve its credibility
among experts in this field. The BIOCLIM project, and other waste management
initiatives in climate change will address this need and will most likely result in a better
understanding of biosphere evolution and how to incorporate it into the safety case.

— Some regulators feel that they are under pressure to make detailed decisions on geologic
repository compliance far into the future. Also some stakeholders are expecting waste
management organisations to make real predictions of the future evolution of the
biosphere and impacts from a repository on humans and the natura environment. In this
respect it is essentia to clarify the NEA safety case concept, which consist of collective
arguments in support of long-term safety of a repository, intended to provide the basis
for decision making. The meaning of estimations of future doses, which is not to be
understood as actual doses, should be clarified further following ICRP guidance.

— The connections between a regulatory guidance, waste management organisation
strategies and scientific studies on the biosphere are not always clear. There are

13
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differences in regulatory guidance and regulatory requirements among the countries
practising waste management, which need to be resolved in order to avoid confusion
amongst stakeholders. Nevertheless, progress is being made in this area through
international meetings and workshop initiatives.

— International guidance from the ICRP is evolving on topics such as environmental
protection, human intrusion, collective dose, optimisation and ALARA. Clarity on these
issues will be very useful to regulators and implementers. The publication ICRP number
8l isoriented in thisline with useful practical guide.

14
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PART B

COMPILATION OF THE
PRESENTATIONS

(Please note that the overheads of the presentations
are available upon request from the NEA secretariat)
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Reference Biospheres for Long Term Safety Assessment

Carlos Torres Vidal

The Agency Programme on Biosphere Modelling
and Assessment (BIOMASS)

In order 1o assess the radiclogical impace
of practices and inrerventions velared o meclear
fueel and

radiopciive waste management, it 15 NECERSATY o

cycle other  acovines,  mcluding
be able o analyse and quannfy the behawour of
radionuschides w the boosphere. In the past there
wete two poncipal  intemnasiond | programmes
mmed ar rthe improvemenr of methods  foo
assessang the smpact of odioneclides i the
EAVLIECNMEnt; are TAEA"s VAMP
programme and the BIOMOVS  (BICsphernc
Model suppormed

nrganizanons from Canada, Spain and Sweden.

they

Validanon  Smdy) by

The TAEA™ VAMP progeamme wis established
to tike advantage of the opporfurnuty offered by
the fallour trom the Chernobyl acoident for test-
i the predichons of ennmonmental models. Fol-
lorwng this accudenr and on the recommendarion
of the nrernanonal Nuclear Safery Advisory
Giroup (INSAG), the TAEA esmablished a Co-
orchnared Research Programme m 1988 on “The
Validanon of Models for the Transfer of Ha-
dinnusclides i Terresrmal, Urhan and Aquanc En-
wivonments and the Adguisinon of Dara for thar
purpose”. The VAMP Poogramime was stamed in
1988 and termanared an 1994,

The BIOMOVS | programme was lamnched ar a
meenng in Pans, i 1986 and was complered in
Stockholm 19 BIOMONS 11, a follow up peo-
gramme to BIOMOVS 1 was stacted in Ootober
1991 and fimshed 0 Ocrober 1996 0 Vienia,
The pomary objectives of BIOMOYOS pro-
grammes were: (1] to test the scouracy of the pre-
diciions of enviconmentl assessment models For
selecred conraminants and exposure scenanos, (2)
o explan differences in model predicrions due ro
ditferences un model strucnice, modelling assum-
tigns and/or differences in selected input dara
and (3 o recomumend poonties for future e
search o improve the accusacy of model predic-

TS,

In Ocmber 1996 the JAEA nched an [nrernanonal
Programme on  Higeber Modelioy and eresment

Methads (BIOMASS).

i
The Agency Programme on Biosphere
Modelling and Assessment Methods

{Biomas) was launched in Vienna in Oc-

tober 9. Around 1K) representadves of 30
countries atended the firs BIOMASS

The programe ams to provide an inremanional focal
poant s the avea of biosphere assessment modeling
and o develop and improve models and modeling
methods for the analvas of adionuchde transfer n
the hicephere for use in radiologeal assessmenrs. The
programme addresses important eadiclogical  issues
assocated wich accidental and routine releases and
sohd radwactve wasre management.

BIOMASS has been
proved to be a very

BIOMASS ACTIVITIES

LR LIS TEbE b Riiny
o Tl Foiin iof i vl i ) v

active project, more
than M working
meetings were held

since 1996

— EITHLATE '.'-||.'I-. 1k
A collection of Sth
newsletters have

been produced

{around 100 pages)

(Coredity BIOWMLALS Prjacy, LAE.A)

17




NEA/RWM/IGSC(2002)2

Page 2 Reference Blospheres for Long Term Safety Assessment Carlos Torres Widal

The Agency Programme on Biosphere Modelling
and Assessment (BIOMASS)

m ORGANIZATION m SPONSORS

The TAEA 15 reponsible for the overall
coordination of BICMMASRS and o 15 the leading
orgamsation for all external dealings  associared
wnth the study.

S BIORLASS CO-ORDINATING COMMITTEE

THEME | i B
RAIM BACTIVE WASTE DisPosal

THEME 1

ENVIRONMENTAL HELEASES ',l
1

THEME }

PORSORS BICEFHERDT PROCESSES

—

{Cradit; BIOALASY Prgfect, LA}

The programme 15 beine carmed our under the
L= =}

randan

head of the Wasre Safery Section.

spervision  of Linriey,

The coordinating  commirtes i3

responsible for all decisions celar-

Jing o the
themes, working groups and their
objectrves. It continuously neview

rhe overall progress of the smady. It 15 responsible
for all decisions on pubhcanons assocared with
the study. The TAEA 15 making an effort to en-
sure that the BIOMASS project
and iz documentation are fin-
ished and complered by the end
of 2001, As part of this process
the BIOMASS Sreenng Com-
mattee has been reinforced. M
Bew  Walterr (Food
Agency, LK) became irs chawrperson since 199

Srandarcds

The sponsors organizations played an important
role in the BIOMASS programme. They provided
the Agency with the resources and the expertise
BIOMASS praject.

neaded for executing the
They ware always represanted in the BIOMASS
Co-ordinating Committes,

establishmenr  of

My

ANDRA

€) BNFL

Algenoe MNatiorad por b Crestion der Decfedty
Radiacsife CANDERAY, Franee

Burseah Navciear Faelr pie (BNFL),
[ Twiited Kengalom

Cenerr fow Diisea Cowrod and Prepenison

o, UIRA

Comanoame o L Ewerpde Aosaigue
(A, Frawes

Centrn e Tnpestinaciones Ewer-

-
Cremal - viombioni e

wmdsgicar (CTEMATY, Snon

Eopwesg Neaceswal de Rerdor Bl
e“ re}ﬂ actrper A (ENRESA), Sparie
E'?EED.EHDE Fapd Seawdands Agercy, UK
AEEMNCY

- |I||| Mttarsad Conperative for she Digharal s K
1 i T areia r - - el
"ﬂg ra imaetine Wante (MNAGRA), Neitoerimg

= Taeceiewer de Protectton of de Vorete Nycloaire

TIPS, France

Llasiserd Bingalonr Iinge Lia (Thinal,
LTapsgeed Boingelows

J[\ x Sy Narcfear Cyele Develapuserse Trisitase

(NG, Japan

Semdiecowsrnm vaor Kervenerae / Centre
SCKe d'Einds de 'Ewersiz Nuckeare, (YCKCEN),
e

Sradtever Neralvkpdaninaion, Sweden
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The Agency Programme on Biosphere Modelling
and Assessment (BIOMASS)

ERLOIRLARS ciivers thinee EIgH 1 b e

Lateed b asdinnremiiaicintal dtw i ling sl wilef oseessinieis

BIOMASS THEMES
TN |
EAEAC TIVE WASTE ISP,
THENIE S
ENVIRTIRAIENT.AL EELEASRE
v DA BT TR WA
¢ FEREEMATICTN ASAESS R
ILITAZTE,
NICEFEFRIC FREHFRSES
= TRITHE SO LIRD
A WEITTE MOEws LIk
~ PR LT WAL L TR

AT FLEERCE WCEF |
POH LEME TERM SAFETY
ASAERULIENT

I'h--:ur 1: Hadis FEE RS W el ['llhl'll vl
L I 1 zume m ih l.|'||||I il
“Helerenoe Dasplier
raticm for the

(NI
| lais R L] il
i o prescncal svstern foe apph
st af thie bog term safeey oo gen

|-|J_-|| il mixiosm nes G richoastme wasie, Ay poEtiay el

Forenmiial Rudsoactve roleases o il

smphere mom o deep gealopicel dispaosal
Facility { Credin DNOE, LISA]

b b ||r-||_-rJ|I|I|.u w5 o dley |,||. i sailaein ol \.ull,l'. vl
erice bwsphiens, wlech cam provicle 8 wsedul pome ol
referonce a5 broslly spplcalyde mbcaies f podemial
lII l'pl JI i 'I.II I Buovi r.|||: T IJII' [y IJ MRCN SR LITTIIAg mi II |1}
|ll|l,-_' |E=HIL

I'bheme 2 Eovermmmeonial Heolcases, [oowses on

wmaies of dise recoismciem dmd ||'||'u|||.l||||-|| [ LT

i, Bany nacisial Iyirie aiw] muelwmmics showed s
el i adids sl CralCe T o dbe effeors of hision
releasses, Bioth plimmed amd accidenis] snd m pmsling diss

sraias v aliermanve tecks |||||-.,_I|| & ol iR avinkilal

losd' FeibbiflEibnail as] o

iarexl I 'nl'|.|-'.|||:|
(S I TEITRN

I homrwe 2

BT HIS I vl

HilcR
gy have By
witlim IR ASS
The D

i Wil s pisncermed wak ohe
. evalusiim of the relishdsy asf

A

imcthnds sl o slome T
vinisEr g Boer speciie miily
vidulas amid members of b b
cifie populaiens subgroups
it [Bermisbuidn s asscsaairial
Wols o6 snmmme o evalugis ile
ol Indy ol ek

mie ok e

The Working Growp on 39880

Dose remediation  wsed 3Pl m suppon of dec

wiiribd I dichere Wi (sl

the insdverient scuie e
clecveiess af mak
lease of LI o the esvi-

Tl EfRCRLIAES WAlliaE dEl iTve
H anid-

remierinl  remedabon o
ferd Pusrex Chemical Sepa- qumse. The  remschasnm

ritione  Plant ocwrred on

irilia

rameaeeEl brain ik

psspsanenl | ewl case cveridd
5-1.'|Ih'!|lh:l IEY g5 o Test ithe eslawicise oo wi i
il raomnn |
bromgghi alwmr by a foemcr mdoen ploe, wlacl was sbos
by mi UG

I & w0 Moo

Fheme 3: Biospherc Processes. The wm of s
Ihiemie i 8 A Ijihllllll.‘lll"\- i |'.|'-|||'|||||J_l Hie Fraisler
il railswiichades wi jrin ilar prarts ol il |vw ikt o bnnh
lave beem silemtifd as o o posential mdioligaeal ag
mbhEnic

[RETE me = heng |l.||||.||-\,| lisnnz i st ol

mieihisls mehaiing wveews of e Lzt odel mie
tewicli] 1S

l'l" 1 'rL III'_;

Latimipe lwine I = AL RS Lt wiw il ||||'_; af: 1) ||-||;_-

crArgarisin evettses aml whee |-:'.'\-||‘l|| .

gpianal walipendenl  soperes ol clada, e

e it abepersim mthe eovin s 2 adeasichib
ke by fuies and %) cdionschde migrmmon and socomn

larwsn i forese ecomvarsns

The
Working Gromp #s o reduce
the usermaimiies  assooiaed

mim of ke Fmirs

Ths
Ceroup objective @8 14
enhance owr ahiliy o

frrieai W O b

witlhh musdeling ibe geaiales
il rddlioriiecliles s Erildsiedl
thereby o impreve the m-
buminices of the models

meislel  the migracim

dll:l JJ'I'IJIII.IIIJ'IIIH IJI

mboachales i Boresd

19




NEA/RWM/IGSC(2002)2

FPage 4

Reference Slospheres for Long-Term Safety Assessment

Carlos Torres Vidal

Setting the scene: The Reference Biosphere concept

The applicarion of madiclogcal prorecnon objecrives
in the context of the safety assessment of geological
disposal svarems for solid cadioacrive waste has been
interpretedd o inchide some form of hoetanion o the
saciarion doses and nsks mourred by those people
who may be exposed follosnng closure of the re-
postory. Consideranon therefore needs o be given
riv the biosphere svsrems mro which fumire releases
maght ocour, as well as the behaviour of pecple n
velarion to such environments.

However, the inherent unpredictabality of human
actions presents problems borh for the idennficanon
of fumre enviconmental systems and the determina-
non of portennal exposure pathearays. As a mesulr,
there are significant difficulnes in derermining the
precise radiological impacrs, such as radianon dose
and nisk, in the long-rerm fumire, many hundreds oc
thousands of years afrer repositony closure.

The former fishing
villagre, Uchsay, is

The Aral Sea secn in
a 1%6is Photograh

An human action transformed in kess than 40 vears a nich
and populuted kake ccosystem into a desert

Any descopron of the bosphess used i a long-teom pedom-
ance assessment could therefore appear somewhar adbateary.

Binephere avatems camnot be predicred i the S furure and
cint only be atwdied by
reference e present
dav or histoncal exam-
ples. Thiz  dufficulty
means that assessment
biospheres that are -
teided o apply o the
far funeee well be Lagely
hgpothetical, albenr that
they  may  be  con-
stemned by knowledge
of the past (and posa-
bale fuwiure) evolunon ol
4 se. A typacal oap-
progch s consemct &
senes  of  assessment
bicspheres to broadly eepeesent a ruwge of possfinl forwmnes. Homr-
ever, taced wth almicst infioate possihalines, the difboulty les
m provichng assurance that the modeled outcome 15 sufh-
ciently robuse and reascnable. Reference hinspheres, of based
on a good saenthe appreaanon of the key ssues and a wade
consensus @5 o what s seasonable, could be a vsebul way aof
provichng this assurnce.

Biosphere svstems that exist in the
far future will be shaped by many
natural forces and pnlnown techno-

lrgheal advances.

Ancther wmsue s that of stndasdeanon, In 1075, ICRF pubhb-
cation 25 srated thar " althowph wdivduals vary consaderably,
it a8 ampoetant 10 have a well defined reference mdwdual for
eatmanon of diatiom dose”. The Commisson hoped
auch a reference adimdual would be secopmzed and used
widely s that health phypsacases eonld compare and check thear
eesudes wrathour tediows enumesation of asumpions o sathod
the n:k of munor ditfesences m these assumphons obscunng
the bBaswe agreement or disagreement of ther seaults. Today we
can sy that Refesence Man' was anmpostant step foewad i
cadiclopeal protection, especally i the asea of wmitesmal and
extemal dosmmetsy. [t maght be sinilady argued that, although
future heosphere syvatems and assoared potennally exposed
humans canmet be predicred, 1012 impoetant to have a well de-
fingd Reference Bivsphere (anth assocated exposed homans)
for estinanon of sdatcn doses anang foom long-tesmn ge-
leazes of radwmuchdes o the environment. As with Reference
Man, wde wse of Refesence Brospheres would he helpiul
copss-companng and checking results

Such thowghts suggese the fllowng debimabon. A wlerence
hivsphere 5 a styhzed assessment osphere, mtended w0 be
widely appleable wm the contexe of the toml svstem pertom-
ance assessment of disposal Baclines for long-lved eadioactive
waste. Reference Baospheres serve three man pumposes: pro-
vidhng gpenenc bacsphere mbcemation o the absence of ate-
specibe dara; providing assucance thar assessment basphees
are both mbust and reasonable, and serving 25 a standaed w
Eaciligate crogs-compansons and checkmg of sesuliz.
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The BIOMASS methodology for deriving

Reference Bf'ﬂsph eres

The BIOMASS methodology poovides a foomal
procedure boe the development of assessment biuo-
sphieres, hased an a staged approach i which each stage
mieoduces fuether detal so that & coherent |'|LraciE!||.'|1::L'
system  descopticn and  correspondmg, concephual,
mathemuncal and amencal maodels can be constmcied.
The methadaology 1= presented schemancally i Figure 1

{althoweh thes Gpuree does oot eeflect the wnpoctant mle

of wesphon an the methodaologs)

4.L

Assessment context

1. Idennbeanca (using a se-
aes of tables) of the type of
Prnerpal Component o be
wcheded  wathun the  assess-
ment nosphere wogether with
4 esplananon (usthhcinon of
the chonce, For example, foc
the TPonopal  Component
wparer bodies®, the sdentfied
Pancipal Component  Types
mught be an aguiber and g

lewid -alinasaluiv

aldnampehue

_— f‘--_ 1-#

Lol ra i

Credit: BIOMASS

SFHERE METHODMIL MY

FERENUCE

Project, 1AEA

Dghmmg the assessment context 13 the besr srage o e
determinancn of 4 aurable assessment osphese. Thas
wvalves consadenng o number of undamental 13soees
that defne the overall requesements, pancpally

the purpose of the assessment,
the endpoant of ay assessmeni caleulations,

the site conlext,

-

-

N

#  the cadwnnchide sousce e

#  the peosphere-hiosphere mreelce:

& jhe nmelsme of the assegament; and

*  the assessment plabosophy (eg the level of cau-
pon conservatam o be appled)

Wihale rhese waues may seem abveows, the Gier = that

they are sometimes Tl unspoken, saang the unvwanted

posabality that they could be deaded atarnnly.

4.2,
justification

Biosphere system identification and

Thas stage of the methodology begins the process of

coedhng an assessment boephess based upon s Ponc-
pal Componenis of the osphere systeme climare, peo-
graphucal extent & topogophy, human acovines, near
suelace lthosemngraphy, warer bodies and ot Bio-
sphere system adennbeaton pnd pustheanon tabkes place
. Four mam steps.

aver.

20 A decesion oo whether or ot e assesament Oompexl
cequnees eosphere change to be represented. In deading
thug, s components of the asgessment context are pamou-
laely celevant the twmefome of the assesament and the
peosphese-hrosphere mieface. A constal sie, for exam-
ple, it may be consadered necessaey o consuder the effect of

a change m sea level,

I If binsphere
change 1= 10 be
eepeesented, the thad
step consadess poss-
hle mechanignes  for
change and  ther
potential ampact  m
omder 0 wlenndy
(quabfanvely) a cange
posable  futuee
hicaphe e states.

ol

4.~ Finally, it 18 neces-
sary ) decide
whether these posa-
ble fumse hospherse

— R G i

aran

Erersr.spesddtid
Whaa

Lt aa
Errm e [
T
- - b T I
| et =
[e—————r—
-
) R T
- =g
| L i
[
| - — {
oy |

states are bo be exammed mdependendy o n segquence. I

the larter, then cae maght wash o consder diffeeent se-
quences or pechaps o foois on the tananons fom ong
hapsphere state o another

Possible future biosphere states
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The BIOMASS methodology for deriving
Reference Biospheres (1)

(1) a descapuon (a “wood pricnuee”) of the svsiem thar de-
senbes how the svestem components are accanged spatially
This stage of the methodology s ammed at providing suffi- and ternpocally, and how they nteerelate; and (2} a descap-
cient detail abour the laosphere system (or syatems) 1o jus- ton ol the porental exposuce pathrays.

nfy the selechon and use of conceprual models for -
thomuchde transkee and exposure pathways. To begn, el g word picture of an sscioublural spstens (Credit: P, Pineida, O, Spain)y
methadology requeees a dectsion o be made regarding the
asgumed level of human anrecacncn with the heosphere
syatem (lor nstance boeggng a3 aatusal o semuaatueal
environrnent compared ooantensove agmoulioee]. Then, for
each of the Pancpal Component Types, liss of poten-
nally ampoetant chasactensucs (e.g Table 1) are sceeened
o detenmine a shoet-lise of thase thought o be selevant 1o
the assessment. 5o nsing the example gven preeviously, af]
amt aguuber and a aver wene the wdennfied Pancpal Com-
ponent Types foce the Pancipal Component “aater hadies’,
Table 1 weould Be vsed w0 desenbe the chamcrensnes af
the of the aquifer and the aver thar were 1o wsed 1 the
asaesament eosphere.

Biosphere System Deseription

Water Bodbes Characteristies
L e R
* Lol Candidate critical groups
- Pomilioes
- Variticn (Sictal, Local) Dhaang, the Biosphese System Descaption stage, consudess-
ut *  Baial charscteistics ton of the mesctions between the uoaphere syatem and
Flaw () B ., Y
) . the azsocaned human commuoty allows a2 owwde mnge of
- Vargation (¢ g Pertianent, £ plertesal) . Cl
Suspemded sediments PFncmrﬂ rachologacal exposure pathwavs o ke descabed.
& Corseusion Table Z, for example, 15 paret of a mble prodoced as an aid o
& Liad the methodology. It deals sath himan actianes that could
Freepe Thaw Phenorisic lead e potental eadsologneal exposures Bromm conmcts wath
* Grond Beexing water Bodhes, The complete rable (not repreeduced here) also
- Seasonmal - H H 3 3 & : -
Loy Teras [Peeen alvt, doe boka, 5] al]u_m-. comgidension r:d_ contacts wath the ammosphere, geo
- S pack developei et lospacal media, soalz, sedhnents, Bona and planes. Tt alao kares
*  Wner bady Treezing the parametess [or which data aall be sequared.
Hydll st lse imnis civy - - . . . .
& Corspsiin of s |:11r_:nrm:|||::u1 then zerves as a bazas for the wdentficanon
of candudare cancal groups o whech may be added any
- Pelligporr arviores gredl £l o | il = h ¥ i £ F
P other potential exposure groups that |'|'|.1'E:|'|-I e ol mlerest.
_ % Ovuarie compoursls The mn:1hr:u:|r:-1-:_:|m- alse poovudes detaled pudance o dssues
{Credin: . Plmedo, Clemat, Spain} - s such as whar 15 meant by a “canhous” (a8 opposed 0 an
T " « « 3 H s
| & pH e Bn equarable”) appeoach and how one ought address the wssue

af age-related effects.
Working svstemancally theough these hats allows the man

F-F:||1:rcﬂ af the hosphere syatem o be -::Ir.m.':_i]mn:l, aloung- Préncipal Potemtisl exposurs mode— Helaied activites
ade the reazons for the vanous chawes. For example, Conponends  Ex pasmre rombes
consderanon af the socw-economee context of the local Waler Badlies  Inbubition: Spewy, Acrcech, Yolaile T ——
hovrenan, conmmumumany allosws the descapnon of human actvi- g, s, Geckisg
nes leading mo potennal sadiclomeal exposures (shown o Ingpstices drisking Dhinking
water bodies i Table 21 When all the Pancpal Compao- Ingestioes Ineidistal Trgaestion Thusirgs Bathimg swimming
|'|-|'.“|'|.I.-J.'_|.'|'!-|:.“H have I.w.m dealr u.uh,. il the assessment contes Tngetions- Haiing Ceclting, peattloes
requires if, the mres-relancnsiups beraeen the vanous - - - -
h N o Exiemal: Sal = Waer, | Euatling, wxmsnimg, e

Poncipal Compoaent Tvpes are then descabed. G Wanes b
r . . - - . - Crermal Alswplion: Submesieon m water 5w g, bail '}
The carputs of this stage of the methodology consise of SR

H activities lealimg be | il rndlinGion oxpeseaires o cenler

with waler bodies (Uredit: BUCOMASS Theme 1. LAEA)
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The BIOMASS methodology for deriving
Reference Biospheres (111)

Model development, data selection and cal-
culation

Nodel development Begens with the construchioa of a
conceprual maodel, whech sequuees the wennficatson of
thee eelevant “concepiual maodel chiects” these are dis-
mcr envionmeneal medi thar onay influence  dhe
doge e the candedare cancal groups. These ghould
become evadent Cromn sceeenung the ‘human achivines”
rable, pase of which s shown m Table 20 Examples of
conceprual model ohjecrs smght be sod, water, coops,
livestock, but alao less obvaous items such a3 a wratere
e crop sieeage svstem The nese step s o consuder
the anrerachoms herween the concepnial model ol
jects. Herve, anoanrecaction matng has been fownd use-
ful and Table 3 shows such a marnx eelevant o BIO-
MASE Example Reference Bawsphere 24, an agocul-
necal system in whech contanunated water 15 used foe
wengaton {the marax has been amphified foe sepes-
ducticn hese]. The conceprual madel olnects appeae
un the shaded hoxes (genesally known as as the leadmg,
diagonal elements of the marnx] and the inreescnons
are shown e the wn-shaded boxes [the off-duagraal
elementz), Fumher explananca g peovided o the Ta-
ble capron.

A thas seage a3 wselul e check the coacepnel
madel agamest the Intemanonal FEPs (featares, evenis
and processes) List to ensure that no impoctant FEPs
have been excluded feom the coancepnesl madel.

The et atep @ o constmct a mathemancal model o
I
quanily the relanonships conmned m the concepnal

roclel and there may be a number of altemative matheman-
cal mcdels foe any one concepnial model. Companiment
rosclels age Guwmbiae tools foe eoplemennag a mathemane:
model of sadicawchde teanspost i the osphere and hese
ome would expect that, put at us amnplesr, the concepiual
rsdel objecrs would comespond e the model compart-
roents whale the oflf-dhaponal elemenrs i Table 3 would cos-

eespaond 1o the rmansfer facrors berween the compasments.
The exposure model would meomaorate the candedare can-
cal growps and, wndeed, any other portennal exposuce geoup
thiat was ol mienzar.

The avalalnliay of appropoate data to use i the model 12
cleady of great importance smce the data wall dueectly aftece
the mumencal ouwtecme. Less ofren appeeciated s the face
that data avalabahiy wall alzo affecr the chioce of mathe-
maical meodel, For these reasoms data selechon s seen a8 an
impoetant activiey wathan the methodology. Expenence wath
BIOAASRR showed thar dara selecnon, of carmed owr wath
due ngoue, puts lugh demands o exped esources, The
conmibmanon of dara aod meathemaneal model allows the cal-
culancn, fest of the eadicauchde concenteanons e the me-
i of mirerest and second, of the doses (oe cther endpoanis)
eesulnng feom exposuse of the candidate cencal groups w0
these medha, The canchdare caneal geoup wath the loghese
dose would be the hvpothencal cancal group. Almost mevi-
tably, there will be a need For some termbon o ensune that
there aee no other porentally exposed groups thar oughe
recerve hagher doses than the hyvpothencal cancal geoup.
Thes mughe enrml addincnal caleulanons Cade caleulanons”)
thar, while thev do oor affect the caleulared deses, poovide
combidence thar the caloulatioans ave oobuast.

Simplified radionuclide transfer matrix for an agricoltoral irvigation

The leading diagonal {(shaded) elements

Water b= Trzipasoo amad lergman Water aresl oy T Ak Rhml'l d'“: comiam [ﬂﬂ“:'li I'I'“:dl-.ﬂ {[hl: oo~
sed sadimarn skt s imari ingee ceptaal model objects) and the off-
aguifer framsbes fen rgman e diagonal elements show the pathorays
between them, The matrix always works
- 3 o - I'ranetar of eodl o= crops Lripym b1 - . . . - -
* c"':‘;"“’ i : ' in a clockwise direction so that, for in-
'"j:;;f" stanee, radionuclides in the *water ah-
stracied from aquifer’ (element Ll)
x el | | Hanteg x transfer directly to “food and fodder
':'HH cropa’ (clement 3,3) via Srrigation / leaf
f interceprion” (element 3.1 Similarly ra-
z FMaruring z Farm Haughieding, miking md x dinouclides in farm animals® (4,4) find
aand I gy colarien N N N . i1 B
their way into “cultivated soil® (2,%) via
3 3 L H
N R N B ot — manuring® (2,4). Each of the martrix ele-
ing 2 age, distribution & ments can be related o a component or
processing a fearure of the mathemartical model, =x*
sigmifics no radionuclide wansfer in the
X X X x x Hiisan
. concepiual model.
AT LY

Credit: BHORAASS Theme 1, IANEA
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BIOMASS example Reference Biospheres

Dievelopment of the Examples

18 a refeeence beosphere 2 o be usebal, i cleady needs
i he capable of beng vsed o0 wede sange of cirowm-
srances. The most widely appleable assessment bio-
sphere . comumon use 13, pedhaps, a dnulr.ing waler
well eiteecdong anbe g contananated ru_luil.'n:r. Uit bsefu-
nately, fius aufles twom the deadvanmge that the
ranpe of exposure pathwavs i3 naceow, 8o susiag he
prossthilary thae potentially ompoctant exposuse path-
wcays and, ndeed, ompoct FEPs mueght be ooarred.
A mioee complex biosphere would allow these com-
plesities m be meluded but mught then become less
wrdely appheable. In devising a pracneal reference
baosphere therefore, the problem o fnd o appeo-
poate balance between simpheiry nd  complesaty,
Wathin the BIOKASS progect, this poblem was ad-
dressed by developing o mnge of BIOMASS Example
Relerence Buspheres (Examples”) of e easug, com-
plexity. By raking these thmugh i o numencal caleu-
Lt 4f was Imped that o meght be posable o make a
judgement seganding horh the bencfies and deshenefis
of the addironal complesiy.

Frour Examples were mken all the way though ooa
numencal caleulaton, Al af them relare w oo fogpern
cliprare though wath oo apecilie locanon m momd, abl
fonie asseme unchanging bisphere condibons:

(c) Exameple 2A: an
agnoulo]  aragation
well miardmg i an
aguifer  that 18
contimumated wath a
specafied  concentea-
noee of srdwnuclides.

iy Example LA a donkng water well imtauding mio
am guguiker ehat o8 comtanuated with a specibed
comcentramnan of srdonuclides.

(b Example 15: 4 denkang water el unrriching anio
aaguebers that 3 conrrmmared by radwnuchides
and wheee the sadicnuchides aee celeazed i the
apueter at @ specihed e,

GRINKING WATER REFERENCE BIODSPHERE

In many cases, it is desired to have a very simple bio-
sphere model that is stll a relevant indicator of reposi-
tory perfermance. Such models can be usclul in carky

- i i,
A0y 1
] e ¥

nt stages such us proof of con-
cept and site selection, where perinent site specific
data may be boking, They may be usefal in intercom-
pariseas between strategic alternatives for siting or re-
pusitory desigrn

{d} Example 2B: 2 naneal discharge from g contammnated
aguiber (speabied concenteanon of mdisnuchdes) mio 2 mernbser
of different kabatats, meluchng asabile, pastere, seme-natueal
wetland amd lake.

While the Examples have been used m develop the BIOMASS
methodolngy, they also serve o demonsemte a5 apploanon. In
takang these Esamples aght though o the pomt of desvmng ne-
meacal endpomes, the miennon was o Gilly exercize the method-
alogy, ncluding the s=ue of data selecton I was thes aspect that
demonsteared that data selecton eecjuares hegh levels nfc:pcu -
sources. Indeed, the progect preatly unnderestumared the level of
etfor that would be required o sansfactonly complete the wodk
of date selecnon and, g2 g el o became mecessuy 10 fesing
Examples 2A and 2B to g selatively nasow mnge of swdonuclides
(INb-0d, Te-09, 1-129 and Np-237).

The poject also developed the methodology 1o allow changang
hinsphere condihems o be addeessed and threee ‘changng bao-
aphere” cases have been mken theough @ the Tosphese adennb-
cation and jushfcation” sege:

[ A case based o Aspo (Sweden) meoporanng baosphere

change mduced by land nse due m placil cebound and & iferent,
non-sequential, glihal clomate setes.

(b A case based on Harwell (UED wcopomimg hiosphere
change wcluced by defferent, u.n:t-ﬁequ-curial., Hobal clote stares.

(e} A case based on Example 2A with beosphere change induced
b dhfferent, sequential and non-sequennal, global climate stares.

24



Page 9

Reference Biospheres for Long Term Safety Assessment

NEA/RWM/IGSC(2002)2

Carlos Torres Vidal

BIOMASS example Reference Biospheres (I1)

Mumerical Quiputs from the Examples

As intended, the Examples displayed significant
differences, particularly with respect to the
dicnuchde transfer pathways, the exposure path

ways, and the charmctenstics of the hypotherical

crfical groups.

Calculations were carried out for FExamples 1A
and 15 "drnking water well” pathway) for a wide
range of radionuchdes. Calculated dose values for
the different radionuchdes spanned five orders of
reflecting  thetr  different  radio

magnitude,
toxicities. The results for Example 15 highlighted
the influence of dilution processes at the peo

sphere-biosphere interface,

and 25, results were deter-

For Examples 2/

mined assuming unit concentranons of four
dionuchdes in groundwater: 1-129, Np-237, Tc
99 and Nb-94,
chosen to demonstrate a range of chemcal and

lhese four radionuclides were
biological properties and to be relevant to the dis
posal of high-level radio

Reactor Nl

active waste. [Doses from

the frst three radionu desmianielamienin

clides were dominated by
whereas  for

MNb-94 (a
gamma emitter) external exposure dominated. A

ngeston penetrating

comparison of the calculated doses o the candi-

date entical groups from these four radionuchdes

m Examples 1A, 2A and 2B revealed thae

o lngestion exposures from ergarted  agricul
tural land (Example 2A) were about bve

itmes higher than from donkmg water alone
(Example 1A% for Nb-94 the external ireadia-
fon doses were very much higher than those

due to "ls‘-.lscit stinf. This led to the conclusion

ar edt jare de

that consideranon of the donking warer pathway
alone may result m underestnmanon of the doses
tir the hypothetical cotical proup.

For the four radionuclides examined, ingestion
exposures for the natural discharge Example (2B
were up to two orders of magmitude less than
those for the wngated agncultural land Example
{2A), provided that consumption of *wild” {Le. un
domesticated and unculovated) foods were ex
cluded from Example 2B,

Radiation exposures due to the ingeston of wald

foods have the ]’?-.l:-_'rlh';l; tor dominate doses in Ex

ample 2B, the natueal discharge case. In part a
least, this may be because lack of data (on techne
tum uptake inro funpt for example) made it nec
essary to adopt a cautious approach.

In broad terms, the data requirements for Exam-
ple 2B were one to two orders of magnitude
greater than for Example 2A, which m turn, were
one to two orders of magmitude greater than for
Example 1A. At the same tme Example 2A pen
erally produced hgher doses than 2B, or broadly

foods are mcluded 1in 2B.

similar doses if wild
This suggests thar Example 2B may be approach-
g the upper hot of what 15 desirable m terms of

e -mp- b 8

ity,

25
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CONCLUSIONS

Uhver a four year peried, the BIOMASRS Theme
| project has utilized experntize from all over the world 10
develop a meithodology for the logical and defensible
conatmiction of ‘assessment biospheres™  mathematical

representations of biespheres used in the todal system per-
formance assessment of radicactive waste disposal

CONCLUSIONs SUMMARY ABOUT THE METHODOLOGY

i Aomethodology has been presented for the development of “assessment bnospheres” for use mthe salety as-

sesament of sobd mdwacthve waste desposal. An assessment bacsphere 13 debned as 2l s of aevaghiions avd

Sy
selaier of repaiiiory deiriied radis

5 S SF & RABLTATY B ProadE o cewiiatens Deteds for 1R cniriavionss of rie raciieksical feghact SiED (RO Smn-Ters

ey 3

M rhe Baspderes.”

X The methodology has been developed o be pracneal and o be consstent aath recommendanons feom the
Internatona] Commasaon oo Radwlogeal Protecticn on adianon pootection o degposal of long-hived sobhd
radhcactve wasies

3 The methodalogy was developed wvolving consulmbon and collaboratcn wath many celevant cogamsa-

nong, mcludmg regulators, operatees and 2 vanety ob independent experts.

4 The main steps an the methodology are:

1. development and confiemanon of the assessment contexr,

[

bacsphere svstem wdentification and ostificanon,

e

bacsphere system descapiion,

4 udennficanon of sepresenninve exposed populanon geoups, ncludng hvpathencal concagroups;

i

concepiual and mathematcal model development for cadhonuchde mgranon and sccumulanon,
amd COARE LNl eaduation EXPOSUITES,

6o caleulanon of assessment endpoanis (eg. doses) and confiemanon, nomally by veeation, of the
charactenatics of the hypothetcal cancal groups

5 The mopomance of a clear assesament context, 0 claafv arennons and suppoit 2 cohesent nosphere asseas-
ment process witho the overall reposatory peclomuance assesament 12 2toongly emphassed. A owell descnbed
AERERSITEND CONTEXT 18 A anpociant vl fre IR L COHISIETENCY ACn08s the |'||-|;|l_||-|'|'|;|_|'|.,|_ ARFEAMEnt as 4

whole

(3 The BIOKMASS methodolog

s address baosphere change.

¥ provides a svatermnane appoosch to decmion making, mcludmg decissons on how

T The wuse of mrectcn mataces has been fownd o be helpful moclanfong the mresacnons berween daffeent
habatars wathon the beosphese system and the aagmibicant sadwouchde reanster pathasvs snthan the baosphe e
systemy; alse a5 3 means of chee ln.ll'l!." for comzstency

# All Bacssphere mycdels requure data and thas sequirement creases steeply a3 the models become moee com-
plex. A dara pretoced has been constructed ro peovide a logaeal Eramewordk foe data selection and 1o pecomiote
adequate documentanon of this anpostant area

9 Drgvelopment of the BIOMASS methodology has been focusgzed pomacly cn considertion of haman eda-
non exposuees denved from groundwater contammaton. The methodology s thoughe 10 ke suable for
cthes calculanonal endpoants .||'|-:| souece temmns. It s also hkely thar the same key steps in the methodology
could be applied o development of refesence assumphons for esposures srnsng I|'||l:-||:.';|'| T ineniseon.

Crodit: BIMASS Theme 1, TAEA
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CONCLUSIONS (1)

The methodology has been used to creale a series of refer-  appropriate assessment contedd, could be wsed (o caloulate dose

cnce biosphencs: the BIOMASS Example Reference Bio-  directly froin sadieasclide concentrations in groundwater. The

spheres. Thess are stylised assessment bioapheses thal, in - Examples may also be useful o odher assessments by, for in-
addition (o illusirating the methodology, are infended to be  stance. indicating the possible level of significance of potentially
uselul assesament tools in their own right. These Examples  relevan features, events and procasses.

include numerical caleulations, some of which, given an

CONCLUSION"s SUMMARY ABOUT THE REFERENCE BIOSFHRE EXAMPLES

The methodology has been developed and demonsteated theough the constesction of a ser of examples. The ser of exam-
ples involves mereasing complesaty, demonstmtng the anplicanons foe biosphere maodeling of mcluding a wider cange of
habdtars and groundwarer miterfaces watun the osphece, and the coreesponding inerease e the number of eadicochde

reansber and exposure pathoays

The ser ob example assessment contexrs was chosen o be az wadely relevant as posable, taking mto account diverse repula-
ey sequurements and the weeeeses of different assessment groups. These examples ae:

Example 1.4 a ample drnking water well under consnt bassphere condiions wath wnr concenreanaon a the

aguler;

Ezample 1B a ample drinking warer well undes congtant osphere condinons with e release eare 1o the
aguler;

Example ZA an agricultueal well under constant nosphere condiions warh wir concenteanon in the agquiber,

Example ZB natneal groundwater release into agriculioral and semi-namoral environments under con-
stant biosphere condinens and with unit concenretion u the agquuler;

Exannple 3 roal applicanons of the BIOMASS methodology foe the conaderanon of biosphere change.

The resulis have been used o explore the exient w which internationally defined and agreed assessment bicspheres might be
viewed as points of reference, e, Reference hiospheres. Such seference biospheres could then be used, in combination with other
asaesament results for the near feld and gecsphore, for comparing (for netance) the levels of salety provided by differont disposal
concepds. It s concluded that

= Psample 1, 24 and 2B peovide genencally appheable conceptual and mathematcal models thar swould allos all
of them i be used as reference ospheres toe mdonuchde eseleases ooournng wia groundwater, at least for

thase assessments that have cocresponding assessment contexrs

#  For examples 1 and 24, where the geosphese-teosphese interface 5 simple, o 15 posable to go further, Here it
12 consedered that the numencal eesulis provided are sufbcently well postfied wooallow thear use a2 indicatoes of
potennal machologeal impact.

¢ The numerical resulis from Example 2B would be similarly applicable provided that the geosphese-biosphere mar-
fwces used in the Example are appropriate io the system under consideraiion.

The examples proade mmpostant mibcomabon on other wsoes pectamng, oo cdhonuchde tansfer and exposure pathaays

+  the sigmibicance of release o the biosphere wia well absteacnon compared o releases from varous natueal

groundwiater Bow paths;

#  the agmbeance of seno-natural haborats compared to agacultual habaars, a3 well a5 mdicnuchde eansbers be-

roveen habatats and associared sadianon exposure pathwavs:

#  the rnpomance of dicnochde propertes mdetesmnmg cancal exposuse pathvways and dose;

# the selative sipmbicance of altemative assumphons [oe exposure groups i @ wude vanery of exposude Cuecum-
SEAICES.

The ozl examples (Example 3) desipned 1o addeess wsnes eelared w0 biosphese system change. By eeference o mwo sl

o

specific cazes and cae genenc case, Example 3 demaonseeates the vse of the methodalogy when (1) Land elevanoa due o
glacial eebound and (b} global chare are davers for heogphere change. The methadology helps 1o wennly the menal

condimons ad the tpes of nospheee systemy and tme peacds hkely o be wpoeane. In all theee Examples, the the effects

of chonate change are addeessed theough considersinon of disceete |, uncomnnected eosphere srates. The sue of hosphere
change 15 nor explored quanntatvely however.

Credit: BIODAASSE Theme 1, LAEA
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The International Peer Review of the
Briosphere Modelling Programme of the US

Department of Energy’s Yucca Mountain Site

Characrerization Project

The Unared Stares Depamment of En-
ergy ([20E) has apmoject for chamcrer-
sz the sue of a By foe disposiog
of radioactve waste bocaed at Yucca
Mopnmtan, MNevada, U5A (he Yucca
-
el Ths Progect has developed an

Blowmtan Site Characrenzaioa
approach foe assessing the fufure po-
tennal copace of any releases of -
diovneldes 1o the bacephere foome a
prtential  disposal sted  ai
Yucea Mownzan,

facaliry

The HOE cequested the Intemanonal
Aromic Energy Agency (LAEA) o oe-
gaze an ndependent  utesanonal
expert review of the assessment meth-
adalogy bang vaed o hacaphen:
madelling programme. The [AEA -
cepted the request i the conrexr of s
stameto ey abligateen o povide foe the
appheatcn of s established mremi-
tenal standards of safery fore the poo-
techon of health, ar the equest of 2
atate, ooany of that Syate’s acnvines
ut the Geld of atonue COETEY.

The reoms of seference of the peer re-
vicw were o eview the osphere as-
sessment methodology beng used for
the foral svstem pecbommance assess-
ment of the potennal chsposal oy

The objective of the peer
review is to provide, on the
basis of available inte ma tional
gandands and guidance, an
independent evaluation of the
bicsphere assessment
methodology  developed by
the US DOE"s Yucca
Moontain Site
Characterzation Project

The man purpose Wis 10 :4.11:[1}'2-':1'2 cofe-
cally the proposed atonale and meth-
-:|-'.||a-||:|5‘_. and boosdennlby consEstencees
and meonastenaes berween methods
hewng vsed n the fame of the peoject
annd those esrablished m wremtoagl
-
grammes such us the TAEA's Bin-
sphere Modelhng  and  Assessment
Programrne [BICMASS)

standdands  or o otemanonal

The rewiew was cacned our herween
September 2000 and Janwary 2004
with the most mrensave wosk kg
place dunng 4 one-week meendg in
Laz Vegas ar the end of Movember
20000 The review mcluded exanming-
non of HIE conrmacie documenis,
presentihons of the woek by the DOE
at wdrich rhe IRT was able o queston
DOE and conteenss staff, 3 viar by
the IRT 1o the Yuccs Mounrun and
Amargoza Yalley repon, and closed
dhscuszon meetngs of the [RT. Rep-
resentabives ol local sakeholder
proups attended both the presenta-
tions by the DOE and also s close-our
meetng at whicl the Chamuan of the
IRT made an ol presentanon of pre-
lmanaey abservanons and secommen-
danens of the revew o DOE repre-
spnmanves and observers.

The main mpuot documenta-
ton for the review was the
“Biosphere Process Model
Repont™ (PMR) and its sixicen
supporting “Analysis and
Model Reporns (AMFs). In
addition, the IRT selectvely
examined a nomber of
documents as backgronnd o
the review, incloding the
proposed regolatons appliv-
cable to the Yocca Mountain
facility,

28
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An Internationsl Peer Review of the
Biosphera Modelling Programme
o e US Deparmmsant af Enargy’s
Yucca Mowntain Sise
Characierization Project

Report of the |AEA Imtemational
Rewiaw Team

&)

TR TTRTE T P P Ty T LT

Ihe I nterna-

tonal  Review =

(IRT) =
assembled by the [AEA consisted of six
memberns from national advisory baodics,

wakle manygrement omFanizations  and

' e

regulatory bodics;, plus a represcombve
of the IAEA and a consultant to assist in
documenting the review. (Cnedie: A vaen

Lerdl, LI5A)

attention

In pamicular

drawn bo:

s Poblicatons from the Imter-
national Commission on
Radiological Protection
(ICEP)..

The IAEA BIOMASS
which has

WS

pProgramime,
developed a methodology for
the construction of biosphere
models for long—term safety

assessment and also
provided worlked examples of
the application of the

methodology
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The International Peer Review of the Biosphere
Modelling Programme of the US Department of
Eneroy’s Yucca Mountain Site Characterization Project

The teview work imncladed 2 visar by
o the Yuccn Mounram sise and
Amargosa Vallev regon. The ream
made a one day vist warh DOE and
contraceor staff. The experts had
the oppormumry to smdy the pro-
posed mepositony site and s sur-
voundings inclading the  locanon
near the junction of the US Roare
05 and MNevada eoute 373 dentibed
in the EPA and NRC proposed
oules, the Amacgosa Valley includ-
ing its farmlands, the Amamgosa

River and Franklin Lake Playa.

Release pathways and the 30 km ;'J
regulatory bovndary at ¥ occa Moo
it SDOE, USA) .

S D502 P e whow off Crapor Dot from Yaces Cresi,

= L ¢ od
i ]
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The International Peer Review of the Biosphere
Modeling Programme of the US Department of
Eneroy’s Yucca Mountain Site Characterization Project

RECOMMENDATIONS AND SUGGESTION s SUMMARY

For improvements to the biosphere assessment capabilicy while remaining focused on satisfying the
regulatory requircments

1 | The OE should, i fuiure, consider more fully the possible aims of biosphere asseseament within the Yusea Mountain Site
Claracterzation Project both within and swside the regulatery framesworke. Possible expanded aims might be:

z o Tosdentifv and investigate the role of environmental, mcluding site-specific, processes that may be relevamt
o e environmental accumulation and distribution of mdionuclides in the long-lerm, uptake inte foodstulfs

3 = Toinvesiigaie a range of potential exposure scenarios and circumsiances in order o support argumends fod
the adequacy of exposure scenanos defined by regulation, or identify aliernative or supplementary exposure
RCEIArIoS.

The conzideration of the biosphere should be in te future more fully integrated indo the woial system concepiual maodel

The OE should conzider a programme of biosphere characierzation including on-site measuraments

Regarding the diet and habdts that should be assigned o the crtical group For compliance assessment, the review beam
considers that the DOE has placed oo great a significance on habiis determined from the 1997 survey, The team recom-
imends that it would be prodent for the DOE o consider all human activities that might reasonably and consistently oo
amd 1o sonsider cautiows bul not extreme dictary intakes and exposure mes. The 1997 survey 12 ong inpul to this consid-

T | The BOE should consider how bast o capiure and use the existing scientific and local knowledge regarding the hiesplere

B | The DOE should examine the methods of conceptual model construction described, for example, in the BIOAMASE docu-

mentation and in national asseszment sindies, with a view o devising a method that more clearly iracks the incorporation
af individual FEPs into the bioaphese model

B | The consistency of the parametess with the assumpiions made in the losphere model as vell as with the site-specific con-
ditions found in Amargess YValley should be considered and discuzssed in mose detail.

For activities outside the regulatory requirements

1|16 would be prwden for the DOE o satisfy isell that the constraints imposed for compliance assessiment do not lead to the
neglect of potentially significant uncerlainties, processes and interactions that maght ke considered in a wider context, in-
cluding a fuller safey assessmen

2 | A sufficiently broad examination of possible release pathwayvs and related exposure siuations should be examined 1o
pdentify and justifv the more clesely-defined case adopted for compliance demonstration, and that

3 | Logical extensions of ithe compliance case and aliemative or supplementary situations should be considered 1o place the
case in perspective and to assess the level of bias against a broader spectrum of possible cases

The EOE should identify and evaluate a range of aliemative and supplementary biosphere scenarios

The DOE should sontinws to estimate perforimancs for times bevond the time frame required For regulatony complinnee

The DOE could present in the longer time frame a number of complementary performance indicators that are less depemnd-
end on the assumplions concerning humsan habiis

T | The DOE should look for epportunities o obtain Geld data that would enable some degree of maodel testing, or otherwise
suppor the model
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Speakers summary

Mr. Torres-Vidal has 18 vears experience as a
Nuclear Environmental Scientist with a good
background and knowledge of environmental
m::dc”ing and mnrliluring, radiation protec-
tion and waste safety. Mr. Torres-Vidal was
born on 9% of August 1960 n Cordoba,

Spain. He was educared at the Polytechnie
| University of Madrid in Spain, where he be-
came an Industeal ngmeer specialist in Nu-
clear Engineering 1in 1983,

Carlos Torres-Vidal joined the lnternational Atonric Finergy Agency
(LAFA) as a Nuclear Environmental Scienust in August 1995,
He has been the Head of the Radiation Protection of the Public and the
FEnrironment Unit, which 1 part of the Department of Nuclear
safety, since August 1999, The Uni’s mamn function 15 the es-
tablishment of safery standards for the control of mdoactve
discharges to the environment. The Unit is engaged in establish-
ing standards for the protection of the environment and 1n pro-
viding advice and guidance on procedures and methods for en-
vironmental assessment, modelling and monitoring, The Unit is
the focal point for the TAEA’s technical interactions with inter-

national conventons and treattes concerned with radioactive

waste and the environment, Since joining the TAFA in 1995, he
has co-ordinated the TATLA project on Biosphere Modelling and
Assessment (BIOMASS) and acted as Sciennfic Secretary of the
Cocordinated Research Programme on IMprovement ol Salety
Assessment Methodologies for Near Surface Waste Disposal
Faciliies (ISAM). He has also organized international meetings
and prepared  technical documents related 1o environmental
modelling and monitoring, safety assessment and waste accep-
tance criteria for waste disposal facilities. He has managed inter-
national pmjucm and nrg:mizcd Imining events on radiation pro-
tection and radioactive waste management in Argenting, Brasil,
Chile, Colombia, Cuba, Mexico, Paraguay, Uroguay, Venczuela,
Fastern Huropean countries and Former Soviet Union republics,
in conjunction with the TAEN’s Department of Technical Co-
operal 0.

Mr. Torres-Vidal 1s member of several advisory groups within
the OFECD/NEA and TAEA, He has lectured physics and
mathematics at the Polvtechnie University of Madad and at
courses organized by Spanmish and nternational organizations on
wiasle Rﬂﬂ.‘l}', radiation [‘Jrulu:liml, environmental mudc]ling,
monitoring and safety assessment of nuclear power plants and
waste disposal facilities.
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THE EC BIOCLIM PROJECT (2000-2003) 5TH EURATOM FRAMEWORK
PROGRAMME- MODELLING SEQUENTIAL BIOSPHERE SYSTEMSUNDER
CLIMATE CHANGE FOR RADIOACTIVE WASTE DISPOSAL -

M. Calvez
ANDRA, France

TheBIOCLIM Project in Brief

The BIOCLIM project on modelling sequential BlOsphere systems under CLIMate change for
radioactive waste disposal is part of the EURATOM fifth European framework programme. The
project was launched in October 2000 for a three-year period. The project aims at providing a
scientific basis and practical methodology for assessing the possible long term impacts on the safety of
radioactive waste repositories in deep formations due to climate and environmental change.

Two complementary strategies (hierarchical/discrete and integrated/continuous) will provide
representations of future climate changes for periods of up to the next million years. Global climate
results will be downscaled to derive regional/local climates. Climate and vegetation will be simul ated
for various European areas. These results will be used to derive an understanding of the environments
(i.e. the biosphere systems) through which radionuclides may migrate and lead to potential exposure of
Man. Finally, these exposure and migration pathways will be described for selected biosphere systems
using two different approaches: a discrete set of snapshots, as has typically been used in assessments
to date, and a more innovative, continuous representation.

The project has the following objectives:

— To develop two practical and innovative strategies for representing climate changes in
biosphere systems for regions in Europe (Central/Southern Spain, Northeast France,
Central England);

— To explore and evaluate the potential effects of climate change on the nature of the
bi osphere systems used to assess the environmental impact;

— To disseminate information on the new methodologies and the results obtained from the
three year research project among the international waste management community for
use in performance assessments (PAs) of potential or planned radioactive waste
repositories.

The fina outcome will be an enhancement of the state-of-the-art treatment of biosphere system change
over long periods of time through use of a number of innovative climate modelling approaches and the
application of the climate model outputsin PAs.

The project is co-ordinated by ANDRA, Agence Nationale pour la Gestion des Déchets Radioactifs
(France) and brings together a number of representatives from both European radioactive waste
management organisations which have nationa responsibilities for the safe disposal of radioactive
waste, either as disposers or regulators, and severa highly experienced climate research teams
(CEA/LSCE, NIREX, GRS, ENRESA, CIEMAT, UPM-ETSIMM, NRI, UCL/ASTR, EA, UEA,
ENVIROS Quanti Sci).
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BACKGROUND

The project has been initiated on the basis of the requirements of European waste management
agencies to assess the feasibility and safety of radioactive waste repositories in geological formations,
with regard to possible long-term impacts due to climate change. In addition to climate, the associated
biosphere system may be subject to magjor change. Predictions over one million years cannot be
considered as very reliable, however possible future evolution scenarios can be proposed, based on the
past history of the climate system. Collaboration within the project by participants with different types
of expertise will provide a robust scientific basis and practical results to demonstrate how climate and
related environmental changes can be represented in radiological PASs.

Work Packages

The project is designed to advance the state-of-the-art of biosphere modelling for use in PAs via five
work packages (WP).

3.1 WP 1 — Consolidation of the needs

The requirements of the European waste management agencies of the consortium will be consolidated
and the current methods used to represent environmental change will be summarised by:

— ldentifying the mechanisms and processes that cause long-term climate change and the
environmental consequences of such changes,

— Describing available palaeo-environmental data for the European regions of interest for
further usein the future climate simulations.

3.2. WP 2 —Hierarchical strategy

A hierarchy of climate models (Earth system Model of Intermediate Complexity, General Circulation
Model and regional climate model) will be used to derive the environmental changes for selected
discrete climatic situations (e.g. glacial and interglacial). Results will consist in climate and vegetation
cover. Downscaling approaches will be developed and eval uated.

3.3. WP 3 —Integrated strategy

This strategy consists of building an integrated, dynamic climate model, representing al the
mechanisms important for long-term climatic variations. The time-dependent results will be
interpreted in terms of regional climate as well as vegetation changes using downscaling approaches.

34. WP 4 — Biosphere system description

The output from the climate models developed in WP 2 and 3 will be interpreted in terms of
requirements of PA models, and in order to demonstrate how biosphere systems can be represented in
the long-term. In particular, innovative guidance will be provided to represent a transitional biosphere
system.
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3.5. WP 5 —Final seminar

The methodologies and results obtained from the three-year project will be disseminated within the
internationa scientific/technical and waste management community for further use. All deliverables
will be made publicly during the course of the project and afinal seminar will be organised in October

2003.

Results

Several deliverables (D) will be produced among the five work packages (see table 1). As soon as
finalised, they will be available on the BIOCLIM web site.

Table 1. List of deliverables

WP 1

Mechanisms causing long-term climate change and environmental consequences. Summary
of the methods currently used in PAs and lessons learned in their application (D1);

Narrative descriptions and summaries of palaco data for the European regions of interest
(D2).

WP 2

Selection and justification of globa climate scenarios for periods up to one million years
(D3);

Global and European regional climate characteristics, output from discrete climate models
at specific selected times (D4);

Global and European regional vegetation characteristics at specific selected times (D5);

Climate and vegetation characteristics for three regions within Western Europe derived
using downscaling approach (D6).

WP 3 -

Scenarios for continuous climate evolution for one hundred thousand years or longer for
Western Europe (D7);

Comparison of regional climate characteristics using downscaling approaches (D8);

V egetation for the time scales of interest for the three regions within Western Europe (D9).

Approach to the application of long-term climate model outputs to discrete biosphere systems for the three
regions and the time scales of interest (D10);

WP 4 | Methodology for addressing transitional biosphere systems (D11);

Reference biosphere system descriptions using discrete and transitional methods and
approaches for devel oping relevant conceptual models for use in PAs (D12).

WP5

Proceedings of the final seminar, including results from climate model developments and
the application of the different methods developed during the project for use in radiological
PAs (D13).

M eetings

Ten project meetings are scheduled to promote efficient information exchange within the consortium.
The presentation of final results to the European Commission and a wider international audience will
take place during the final seminar in October 2003.
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HIGHLIGHTSAND COMMENTS FROM A REGULATORS WORKSHOP

Presented at the IGSC Meeting, 24-26 October 2001.
M Jensen

SSI, Sweden

1 I ntroduction

The programs for final disposal for high-level radioactive waste have come to a mature state in many
countries. Technica information available to support decisions varies in time and from stage to stage.
There is a strong trend for all waste management ingtitutions to address issues related to stakeholder
confidence. Technical expertise and confidence have been shown to be insufficient, on their own, to
justify to the genera public that geologic disposal is the appropriate waste management solution. SSI
and EPA have acknowledged this by co-hosting a conference in Stockholm during 1998 involving
technical issues and stakeholder communication.

However, there are till a number of mainly technical and scientific questions remaining, related to
compliance assessments for geological repositories, for which it is widely recognised that a common
view among regulators would facilitate the understanding of performance assessment internationally.
Some of these are related to the role of the biosphere and the society in demonstrating compliance.
Thereis no 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 licensing proceedings.

For the above reasons, SSI and US EPA arranged a workshop 11-13 September 2001, in Stockholm,
titted “The Role of Future Society and Biosphere in Demonstrating Compliance with High-level
Radioactive Waste Disposal Standards and Regulations”.

The workshop brought together experts from 8 regulatory agenciesin 6 countries (USA, UK, Sweden,
Finland, Norway, Belgium and Lithuania) and from 2 international bodies (IAEA and ICRP).

The views expressed below are those of the author. SSI and EPA will shortly publish aformal report.

2 IAEA

Carlos Torres, IAEA, presented the BIOMASS Theme 1 output. A presentation of this item is
scheduled for the OECD/NEA Integration Group for the Safety Case meeting 24-26 October 2001,
and should be available at the meeting.

IAEA’s further work in this area was discussed. Several participants took the view that a safety
document, a specific level of IAEA documents, would be useful, because severa countries are in
process of making decisions on repositories. The status of the existing guidance could be usefully
upgraded.
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3 ICRP

The International Commission on Radiological Protection (ICRP) has 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, although not directed exclusively to,
geological disposal of high-level radioactive waste and spent nuclear fuel. Work is in progress within
various international bodies about the possible response to the views presented in this document.

Jack Valentin, secretary to the Commission, presented some new activities and explained some of the
Commission’sviews.

Environmental Protection

The Commission has started work on environmental protection and created atask group "on Protection
of the Environment". Earlier, ICRP has stated that where adequate provisions are in place to protect
man, then also the environment is protected. While thisis still true for alarge range of scenarios, some
exist where the environment needs separate consideration.

Protection from intrusion

ICRP is not directly concerned with protection of society from consequences of actions by advertent
intrusions. Also, no advice has been given the safeguards issues. Inadvertent intrusion is mentioned in
ICRP 81.

Collective dose

This concept is atopic of many discussions today, also within ICRP. It is regarded as a useful concept
in ICRP 81.

New trend on personal protection

Generaly, there is atrend in society towards individua protection with optimisation coming second.
Perhaps new recommendations will reflect such a re-focus. On it's own this switch does not change
things, but a so the optimisation process will aso change.

Optimisation

Optimisation is thought to include a large range of activities. Rather than consulting a formula for
collective dose reduction in terms of cost, the process of optimisation is related to a broad range of
activities to minimise doses. For geologica repositories it aso contains ideas of stakeholder
consultation. The word reasonably in the formulation “as low as reasonably achievable” should be
included to imply that “ people should tell us what is reasonable”.
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STUK's Approach to Biosphere Description

The Finnish recent regulations presented by Kirsti-Liisa Sjoéblom was based on a paper by Esko
Ruokolato the IAEA Specialist Meseting in Vienna, 18-22 June, 2001, some of which is quoted below.

A regulatory guide for the safety of spent fuel disposal has recently been issued in Finland to guide the
implementer's programme in the pre-construction phase. The guide is based on dose criteria in the
nearest time era. That is defined as the time frame “ which is reasonably predictable with respect to
assessment of human exposure”. For the later time frame that involves major climate changes such as
permafrost and glaciation, the guide defines congtraints for the activity releases to the environment.

The Government's general safety regulation includes the following the radiation protection criteria:

In an assessment period that is adequately predictable with respect to assessments
of human exposure but that shall be extended to at least several thousands of years.

(1) the annual effective dose to the most exposed members of the public shall
remain below 0.1 mSy, and

(2) the average annual effective doses to other members of the public shall remain
insignificantly low.

Beyond the assessment period referred to above, the average quantities of
radioactive substances over long time periods, released from the disposed waste
and migrated to the environment, shall remain below the nuclide specific
constraints defined by the Radiation and Nuclear Safety Authority. These
constraints shall be defined so that.

(1) at their maximum, the radiation impacts arising from disposal can be
comparable to those arising from natural radioactive substances, and

(2) on alarge scale, the radiation impacts remain insignificantly low.
The Finnish government’s approach includes a proscriptive treatment of the last era, so that the
authority, STUK, after calculation based on different scenarios, defines the maximum acceptable

release rate from the repository.

The approach implies that the regulator takes some burden of responsibility for the description - or
lack of description - of the distant future.

The concept was discussed and the regulatory requirements for the distant future were discussed
among the workshop participants.

Sustainable development

The author of this paper introduced the issue of sustainable development (2). The main idea behind
this is a re-definition of the goal, to describe it not as a dose definition coupled to a need for
prediction, but in terms of allowing future societies a large range of activities within a large range of
possible environments. This formulation is close to the formulation used by the Bruntland
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Commission (3), “development that meets the needs of the present without compromising the ability of
future generations to meet their own needs” .

The discussion showed arange of opinions on this issue, from the view that the approach was true but
more or less self-evident. To a more careful position from which it was pointed out that sustainable
development is only a part of government policy, and that different mandates for regulators may
prevent a complete consensus.

FASSET

Carl Magnus Larsson, SSI, described the FASSET project (Framework for Assessment of
Environmental | mpact).

The issue of protection of the environment can be seen in various ways, as an anthropocentric wish to
preserve a better environment for the benefit of man, or to alocate an intrinsic value to nature, in a
view where man is part of nature.

Secondary standards

Rodolfo Avila from SSI suggested that regulators look at secondary standards, and in particular
environmental concentrations. In compliance judgements, the standard could consider distributions of
concentration rather than a single value.

A benefit of such a standard would be that a standard could cover both man and the environment.

Further work

The participants presented conclusions in two categories. The first category contained general or
philosophical issues, such as sustainable development and protection of the natural environment. The
definition of the biosphere in the distant future, and the division of responsibility expressed by the
Finnish regulation, was also considered further discussion.

The meeting expressed an interest in further work, but aso expressed concern that there might be
ingtitutional reasons to limit the degree of consensus in these matters.

In the second category, technical work, the issue of the geosphere/biosphere interface was considers
one of the most important issues. This issue was also seen contain the balance of the work made to
describe the biosphere vs. the available detailsin the interface.

Conclusions

As many waste programmes come to a mature state, there is increased need for regulators to have
good insight in international regulatory work. The fact that regulations are different makes it even
more important to know the background for those differences. Within the last few years international
regulatory fora in the IAEA and NEA and the CEC has been established and some of the future
regulatory co-operation will take place there. The SSI-EPA initiative has showed that bilateral co-
operation aso can offer effective contribution to this work.
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POSIVA’'SSTRATEGY FOR BIOSPHERE STUDIES

A. Hautojarvi
Posiva Oy, Finland

T. Vieno
VTT Energy, Finland

1 Regulatory Requirements

Regulatory requirements for biosphere analyses are specified in the Government Decision on the
Safety of Disposal of Spent Nuclear Fuel (STUK 1999) and, in more detail, in the regulatory Guide
YVL 8.4 (STUK 2001).

Dose constraints for several thousands of years

In an assessment period that is adequately predictable with respect to assessments of human exposure
but that shall be extended to at least several thousands of years:

— the annual effective dose to the most exposed members of the public shall remain below
0.1 mSv; and

— the average annua effective doses to other members of the public shal remain
insignificantly low.

These constraints apply to radiation doses which arise to members of the public as a consequence of
expected evolution scenarios and which are reasonably predictable with regard to the changes in the
environment. Humans are assumed to be exposed to radioactive substances released from the
repository, transported to near-surface groundwater bodies and further to watercourses above ground.
At least the following potential exposure pathways shall be considered:

— useof contaminated water as household water;

— use contaminated water for irrigation of plants and for watering animals;

— use of contaminated watercourses and relictions.
Changes in the environment to be considered in applying the dose constraints include at least those
arising from land uplift. The climate type as well as the human habits, nutritional needs and
metabolism can be assumed to be similar to the current ones.
The constraint for the most exposed individuals, effective dose of 0.1 mSv per year, applies to a sdlf-
sustaining family or small village community living in the vicinity of the disposal site, where the

highest radiation exposure arises through the pathways discussed above. In the environs of the
community, asmall lake and a shallow water well is assumed to exist.
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In addition, assessment of safety shall address the average effective annual doses to larger groups of
people, who are living at a regional lake or at a coastal site and are exposed to the radioactive
substances transported into these watercourses. The acceptability of these doses depend on the number
of exposed people, but they shall not be more than one hundredth — one tenth of the constraint for the
most exposed individuals.

Release rate constraints after several thousands of years

According to the Government Decision, the average quantities of radioactive substances over long
time periods released from the disposed waste and migrated to the environment, shall remain below
the nuclide specific constraints defined by the Radiation and Nuclear Safety Authority. These
constraints shall be defined so that:

— at their maximum, the radiation impacts arising from disposal can be comparable to
those arising from natural radioactive substances; and

— onalarge scale, the radiation impacts remain insignificantly low.

Guide YVL 8.4 specifies nuclide specific constraints for the activity releases to the environment are as
follows:

— 0.03 GBo/afor the long-lived, apha emitting radium, thorium, protactinium, plutonium,
americium and curium isotopes;

— 0.1 GBg/afor the nuclides Se-79, 1-129 and Np-237;

— 0.3 GBg/a for the nuclides C-14, ClI-36 and Cs-135 and for the long-lived uranium
isotopes;

— 1 GBg/afor Nb-94 and Sn-126;
— 3 GBg/afor the nuclide Tc-99;
- 10 GBg/afor the nuclide Zr-93;

— 30 GBg/afor the nuclide Ni-59;

100 GBg/afor the nuclides Pd-107 and Sm-151.

These constraints are based partially on biosphere anayses (e.g. Karlsson & Bergstrém 2000, where
SR 97’ s biosphere models have been applied on Olkiluoto) and partially on comparisons with natural
fluxes of long-lived radionuclides.

These constraints apply to activity releases which arise from the expected evolution scenarios and
which may enter the environment not until after several thousands of years. These activity releases can
be averaged over 1000 years at the most. The sum of the ratios between the nuclide specific activity
releases and the respective constraints shall be less than one.
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Consideration of unlikely events

The importance to long-term safety of unlikely disruptive events impairing long-term safety shall be
assessed and, whenever practicable, the acceptability of the consequences and expectancies of
radiation impacts caused by such events shall be evaluated in relation to the dose and release rate
constraints specified above.

The considered unlikely disruptive events shall include at least:
— boring a deep water well at the disposal site;
— core-drilling hitting a waste canister;
— asubstantia rock movement occurring in the environs of the repository.

The importance to safety of any such incidental event shall be assessed and whenever practicable, the
resulting annual radiation dose or activity release shall be calculated and multiplied by the estimated
probability of its occurrence. The expectation value shall be below the radiation dose or activity
release constraints. If, however, the resulting individual dose might imply deterministic radiation
impacts (dose above 0.5 Sv), the order of magnitude estimate for its annual probability of occurrence
shall be 10°° at the most.

Consideration of protection of other living nature

Disposal of spent fuel shall not affect detrimentally to species of fauna and flora. This shall be
demonstrated by assessing the typical radiation exposures of land and aguatic populations in the
disposal site environment, assuming the present kind of living populations. These exposures shall
remain clearly below the levels, which, on the basis of the best available scientific knowledge, would
cause decline in biodiversity or other significant detriment to any living population. Moreover, rare
animals and plants as well as domestic animals shall not be exposed detrimentally as individuals.

2. Posiva' s strategy

Posiva welcomes the regulator’s clear and transparent requirements and guidance in the field of
biosphere analyses. To fulfil the requirements Posiva will:

— evaluate the evolution at the potential discharge areas at Olkiluoto for the next several
thousands of years. Groundwater flow modelling will be used to identify the potential
discharge areas. Sea bottom topography and sediments will investigated to take into
account the effects of land uplift (presently approx. 6 mm/a at Olkiluoto);

— study circulation and mass transfer processes (physica, chemical, microbiological) of
elements;

— to carry out biosphere modelling for potential recipients at Olkiluoto (well, lake, sea,

sediment that later will be exposed due to land uplift, forest, peat bog). Development of
modelsis planned to be carried out in co-operation with SKB.
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As concerns effects of human actions and consideration of other living nature, Posiva is actively
seeking for international co-operation, for example within IAEA, in these new researches fields.

3. Comments on potentially problematic nuclides

C-14

The release rate constraint of C-14 is rather low and is based on the assumed enrichment of inorganic
C-14 in the biosphere. However, corrosion of metals in anaerobic conditions may release carbon
mainly as methane, which does not retard in anything — but, on the other hand, does not cause
significant dose exposures. Fortunately, the release rate of C-14 is limited by the corrosion rate of
metals.

Radon and other daughters of Ra-226

Release rates of Rn-222 and other short-lived nuclides may be significantly higher than that of the
long-lived parent and depend crucialy on conditions close to the geosphere-biosphere interface.
Fortunately, thereis only a small amount of Ra-226 in the spent fuel initially and for severa thousands
of years.
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THE BIOSPHERE INTERNATIONAL PEER REVIEW

A.Van Luik
USDOE/YM, USA

The US Department of Energy (DOE) requested the International Atomic Energy Agency (IAEA) to
provide, on the basis of available international standards and guidance, an independent evaluation of
the biosphere assessment methodology developed by the DOE Y ucca Mountain Site Characterization
Office (YMSCO). In response, the IAEA assembled a 6-member panel of experts drawing from
member nations' national advisory committees, waste management organisations and regulatory
bodies. The IAEA also provided a scientific secretary from IAEA, and a panel secretary to document
thereview.

Panelists were:

— Professor Roger H. Clarke, Panel Chair, Director, National Radiological Protection
Board, UK;

— Pedro Carboneras, Head, Safety & Licensing Department, ENRESA Spain;

— lan Crosdand, Strategic Technical Liaison Manager, United Kingdom Nirex Limited,
UK;

— Carl-Magnus Larsson, Head, Dept. of Waste Management and Environment, Swedish
Radiation Protection Institute (SSI), Sweden;

— Gerhard Prohl, Sr. Scientist at GSF, National Research Centre for Environment and
Health, Institute for Radiation Protection, Germany;

— Hiroyuki Umeki, General Manager, Nuclear Cycle Backend Division, Japan Nuclear
Cycle Institute, Japan;

— Carlos Torres-Vidal, Scientific Secretary, IAEA BIOMASS Project International Atomic
Energy Agency, Austria;

— Trevor Sumerling — Pand Secretary, Safety Assessment Management Limited, UK.

The review team examined the Biosphere Process Model Report, its sixteen supporting Analysis and
Model Reports (AMRS) and calculations, Environmental Protection Agency and Nuclear Regulatory
Commission proposed regulations, and other background documents during August through
November 2000.

Question and answer exchanges occurred via email during this same time, and a 1-week site visit was
made. During the site visit the review team acquired additional information during interactive
presentations from DOE and contractor staff, conducted a site visit to the Yucca Mountain and the
Amargosa Valley region, and held closed discussion meetings.
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At the conclusion of the site visit, the review team summarised preliminary observations orally to
DOE and local stakeholder groups. A draft report was submitted for checking facts only in January of
2001, and afinal report was published in April of 2001.

The DOE considered the results of the review favourable, with comment focused primarily on
efficiencies and enhancements. Twenty-three recommendations were made that addressed three
categories. () DOE's Biosphere Assessment Approach (5), (b) Definition of Biosphere System (7),
and (c) Model Development, Data, and Results (11).

Review of the DOE's hiosphere assessment approach included a review of its assessment context.
There was recognition of the regulatory basis for the program and of the impact of that basis on the
historical process leading to development of integrated TSPA and its biosphere component. It was
observed that the Biosphere capability was less mature than the major part of TSPA and perceived as a
semi-independent “accessory” to the TSPA. Thisisin part due to the separation of the biosphere from
TSPA by the prescriptive nature of regulations. The regulations remove an incentive to explore other
potential exposure and release scenarios.

In that context, the review team recommended that a sufficiently broad examination of possible release
pathways and related exposure situations should be examined to identify and justify the more closely
defined case adopted for compliance demonstration. Documents that provide logical extensions of the
compliance case and alternative or supplementary situations should be created to place the case in
perspective and to assess the level of bias againgt a broader spectrum of possible cases. A DOE
response is that evaluation of additional pathways is currently in progress, and other recommended
analyses may be pursued later.

The International Review Team recommended that the consideration of the biosphere be more fully
integrated into the total system model. This does not imply that a coupled modelling capability is
required, rather, that the interactions be more fully considered in the system conceptualisation. DOE’s
response is that opportunities for better integration of the biosphere component with the TSPA are
currently being investigated.

Specific recommendations were made on biosphere characterisation. For exampleit is stated that DOE
should consider a biosphere characterisation program that includes on-site measurements, and DOE
should also consider obtaining site-specific biosphere characteristics and processes related to soil and
its potential development.

The DOE response is that the need for site-specific model data will be determined based on the results
of the recommended and planned sensitivity analyses. Soil-related parameters will be re-evaluated,
additional work will include justification of the site-specificity of the Kd values. This issue has aso
been raised by the US Nuclear regulatory Commission and further work was agreed to by the DOE as
per a written sub-agreement included in the Total System Performance Assessment and Integration
(TSPAI) Key Technical Issue (KTI) agreement.

Regarding the diet and habits that should be assigned to a RMEI or critical group for compliance
assessment, the reviewers felt that DOE has placed too great significance on habits determined from
the 1997 food consumption survey. DOE should consider all human activities that might reasonably
and consistently occur but not extreme dietary intakes and exposure times. It was suggested that DOE
consider updating the 1997 food consumption survey.
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In response, severa sensitivity analyses were conducted to determine how annual dose
results are affected by the receptor’s dietary habits. Results of these analysis allow the consequences
of selecting a more conservative receptor to be bounded (the results are likely to be bounded by
approximately a factor of three). The 1997 food consumption survey may be supplemented in the
future with other available information.

Specific recommendations were made regarding FEPs and conceptual models, such as that DOE
should examine the methods of conceptual model construction described, for example, in the
BIOMASS documentation and in national assessment studies to devise a method to more clearly track
incorporation of individual FEPs into the biosphere model. In response, the DOE is currently
comparing the conceptual bases and mathematical representation of the biosphere model with other
models. This includes BIOMASS and thus enhancing FEPs identification and tracking (this issue is
also identified as needing attention by the US NRC, per awritten agreement for additiona work by the
DOE, described in the TSPA KTI document previously mentioned).

The review team felt that DOE should re-assess the treatment of uncertainties in the biosphere. In
particular, DOE should consider the uncertainties that are best represented in the regulatory scenarios
within the TSPA, those that are best evaluated in “stand alone” mode, and those best explored through
alternative models and scenarios. DOE should also enhance discussion of uncertainties due to the
scenario specification, mode choice and parametric uncertainties, and explain the limitations of the
approach and consequent results.

The DOE response is that model and parametric uncertainties are currently planned to be re-evaluated
as a part of the upcoming LA AMR revisions, and that additional uncertainty analyses have been
conducted to support SR. Results of these supplementary analyses are documented in the
documentation of the Supplemental Science and Performance Analyses (SSPA) Vol. 1, Section 13.

The panel aso recommended that analyses to timeframes beyond the regulatory requirement be
continued, that food consumption survey(s) similar to the 1997 survey be repeated periodically, and
that conditional doses be reported for the volcanic event.

Most of the recommendations received are to be acted on, and are to be included in the License
Application plan for biosphere modelling. Some work suggested by the review team has been done
since the review was completed, and is reported in the DOE's mid-2001 SSPA publications and
subsequent documentation.
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