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Abstract

The SPA project, addressing performance assessment of spent fuel disposal, is a direct
continuation of the efforts made by the European Community since 1982 to build a common
understanding of the methods applicable to performance assessment of a deep geological disposal.
It enabled to draw preliminary conclusions on the respective importance of the radionuclides
present in the different types of waste, on the influence of some of the main assumptions used in
the modelling and helped to specify the expectable role of disposal system components. From
1996 to 1999, six national research institutions in six member countries of EU (Spain, Germany,
France, The Netherlands, Belgium and Finland) were involved in this project devoted to the case
of spent fuel. This paper only addresses the assessments made by IPSN (France) for the granite
site in the case of the normal evolution scenario. According to the results obtained, the maximum
effective dose is in a first time mainly caused by two fission products (I29I and 79Se). Then,
radionuclides from radioactive decay chains (226Ra, 230Th and 229Th) progressively become the
main contributors.

1. STARTING ASSUMPTIONS FOR THE ASSESSMENTS

Devoted to spent fuel wastes, SPA [1] is a follow-up of the PAGIS [2], PACOMA [3] and
EVEREST [4] projects which dealt with the disposal of intermediate long live wastes and high
level vitrified wastes. Performance assessments undertaken within the SPA project are only
methodological exercises. Though they were defined in relative agreement with the national
contexts, they do not intend to precisely reflect the technical option prevailing on projects actually
developed in each country. This starting assumptions comprise the definition of the amount and
nature of the wastes to be disposed of, the characteristics of the site and the characteristics of the
different engineered barriers.

1.1 Amounts and characteristics of waste

The assumption of a 50 years period of national production is taken as a reference. Over this 50
years period, fuel cycle management is assumed to be based on a partial reprocessing of unloaded
UOX fuel assemblies for the production of MOX fuels. Thus, out of 60,000 tHM of fuel unloaded
over the 50 years period, 15,000 tHM of UOX fuels and 5,000 tHM of MOX fuels are disposed of,
a complementary amount of 40,000 tHM of UOX fuels being reprocessed to produce MOX fuels.

1.2 Site

For the purpose of the project, IPSN based its assessments on the hypothetical granitic site defined
within the framework of EVEREST [4]. The chosen host rock is a granite massif intrusive in
schistose formations. It reaches an average height of 320 m and outcrops over an area of
approximately 300 km2. With regard to structural geology, several fracturing zones divided into
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roughly parallel swarms are identified. Repository location is chosen in a zone of weak hydraulic
gradients, as far as possible from potential outlets and identified faults.

1.3 Repository design

In the IPSN assessment, the repository is assumed to be excavated at a depth of about 500 m and
consists of 91 parallel disposal galleries. In each gallery, 160 containers are emplaced
horizontally. According to the dimensions of the containers, a minimal section of the gallery of
about 15 m2 is needed for handling. The voids between the container and the host rock are filled
with swelling clay (smectite). Based on thermal calculations a distance of 10 m between
containers and a distance of 25 m between two adjacent galleries are adopted as a plausible
configuration for the repository for a cooling time of 50 years. The corresponding total horizontal
area is of 3.7 km2 (1,600 m x 2,300 m).

1.4 Scenarios assessed

Reference case was based on the failure of every container after 1,000 years of perfect tightness,
on the progressive release of the waste activity congruently with waste-form degradation, on its
transfer in liquid phase first through the clay-based engineered barrier and the excavation
damaged zone (the "Near-Field"), then through geosphere (the "Far-Field"), on the arrival of
contaminated water in the biosphere and finally on the use of the water for drinking and irrigation.
During the whole duration of this scenario, host rock (with the exception of a zone immediately
surrounding the excavation) was assumed to remain unaltered. In addition to the previous
reference scenario, two altered evolution scenarios were considered. The first one assumed the
exploitation of a deep well, the other scenario the failure of access shaft sealing. In the first case,
the drilling of a deep pumping well in a fractured area in the vicinity of the repository was
envisaged. In the second case, the assumed bad efficiency of seals was considered to result in
increased hydraulic conductivities in an access shaft.

Modelling description and results proposed in the following only relate to the case of normal
evolution.

2. MODELLING AND DATA

2.1 Radiological inventory

On the basis of a preliminary screening, a total number of more than 30 radionuclides were
selected and taken into account in the calculations performed by IPSN. Table 1 and table 2 give
the initial inventories for the most important ones.

2.2 Source-term

A common source term model was defined and used by the different participants in the SPA
project. According to this model, three different parts were distinguished in the waste form from
the point of view of release behaviour. These parts were namely:

• the UO2 matrix of the fuel pellets,
• the gaps between the fuel pellets and the cladding,
• the claddings and the other structural parts of the fuel assemblies.

The UO2 matrix was assumed to regulate activity releases to very low rates over the long-term
whereas the part of activity inventory located in the gaps was considered to be instantaneously
released after container failure. Structural parts had an intermediate behaviour.

• The activity accumulated at the grain boundaries of the UO2 matrix was identified as possibly
constituting a fourth distinct part. In the framework of the SPA project, it was considered to
be instantaneously released and therefore merged with the activity in gaps.
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In the common source-term model, structural parts and fuel claddings were considered to degrade
continuously over a period of 1,000 years and fuel matrix to be continuously leached in 106 years.
These progressive degradations were supposed to be accompanied by congruent releases of the
corresponding activity. An alternative source term model based on UO2 matrix degradation
related to cc-radiolysis was also studied.

23 Transport modelling

In IPSN performance assessment the groundwater flow as well as near-field and far-field transport
calculations were carried out with one single model using the code MELODIE. Thanks to the
porous medium approach used to describe the granite, the same processes were assumed to be at
play in every part of the system and the same system of equations was thus solved for both Near-
Field and Far-Field. Near-Field (composed of the disposal galleries along with the clay-based
material that filled them and the excavation damaged zone) and Far-Field (the host rock with the
main fracturing zones) were all explicitly represented in a same 3-D mesh using local refinements.

2.4 Biosphere

Transfer in the biosphere was dealt with through the application of biosphere conversion factors to
geosphere modelling outputs. These coefficients provided the annual dose rates (Sv.year"1)
resulting from an activity concentration of 1 Bq.m'3 in the water used by a member of the
hypothetical critical group. They were derived from appropriate biosphere modelling on the basis
of the definition of the characteristics of the critical group and of the transfer parameters values.
Selection of pathways and choice of parameter values were made according to a cautious
approach that relied on the consideration of relatively high level of self-subsistence for water and
food.

3. RESULTS AND DISCUSSION

The maximum effective dose obtained by IPSN in the case of the river outlets was in the order of
10"6 Sv.year"1 and occurred some 105 years after repository closure (figure 1). From the time of
arrival of the radioactive plume into the biosphere (after about 104 years) up to 105 years, the
effective dose was mainly caused by 129I and 79Se, the other fission products contributing only
moderately to the total effective dose. After 105 years, radioactive decay chains radionuclides
became progressively the main contributors to the total effective dose, the most important ones
being 226Ra,230Th and 229Th.

Because of its long half-live, high solubility and low sorption, I29I was found to play a major role
in the total radiological impact. With respect to 129I, disposal system turned to be "transparent":
after a transient phase, activity flux at the interface geosphere-biosphere reaches an equilibrium
state. The performance of the system then appeared to be limited to the efficient smoothing of
instantaneous release. The 129I dose relates therefore to the release wastes of 129I from the fuel
matrix and to the overall dilution provided by geosphere and possibly by surface water. 226Ra and
230Th (daughters of 234U in "4N+2" decay chain) were found to dominate the dose after some
105 years.

Sorption processes and the way they are modelled are responsible for the differences found in the
transfer time of transuranic elements between the different partners of the project. The difference
is partly due to discrepancies in sorption coefficients (Kd) values but also and mainly to
differences in modelling. In IPSN model, sorption is related to ion-exchange with clay minerals
and only part of the rock mass is accordingly involved in sorption. Consideration of matrix
diffusion in the modelling approaches were found to be of great importance with regard to
retardation of transport.
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TABLE 1: REFERENCE RADIOLOGICAL INVENTORIES IN THE FUEL
MATRIX FOR A SELECTION OF RADIONUCLIDES.

SN
I4C

36C1

79Se

"Tc
107Pd
129,

135Cs
234U
235U
2 3 ^

237Np

Half-live[years]

5.73-103

3.00-10'

6.40-104

2.13-10'

6.50-106

1.57-107

2.30-106

2.45-10'

7.04-108

2.34-107

4.47-109

2.14-106

Inventory fSqJMH'1]

2.59-1010

2.63-109

1.60-1010

6.80-10"

6.00-109

1.53-109

2.05-1010

1.71-1010

5.42-108

1.15-1010

1.15-1010

1.69-1010

TABLE 2: REFERENCE RADIOLOGICAL INVENTORIES IN THE METAL
PARTS FOR A SELECTION OF RADIONUCLIDES.

RN
I4C

36Cj

99Tc

Half-live/years]

5.73-103

3.00-10'

2.13-10'

Inventory [Bq.tMEt1]

2.29-108

1.1710s

1.4310 s
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1E-4 =

t \Effective annual dose fSv.year'']

3j Timely ears] hj

F/G. 7. Annual dose results for IPSN normal evolution scenario (river outlet).
(4N: 236U -> 232Th; 4N+1:233U -> 229Th -> 225Ra; 4N+2: 238U ^ 234U -9 230Th -> 226Ra; 4N+3: 235U -* 231Pa)
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