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CONTENTS

Disposal of high-level waste: objectives, strategies and timescales
This article describes the long-term nature of studies carried out with a view to
realising safe disposal of high-level waste. The three-phase
strategy followed foresees investigations in both crystalline
and sedimentary rocks and is discussed in detail in this

article.

The "Kristallin" Programme: investigations, results, future procedure
In the 1980s and early 1990s, Nagra carried out investigations in the crystalline
basement of Northern Switzerland. This comprehensive
programme produced a wealth of relevant data and
important new information on the structure of the
basement and its hydrogeological regime.

Sedimentary rocks: defining the options
Investigations in recent years have concentrated on the Opalinus Clay and the
Lower Freshwater Molasse. This article presents the work
carried out, the results obtained and the project-relevant
conclusions. Further investigations will concentrate on the
Opalinus Clay in the “Zlrcher Weinland”.

Assessing the performance of the Nagra HLW disposal concept
The official limits for radiation exposure are outlined and the functioning and
efficiency of the engineered barrier system discussed.
Derivation of potential scenarios for release of radionuclides
from the repository is explained and the resulting radiation

doses presented.

Putting HLW performance assessment results in perspective
This article compares the safety-relevant features of planned repositories for high-
level waste (or spent fuel elements) in Sweden, Finland,
Canada, Japan and Switzerland. The individual doses
resulting from performance assessment reference cases are

compared and explained.

Radiation risk from a HLW repository compared with other risks
The natural radiation dose at the earth's surface is compared with the doses from
a HLW repository which will occur at the surface after
several 100,000 years. The article closes with a comparison
between radiation-induced cancer risks and other causes of

cancer.

A list of references cited in
the text can be found on
page 69.

Units of measurement and
chemical symbols appearing
in the text are explained on
the inside of the back cover.
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PUTTING HLW PERFORMANCE ASSESSMENT RESULTS IN PERSPECTIVE

F. Neall, P. Smith, T. Sumerling and H. Umeki

The performance assessment for a Swiss HLW repository has been compared
with assessments carried out for facilities in Sweden, Finland,
Canada and Japan. The results of these studies show

According to performance assess-
ment results for the different dis-
posal concepts investigated, the
maximum radiation doses to the
population lie well below the limit
set in the official Swiss Protection
Objective and below the level of
present-day natural background
radiation.

A comparision of different perform-

ance assessments has shown that
the following key factors deter-
mine radionuclide release from a
repository: radionuclide inventory,
canister material and failure mode,

nuclide solubility limits, the perme-
ability of the buffer material, retar-

dation during transport through
the near-field, the presence of an
excavation disturbed zone in the
rock, the distance to the nearest
major water-bearing fracture zone,
the conceptual model for transport
in fractured rock and near-surface
dilution and dose factors.

disposal concepts
considered.

that the long-term consequences are in
fact similar for the different

Introduction

|ntegrated performance assessments
of HLW disposal concepts, as de-
scribed in the previous article, involve
complex, multidisciplinary studies.
The results of such studies are pre-
sented as profiles of consequence
(e.g. dose) against time which ex-
tends into the distant future.

Individual components of the model
chains used can be tested to some
extent, but how can the results of
the integrated assessment be evalu-
ated to ensure confidence in their
validity? In order to address this
issue, the results of the Kristallin-I
performance assessment have been
compared with results from other
HLW performance assessments. In
the companion article on page 56,
performance assessment results are
assessed by comparision with natu-
ral radiation exposures and other
commonplace risks.

Comparison of Kristallin-I
with other safety assessments

On the basis of some similarity of
disposal concept (disposal of HLW or
spent fuel in crystalline rock below
the water table) and availability of
good documentation, a small number
of recent safety assessments were
selected for comparison with Kristal-
lin-I (Nagra, 1994b) and its predecessor
Project Gewahr 1985 (Nagra, 1985b)
(Table 1).

Comparison of overall doses

Figure 1 shows calculated individual
doses for reference cases from the
SKB 91, TVO 92, AECL 94, H-3, Project
Gewadhr and Kristallin-l assessments.
The doses are compared to the an-
nual dose limit of 0.1 millisieverts
which applies in Switzerland, Sweden
and Finland, and also to typical lev-
els of natural background radiation
(cf. also article on p. 56). The radio-
nuclides which contribute most to
dose as a function of time are also

The authors of this article:

Dr. Fiona Neall is a member of
the waste disposal modelling
group at the Paul Scherrer Insti-
tute.

Dr. Paul Smith was Nagra Project
Manager for the Kristallin-l per-
formance assessment and now
works for Intera (UK).

Dr. Trevor Sumerling of Safety
Assessment Management (UK)
coordinated the Kristallin-l sce-
nario analysis.

Dr. Hiroyuki Umeki worked in
the Kristallin-I project team
while on attachment in Switzer-
land from PNC (Japan).
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Putting HLW performance assessment results in perspective

Comparison of Kristallin-1 with other safety assessments

Key characteristics of the disposal systems considered in the performance assessments

Waste/spent fuel
type ¥

Total inventory
considered
in assessment *

Canister type

Typical content

Emplacement

Buffer material
and thickness

Repository depth
below ground level

Host rock

Overlying geo-units
or discharge zone

Sweden
SKB 91"

Spent fuel
PWR & BWR

8750 tU
contained in
5830 canisters

Copper with
cast lead fill
1.5tU

In individual
deposition holes
from drifts

Bentonite clay
35 cm radially
150 ¢m above

600 m

Granodiorite

Discontinuous
moraine, peat
and lakes

Finland
TVO 927

Spent fuel
BWR

1840 tU
contained in
1150 canisters

Composite Cu-steel
with granular fill
1.6 tU

In individual
deposition holes
from drifts

Bentonite clay
35 cm radially
150 cm above

500 m

Migmatic gneiss
or granite

Discontinuous
moraine, peat
and lakes

Canada
AECL 94”

Spent fuel
CANDU

162,000 tU
contained in
101,000 canisters

Thin-walled Ti
with glass bead fill
1.6 tU

In individual
deposition holes
from drifts

Bentonite clay
25 cm radially
~150 ¢cm above

500 m

Granite

Discontinuous
moraine, peat
and lakes

Japan
H-3

Vitrified waste

Wastes from
around 50,000 tU
contained in
~40,000 canisters

Massive cast
steel cani;ster
1.3tV

Probably centrally
in disposal tunnel

Bentonite clay

98 c¢m radially

3 m between
canisters

1000 m

Not decided

Not yet known

Switzerland
Kristallin-1 and PG 85

Vitrified waste

Wastes from 3730 tU
contained in
2700 canisters

Massive cast
steel canijs)ter
1.4 tU

Centrally in
disposal tunnel

Bentonite clay

138 c¢m radially

3 m between
canisters

~1000 m

Gneiss or
granite

Thick Mesozoic sedi-
ments over site,
gravels in Rhine

valley discharge zone

' SKB=Svensk Karnbransiehantering AB;
* PWR = Pressurised water reactor; BWR=Boiling water reactor; CANDU = Canada Deuterium Uranium
" Inventories considered in assessment, which may differ from quantities considered in general waste management concepts

120 GW(e) s«

? TVO=Teollisuuden Voima Oy;

Vitrified wastes corresponding to arisings from given amounts of uranium fuel

TABLE 1

' AECL=Atomic Energy of Canada Limited

enario considered in Kristallin-I; 7860 tU in 5900 canisters considered in Project Gewédhr (240 GW(e) scenario)

The key characteristics of the
disposal systems for high-level
waste (Japan, Switzerland) and
for spent fuel without reprocess-
ing (Sweden, Finland, Canada).
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indicated; in all cases the radionu-

dides identified contribute at least 90

per cent and usually over 99 per cent

of the total doses at the times indi-
cated, except at the times of cross-

Jover from one radionuclide to another.

Comparison of the reference case dose

profiles shows surprising similarity,
despite the differences in concepts;
the maximum doses predicted gener-
ally lie between 102 and 10 milli-
sieverts per year (with the exception
of Project Gewdhr). A more detailed
examination was undertaken to
examine the consequences of differ-
ent disposal concepts and modelling
approaches on individual results.

Basis for comparison

The methodological approaches dif-

fer between the six assessments.

Most notably:

e The SKB 91 (SKB, 1992) assessment
considers stochastic failure of can-
isters and geosphere transport in
stochastically generated flow tubes;

e The TVO 92 (Vieno et al., 1992)
assessment makes deliberately very
conservative assumptions concern-
ing the site properties and connec-
tion of the repository to fracture
zZones;

e The AECL (Goodwin et al., 1994)
assessment employs a probabilistic
methodology in which parameter
values are sampled from probabil-
ity density functions and the per-
formance is assessed by analysis of
doses calculated in multiple simu-
lations;

e The H-3 (PNC, 1992) assessment
makes conservative assumptions
for canister performance and for
diffusion in the bentonite but uses
a rather idealised, somewhat non-
conservative model for transport in
the geosphere which serves, how-
ever, to illustrate the scale of the
geosphere effect;

e Project Gewahr (Nagra, 1985b) uses
only a simple, conservative model
for the near-field in which the

barrier effect of the bentonite
backfill is neglected so that radio-
nuclide release from the near-field
is controlled by the dissolution of
the glass matrix or solubility lim-
its for nuclides.

The Kristallin-I (Nagra, 1994) assess-
ment makes rather conservative
assumptions concerning canister
performance and retardation in the
geosphere.

Calculated individual doses from performance assessments

Dominant Radionuclides:

10'
el
1))
T T R S P PP P e e i P
e Regulatory Guideline (Switzerland, Sweden, Finland): 0.1 mSv/a
$ 1
[s]
T 403 L TVO 92
@
=)
.'g T SKB 91 Kristallin-1
B 10° +
© 1
=}
=
g 107 + AECL 94

-+ Project Gewahr
10°® } t 1 t ==
1,000 10,000 100,000 1,000,000

Time after repository closure [years]

SKB 91 (Sweden) |

TVO 92 (Finland)

AECL 94 (Canada)

H-3 (Japan)

Kristallin-I (Switzerland)

Project Gewahr (Switzerland)

129 /1:5{:5

FIGURE 1

Calculated individual doses for
reference cases from the SKB 91,
TVO 92, AECL 94, H-3, Project
Gewdhr and Kristallin-1 assess-
ments and indication of the
radionuclides that contribute
most to dose in each case.
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Putting HLW performance assessment results in perspective

Comparison of Kristallin-l with other safety assessments

In order to simplify the comparison,
we focused on the reference case
considered in each assessment. The
cases considered are illustrated
schematically in Figure 2.

Gross conceptual model choices

All six assessments consider that the
only significant mechanism for re-
lease and transport of radionuclides
from the repository to the surface
environment is via groundwater. Fig-
ure 2 compares the gross features of
the various models. In all cases, the
backfill is assumed to saturate with
groundwater relatively rapidly. Radio-
nuclide release commences after fail-
ure of the canister - which may be
assumed to occur simultaneously
in all canisters (Kristallin-I, Project
Gewdhr and H-3), occur early only in
certain defective canisters (SKB and
TVO) or be distributed in time (AECL).
The release of nuclides from dissolu-
tion of glass is assumed to be con-
gruent, but “prompt” release of iso-
topes of iodine, caesium, carbon etc.
is considered for spent fuel. A vary-
ing degree of credit as a transport
barrier is taken for the failed canis-
ters. Transport from the repository
and through the geosphere, in par-
ticular, is treated very differently in
each case.

The effect of some of these differ-
ences is reflected in typical ground-
water transit times for the model
geospheres which are compared in
Table 2. In particular, the effect of the
very low hydraulic gradient, which

produces the low groundwater flow
in the AECL geosphere model, can be
seen clearly. Transport of nuclides by
diffusion to the major low angle fault
above the repository and advective
transport thence to the near surface
can give shorter transit times. The
effect of the rapid transport pathway
provided by the major fault, which is
assumed to intercept the repository
in the TVO case, is to give short tran-
sit times; the very short geosphere
flow path in the H-3 model also gives
a short transit time for the base case
calculation.

Although there are differences in the
values for hydraulic conductivities in
sparsely fractured host rock and frac-
tures, the main differences arise from
different model assumptions. For
example, sparsely fractured host rock
is assigned a hydraulic conductivity
of 10 to 10" m/s in Kristallin-l and
a value of 10" m/s in the AECL as-
sessment. In the Kristallin-I case, how-
ever, transport occurs predominantly
in more permeable transmissive ele-
ments which focus flow - giving higher
advection velocities and less interac-
tion between radionuclides and the
rock than assessed by AECL.

In summary, it was found that the
differences in gross conceptual model
characteristics arise both from actual
differences in the disposal system
(e.g. the different waste packages
adopted) and from major differences
in assumptions, notably the treat-
ment of the sparsely fractured host

rock as a porous medium in the AECL
model. The AECL median case is
clearly less conservative than the ref-
erence cases considered in the other
assessments, since it implies a very
long groundwater transport time (see
Table 2).

The Kristallin-1 assessment is distinc-
tive in that it clearly links geological
observations of the detailed structure
of potentially transmissive elements
to assessment calculations. The re-
sults of the assessment were shown
to be very sensitive to the geometry
of such elements — less pessimistic
assumptions leading to a much more
efficient geosphere barrier than in
the reference case.

Key factors influencing results
More detailed evaluation of the way
in which the different assessments
consider specific factors illustrates the
various weightings which are given
to particular barriers.

1. The waste form and inventory - In
all cases for direct disposal of
spent fuel, the prompt-release
fraction of radionuclides - in par-
ticular | and "**Cs - is of particular
importance. Differences between
the total inventories of waste
considered are less critical than
the way in which this prompt-
release pulse can be spread in

» space (via repository layout) and
time (differing assumptions on
canister failure and retardation
during transport).

r——
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Vitrified waste is homogeneous and
hence has no significant prompt-
release fraction. Slow release of
radionuclides over very long peri-
ods of time make the results of
these assessments much less sen-
sitive to canister failure time.

. The canister — As noted above, the
assumption of conservatively short
canister lifetimes and simultaneous
failure of all canisters does not
sensitively influence vitrified waste
assessments. For SKB and TVO, very

long-lived canisters are selected
and the source term for the assess-
ment is critically dependent on
assumptions about failure of a
small proportion of defective can-
isters. AECL 94 spreads releases by
distributing canister failures in
time and taking the spatial distri-
bution of the repository into ac-
count (due to the low burnup of
CANDU fuels, the repository is very
large and the range of travel dis-
tance to an advective flow path is
considerable).

Additional barrier roles of the can-
ister are as a chemical buffer for
both the Swiss and Japanese steel
overpacks and providing further
transport resistance in the SKB
case.

. Low elemental solubilities in the

near-field - In all the assessments
considered, the long-term condi-
tions in the near-field tend to be
neutral to slightly alkaline and
chemically reducing. In such an
environment, the solubilities of

Calculated advective groundwater travel times in each assessment

SKB 91
Typical water travel
times in:
e low K rock 100a "
¢ faults etc.

e overburden =

TVO 92 AECL 94 H-3
7,800,000a 6a "
5a° 430a" .
g 2003 ° :

Project Gewahr Kristallin-1
83a’” 20a”
10 a 8) -0 10}
-0 10) |

Flow path description:

536 m of extensive fracture zone
3.8 m overburden
10 m fractured host rock

500 m of kakirite in “middle crystalline” with reference velocity of 6 m/a

Rapid transport in upper crystalline and overlying sediments

200 m in transmissive element (jointed/cataclastic zone) in fractured host rock

Most probable value from the stochastic calculations for the reference case (repository depth 600m)
400 m in a fracture zone with water velocity of 80 m/a

46.5m sparsely fractured rock with very small hydraulic gradient (transport via diffusion is faster, cf. Fig. 1)

" Model assumes negligible transit times in major water-conducting faults (MWCF), higher-permeability domain (HPD) and Rhine gravels

TABLE 2

Travel times calculated for radio-
nuclides assuming advective
groundwater transport. The dura-
tion of nuclide transport is deter-
mined by retardation mecha-

sorption and dilution in the
geosphere, etc.; cf. Fig. 2 on
p. 52/53 and Fig. 3 on p. 37
for the Kristallin- disposal
concept).

nisms in the engineered barriers
and the geosphere (transport
in bentonite only by diffusion,

nagra bulletin No. 25 51



Transport through
the geosphere

Release from the
engineered barriers

Sweden (SKB 91)

Groundwater flow is modelled with 3-D,
stochastically-generated variable conduc-
tivity field which is used to calculate flow
in 88 dual porosity flow tubes, each con-
nected to a repository segment.

One in one thousand probability of early
canister failure. Nuclides released through
5 mm?2 hole in canister at 1000 years
after repository closure. Diffusion through
bentonite or backfill to EDZ and advec-
tive transport through the EDZ is consid-
ered the major release pathway.

Finland (TVO 92)

Flow in sparsely fractured host rock is
neglected as the repository is assumed
to be intersected by a major water-con-
ducting fault which provides a rapid trans-
port route to the biosphere.

Failure of a single canister contacted by
water at 10,000 years after repository
closure. No further transport resistance
from the canister after failure. Major re-
lease path from the engineered barriers
via diffusion to EDZ and advective trans-
port to the major fault.

=

FIGURE 2 (DOUBLE FAGE)
Gross conceptual model choices
for the geosphere and near-field
of Kristallin-l and the five other
HLW/spent fuel performance
assessments examined in this
comparison.
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Canada (AECL 94)

Japan (H-3)

Creek £ A s & s
‘K S ///fﬁszffas,f;//;;

“ M@b Generic host rock with uniform fracturing

Well Wﬁ’q« Unlimited matrix diffusion
(7 ) 7
\\?éo,‘. ’/ / /
50m “\3\‘“\ =
C 1 / i ——
Y 5 / Repository /
e S| VT 7
isposal rooms; ~ /
10m assessment distance

+ Minimum exclusion distance 50 m

I

Switzerland

(Kristallin-1 and Project Gewahr)

Mesozoic cover

Transmissive elements:

=== Fractured dyke
~— Cataclastic zone

Open joints

Sparsely fractured host rock modelled as
porous medium around repository. Very
low hydraulic gradients below major fault
LD1 mean that transport from repository
to fault is by diffusion over minimum
distance of ~50 metres. Gives verylong
transittimes (see Table 2).

Both porous and sparsely fractured media
modelled (only fractured version illustra-
ted) to encompass all possible host rock
properties. Releases and doses are calc-
ulated for a hypothetical assessment
“point* only 10 metres from the engin-
eered barrier system.

Transport through geosphere to higher-
permeability domain (HPD) or major water-
conducting fault (MWCF) modelled for a
single transmissive element which can
be assigned different geometries and
properties. Cataclastic jointed zones with
broad, widely-spaced openings provide
the least favourable geosphere.

. Diffusion through bentonite and
backfill to host rock

/
I~ — /4
~ @ f Host rock A
= S <
== & AeS
e & NG
-\\-. ot & aﬁ ,‘%\
s elp & Zero concentration ED Ty
_50m<| e 7 boundary \
~ /A,
Sand + bentonit Compacted Compacted - Bt
and + bentonite l I l
bentonite bentonite m m
Bentonite //
Canister //
//

/
-+ Diffusion through bentonite

- Diffusion through bentonite

— Advection in EDZ to transmissive element

Probabilistic failure of canisters over 500
to 10,000 years. Canisters “disappear”
(i.e. offer no transport resistance) after
failure.

Many release pathways are calculated
from different repository sectors — most
important are those closest to the LD1
fracture, which provides advective trans-
port to overburden and biosphere.

All canisters fail at 1000 years after
closure and “disappear”. As waste glass
dissolves, nuclides diffuse through the
bentonite to the host rock. All releases
are “transferred” into a single repre-
sentative fracture (or volume of repre-
sentative porous medium) for advective
transport to the “assessment point”. The
bentonite outer boundary is assumed to
have zero nuclide concentration, which
increases the rate of diffusion through
the bentonite.

All canisters fail at 1000 years and “dis-
appear’. Nuclides diffuse through the
bentonite to the excavation disturbed
zone (EDZ). Water flow in the EDZ pro-
vides a boundary condition for diffusion
such that rate of input from bentonite is
equalled by the loss into the EDZ — a
less conservative boundary than for H-3.

Project Gewahr took no credit for diffu-
sion and sorption within the bentonite
buffer.
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Putting HLW performance assessment results in perspective

Comparison of Kristallin-1 with other safety assessments
Conclusions

many key elements are low, which
greatly limits their maximum rate
of release. For the AECL case, the
solubility of uranium is so low that
the rate of nuclide release from the
spent fuel is assumed to be very
low whereas, due to increased
radiclysis, faster release from the
matrix is assumed for the SKB and
TVO cases. Nevertheless, as noted
above, prompt-release radionu-
clides dominate consequences for
all spent fuel cases.

The particular elemental solubility
limits set for the vitrified waste
assessments can alter the relative
significance of particular radionu-
clides. Long-lived isotopes of ele-
ments which are assigned high
solubility and low sorption (see
below) tend to dominate the cal-
culated dose (palladium in the case
of H-3, caesium in Project Gewahr
and selenium, caesium and tech-
netium in Kristallin-1).

. Low-permeability backfill - This is a

common factor in all six assess-
ments. It is critical to the assump-
tion of no colloid transport through
the near-field, allowing solubility
limits to be used as a constraint
on release rates. It is also impor-
tant in providing mechanical and
hydraulic protection of the canis-
ter, and a stable chemical environ-
ment.

. Radionuclide retardation during trans-

port through the near-field - In all
cases, solute transport through the

backfill is assumed to occur pre-
dominantly by diffusion. Strong
retardation of many elements due
to sorption on the backfill means
that, in all assessments, all short-
lived and many fairly long-lived
elements decay to insignificance
within the near-field. In addition
to the specific retardation param-
eters assumed for particular ele-
ments, the thickness of the backfill
and the external boundary condi-
tion assumed constrain releases.
The extent of retardation in the
near-field thus tends to be great-
est for Kristallin- (thick backfill and
“realistic” external boundary con-
ditions) than for the spent fuel cases
(thinner backfill layers) or H-3 (more
conservative “zero concentration”
outer boundary condition).

. Excavation disturbed zone (EDZ) — The

EDZ is considered as a fast trans-
port pathway in the TVO 92, Project
Gewahr and Kristallin-l assessments,
and provides a boundary condition
for transport in TVO 92, H-3,
Kristallin-l and SKB 91. Its effect is
implicitly included in the AECL
assessment. It does not play a
major barrier role in any case.

. Distance to nearest major water-bear-

ing fault zone - The very limited ef-
fect of the TVO 92 geosphere is di-
rectly related to the conservative
placing of the repository so that
it is intercepted by a fracture zone.
SKB 91, AECL 94, Project Gewahr
and Kristallin-I all assume a sepa-

ration between disposal galleries
and major fracture zones so that
solutes must be transported
through sparsely fractured rock.
No exclusion zone is considered in
H-3.

. Evaluation of radionuclide transport in

fractured rock — The very good per-
formance of the AECL 94 geo-
sphere is due to the assumption
that the sparsely fractured rock
can be represented as a porous
medium so that, given the low
Darcy velocity, the transport will
be by diffusion. All the cther as-
sessments concentrate the water
flow into discrete channels with
flowing water velocity depend-
ing on a single fracture aperture
(TVO 92), fracture or vein aperture
and frequency (Kristallin-I, Project
Gewahr and H-3) or a flow poros-
ity (SKB 91).

The contribution of transport dis-
tance and, especially, the descrip-
tion of the transport path together
determine the efficiency of the
geosphere. This varies dramatically
between assessments — being most
efficient in the AECL, Project Ge-
wahr and H-3 cases and much less
so for SKB, TVO and Kristallin-I. To
a large extent, however, the dis-
crepancies are more related to the
degree of realism aimed for in the
assessment rather than great dif-
ferences in the rocks themselves
(except for the AECL case where
diffusion in intact rock plays a ma-
jor barrier role). This is demon-
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strated by the differences between
the Project Gewdhr and Kristallin-|
results which are predominantly
due to different assumed structure
of the far-field flow system. Within
Kristallin-I, it was also shown that
rather minor changes in flow path
geometry could dramatically re-
duce calculated doses. The ele-
ment-specific sorption data used in
these assessments somewhat influ-
enced the relative significance of
particular radionuclides but had
little influence on the overall im-
portance of the geological barrier.

9. Near-surface dilution and dose factors
- The net biosphere dose conver-
sion factors in Kristallin-I are gen-
erally lower than in the other
assessments (no biosphere model
is included in H-3) due to the sig-
nificant dilution expected in gravel
deposits in the Rhine valley. How-
ever, this is partly compensated for
by higher doses through agricul-
tural pathways, which may be re-
lated to greater build-up and
retention in local soils in the
Kristallin-l biosphere model. Such
differences do not seem to greatly
affect results.

Conclusions

With the risk of over-simplification,
it can be noted that the reference
cases in different assessments put
different weightings on different

barriers. In general, the SKB and TVO
copper canisters dominate these
assessments while the very high qual-
ity of the AECL rock plays a much
more dominant role there. The “ro-
bust” part of the Swiss and Japanese
assessments is the integrated per-
formance of the massive engineered
barriers.

The differences in the profiles in Fig-

ure 1 can be related to:

a) differing canister failure assump-
tions for TVO and SKB

b) long delay of iodine breakthrough
in the AECL case and their chosen
cut-off for quantitative calculations
at 100,000 years

¢) different far-field flow path geom-
etry assumptions for H-3, Kristal-
lin-l and Project Gewahr.

This comparision exercise allows the
conceptual models, mathematical
approaches and numerical databases
used in Kristallin-1 to be viewed in a
wider perspective. In this light, the
fundamental approach used seems to
be consistent with that used else-
where. The representation of trans-
port through the geosphere in Kristal-
lin-I does, however, seem to be some-
what over-conservative. Although, in
all cases, regulatory guidelines were
met with comfortable margins, the
different ways in which this was dem-
onstrated indicates that there is some
flexibility for any desired future
optimisation of repository concepts
and/or assessment techniques.

In conclusion, the authors would like
to thank the performance assessment
groups in Sweden, Finland, Canada
and Japan who provided input for
this comparison B
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