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Abstract

Prior to coming site investigations for siting of a deep repository for spent nuclear fuel, SKB has
carried out the long-term safety assessment SR 97, requested by the Swedish Government. The
repository is of the KBS-3 type, where the fuel is placed in isolating copper canisters with a high-
strength cast iron insert. The canisters are surrounded by bentonite clay in individual deposition holes
at a depth of 500 m in granitic bedrock. The future evolution of the repository system is analysed in
the form of five scenarios. The first is a base scenario where the repository is postulated to be built
entirely according to specifications and where present-day conditions in the surroundings, including
climate, persist. The four other scenarios show the evolution if the repository contains a few initially
defective canisters, in the event of climate change, in the event of earthquakes, and in the event of
future inadvertent human intrusion. The principal conclusion of the assessment is that the prospects of
building a safe deep repository for spent nuclear fuel in Swedish granitic bedrock are very good.

1. PURPOSE AND PREMISES

In preparation for coming site investigations for siting of a deep repository for spent
nuclear fuel, the Swedish Government and nuclear regulatory authorities have requested an
assessment of the repository's long-term safety with the following purpose: "...to demonstrate
that the KBS-3 method has good prospects of being able to meet the safety and radiation
protection requirements which SKI and SSI have specified in recent years."

SR 97 is the requested safety assessment. The purpose is to demonstrate by means of a
systematically conducted analysis whether the risk of harmful effects in individuals in the
vicinity of the repository complies with the acceptance criterion formulated by the Swedish
regulatory authorities, i.e. that the risk may not exceed IO"6 per year. Geological data are taken
from three sites in Sweden to shed light on different conditions in Swedish granitic bedrock.
The repository is of the KBS-3 type, where the fuel is placed in isolating copper canisters with
a high-strength cast iron insert. The canisters are surrounded by bentonite clay in individual
deposition holes at a depth of 500 m in granitic bedrock.

The assessment applies to a closed repository for spent nuclear fuel and thus does not
include either safety during operation or safety of the repository for long-lived low- and
intermediate-level waste. These matters are dealt with in separate reports.
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2. METHODOLOGY

The methodology in the assessment entails first describing the appearance of the
repository when it has just been closed and then analyse how the system changes with time as
a result of both internal processes in the repository and external forces. The future evolution of
the repository system is analysed in the form of five scenarios. The first is a base scenario
where the repository is postulated to be built entirely according to specifications and where
present-day conditions in the surroundings, including climate, are postulated to persist. The
four other scenarios show how the evolution of the repository differs from that in the base
scenario if the repository contains a few initially defective canisters, in the event of climate
change, in the event of earthquakes, and in the event of future inadvertent human intrusion.
Repository evolution is broken down into thermal, hydraulic, mechanical and chemical
processes, and the ultimate purpose of the analyses is to evaluate the repository's capacity to
isolate the waste in the canisters, and to retard any releases of radionuclides if canisters are
damaged. The time horizon for the analyses is at most one million years, in accordance with
preliminary regulations.

3. BASE SCENARIO

In the base scenario the overall conclusion of the analyses of the thermal, hydrological,
mechanical and chemical evolutions is that the copper canister's isolating capacity is not
threatened by either the mechanical or chemical stresses to which it is subjected. The safety
margins are great even in a million-year perspective.

4. CANISTER DEFECT SCENARIO

The internal evolution in initially defective canisters and the possible resultant
migration of radionuclides in buffer, geosphere and biosphere are analysed in the canister
defect scenario, assuming present-day climate.

The scenario first shows that criticality cannot be expected to occur in the repository.
Analyses of the hydromechanical evolution in a damaged canister when water enters show that
even the damaged canister prevents the release of radionuclides for a very long time, since
intruding water is consumed by corrosion of the cast iron insert.

Dissolution of the fuel and solubility conditions for radionuclides released from the
fuel are studied in analyses of the chemical evolution in a damaged canister. Model
calculations show that hydrogen gas generated by corrosion of the cast iron insert contributes
towards keeping the rate of fuel dissolution low.

Groundwater flow is studied on a local scale on the three sites. The analyses show that
variation in results stemming from the natural variability in the rock often overshadows the
variation caused by both differences between model concepts and uncertainties in boundary
conditions, fracture structure, etc.

Radionuclide flux in the biosphere is modelled for a number of ecosystems identified
in the discharge area, e.g. well and peatland. Peatland gives relatively high doses as a
consequence of accumulation of mainly Ra-226.



With reasonable data, the doses on all sites lie far below the dose limits that can be
derived from the official acceptance criteria. The influence of uncertainties in data is analysed
by systematically substituting reasonable data for pessimistic data and studying the calculation
result.

The results of risk analyses in the form of simplified probabilistic calculations show
that the risk at all sites lie well below the official acceptance criterion, 10'6/yr.

5. CLIMATE SCENARIO

The consequences of future climate change are explored in the climate scenario. The
overall conclusion is that the isolating capacity of the copper canister is not threatened by
either mechanical or chemical stresses. The mechanical stresses are larger than in the base
scenario, mainly due to higher rock and groundwater pressures in connection with a glaciation.
The chemical stresses are roughly the same, partly because oxygen-containing groundwater is
not expected to reach the canister.

6. EARTHQUAKE SCENARIO

In the earthquake scenario, the consequences of earthquakes are analyzed by means of
model studies where site-specific data are used for the structure of the geosphere and for
earthquake statistics. The analysis method is new and includes several highly pessimistic
simplifications. The analyses show that the probability of canister damage is comparable with
the probability assumed for initial damage in the canister defect scenario. In the evaluation of
the analysis method, it is shown how less pessimistic assumptions should lead to no canister
damage at all in the model studies. The method will be refined.

7. INTRUSION SCENARIO

The scenario that deals with future inadvertent human actions that could conceivably
affect the repository is surrounded by great uncertainties, chiefly because the evolution of
human society is in principle unpredictable. SR 97 discusses how conceivable societal
evolutions and future human actions that affect the repository can nevertheless be categorised
to some extent. In an illustrative example, a situation is analysed where a canister in the
repository is inadvertently penetrated by rock drillers. Dose and risk are calculated for the
drilling personnel and for a family that settles on the site at a later point in time. The risk to
both drilling personnel and family is judged to lie well below the acceptance criterion, since
the probability of the analysed events is estimated to be very small.

8. CONCLUSIONS

The principal conclusion of the SR 97 safety assessment is that the prospects of
building a safety deep repository for spent nuclear fuel in Swedish granitic bedrock are very
good.

The three analyzed sites reflect reasonable variations of the conditions in granitic
bedrock in Sweden. The analysis does not provide support for attaching any significant
importance to differences in long-term safety between sites in a weighing together of all the



factors that influence the siting of a deep repository.

Another conclusion is that the methodology that is used in SR 97 comprises a good
foundation for future safety assessments that will be based on data from completed site
investigations.

The results of the assessment also serve as a basis for formulating requirements and
preferences regarding the bedrock in site investigations, for designing a programme for site
investigations, for formulating functional requirements on the repository's barriers, and for
prioritization of research.

The next stage in the siting of a deep repository entails investigation of the bedrock at a
number of candidate sites in Sweden. It is SKB's judgement that the scope of the safety
assessment and confidence in its results satisfy the requirements that should be made in
preparation for such a stage.
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