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Aim
The aim of this review is to evaluate the SKB safety report SR 97 with respect to the handling of
uncertainties related to chemical modelling together with a glance at the handling of the general
chemistry.

Introduction
Today, one can often find work reported in the scientific literature in which computer simulations are
made instead of experiments, especially in areas where experiments are difficult, expensive or
impossible to conduct. One of the latter is to try to foresee what happens in the future with a
repository for spent nuclear fuel which have to be functioning for very many years. It is not
uncommon that the data used in calculations and simulations related to this very difficult topic are
questionable for some reason. The result of this is that the outcome of the calculations will always be
more or less uncertain. This fact enhanses the importance of uncertainty and sensitivity analysis,
which has attracted greater and greater attention in the scientific community during the last years.
Several conferences in the subject have become more open for the common researcher, e.g. PSAM
(Probabilistic Safety Assessment and Management) and SAMO ( Sensitivity Analysis of Model
Output). Unfortunately, there still seems to be some resistance to abandon the traditional methods,
which only gives one deterministic answer, which may be right or wrong depending on how it is used.
Basing important decisions on a fixed result, which does not give any clue about the inherent
uncertainty, is in my opinion unsatisfactory as evidence that a repository for spent nuclear fuel is safe.
The uncertainties entering into every calculation (and experiment) should be given some kind of
scientific treatment. Depending on the origin of the uncertainty several methods to achieve this are
described in the literature, e.g. [HEL 97], KLE[95] and [EKB 95].

For the case of chemical modelling (and in other cases) it is possible to distinguish some different
types of uncertainties. The first of these (and in many cases the greatest) is the conceptual
uncertainty. It reveals the fact that there may be several methods to quantify a specific phenomenon
or a combination of phenomena, and these different methods produce different results. At a first
glance, it may seem trivial to distinguish which models or results are "right" or which are "wrong" for
a particular context but unfortunately in many cases this is not the reality. Other important types of
uncertainties are those that affect the derivation of input data used for the modelling. These may
usually be treated with some of the methods existing in the literature, such as statistical methods or
response surface methods.

Comments
Reading SR 97 revealed that some comments need to be made regarding the treatment of
uncertainties. Additional comments related to the handling of the general chemistry are also provided,
e.g. chemical speciation which deserve some enlightening (see below).

The fact that it is impossible to show that all variables, processes and connections in a safety
assessment have been taken into account is elementary and does not need be further addressed.
However, it must be up to SKB to prove that their decisions and judgements are within reason. For
example, it is written in chapter 4.6.3 in the main report that overestimating the "risks" may
compensate lack of detailed knowledge. One can argue that is a questionable approach. For
instance, there may be situations, e.g. in non-linear solubility calculations, where several input data
with values assumed to be conservative may give a relatively low solubility. However, a combination



of parameter values where some are assumed to be conservative and some realistic may give a
higher solubility. This is an effect of correlations and an analysis of these is very important Such an
analysis requires a detailed knowledge of the individual processes and the equations used to simulate
these.

Conceptual uncertainties
Conceptual uncertainties are discussed in a satisfactory, but somewhat too brief, way in chapter
4.6.3 in the main report. Unfortunately, there is no description about what SKB are planning to do
about these uncertainties. It is not enough only to discuss the reliability of the models (validation).
One should also discuss the comparison between the different conceptual models that are available
for the specific problem. In addition, one should also try to invalidate the models, i.e. showing where
they are definitely wrong. All models have a validity range and it is important to identify and describe
this range [NOR 92]. The simplest method is probably to solve the problem with different models,
then discuss the differences and finally draw the conclusions based on those discussions.

Statistical uncertainty analysis
The discussions made regarding conditioned and unconditioned probabilities in chapter 4.6.5 are
reasonable. My only problem is how to put a figure on "consequence". This has not been described
in SR 97 and thus I assume that they are based on subjective judgements. The use of probabilistic
methods in SR 97 is exemplified by determination of the solubilities for the different radionuclides,
see chapter 4.6.5 in the main report. There it is stated that "It has been extremely difficult to give a
reliable distribution of possible values for the solubilities". Although this is completely true, the
preferred method in such a case should be to use an uniform distribution for a wide interval and thus
increase the probability that "points" in the tails of the distributions are included, see the discussion
below.

Until today only one SKB-report has been published [BRU 97] that explicitly mention the handling
of uncertainties in solubility calculations. This report also includes the derivation of solubilities used in
SR 97. In this report, the treatment of the general chemistry is, according to my judgement, of good
quality. However, keeping in mind what has been done in the rest of the world in the context of
uncertainty and sensitivity analysis, e.g. England and USA [HAW 98][HEL 97][EKB 98], the
handling of the uncertainties in this report is at the best rudimentary. The approach of using only one
"low" and one "high" value for a given variable when judging its importance is not enough. Chemical
speciation is in most cases not linear why the adopted procedure in SR 97 only gives a rough
estimate, at the best. A more preferable method is to work from the bottom and upwards in the
investigation. This means that an uncertainty analysis of e.g. radionuclide transport starts with the
effects and role of different uncertainties in the solubility calculations. The results from these
probabilistic solubility calculations will then be the probabilistic input for the further transport
calculations.

As an example of the handling and recognition of uncertainties it may be worth mentioning a part of
chapter 4.6.3, which is dealing with the illitisation of the buffer material. According to SKB the extent
of this process may be estimated if the availability of potassium is known. This is probably true but
then it is also claimed that the amount potassium may be easily calculated. This is in my opinion not at
all evident. It is not shown which uncertainties that need to be considered in such a calculation,



keeping in mind the amount of potassium in the repository and in the future ground water
composition, which is also needed as a basis for the solubility calculations.

The discussion made in connection with distributions is bantering and rather irrelevant (although
correct). It is said that since it is not possible to get distributions for all parameters and thus they are
excluded from the probabilistic calculations by assuming that they can be represented by only two
values. A more "conservative" method would have been to assume uniform distributions for the
radionuclide solubilities concerned and thus enhance the probability that solubilities far from the mean
value would occur. The slightly inadequate method used in SR 97 make the conclusions regarding
solubilities slightly suspicious. If there are no reliable probability distributions available it is even more
essential that their importance is evaluated. As mentioned above, one can always assume a uniform
distribution and assign to it a range of about two times what is perceived as a realistic interval based
on the limited information that is available.

According to SKB, probabilities are supposed to be allocated to the data so the "risk" is
overestimated. I can not see how this can be demonstrated in a satisfactory way. However, even if
the method of risk analysis adopted in SR 97 is questionable, many positive features of SR 97
balance this shortcoming. An example that it is worth mentioning is the results from the unrealistic but
extremely conservative calculation cases with e.g. immediate dissolution of the fuel and no diffusion
resistance within the buffer material, which are presented in chapter 9.11.10. It is useful to
demonstrate that consequences are rather limited even when a "worst case" is discussed.

Chemical speciation
Chemical speciation and the uncertainties associated herewith are almost neglected or are at least not
considered in sufficient detail. In chapter 9.11 in the main report I did not even find the word
speciation although it is crucial for phenomena such as sorption and solubility limitations. The
solubility of an element is directly dependent on the speciation since the more of a complex that can
to formed, the more of the element concerned will be in solution and thus a higher solubility should be
used in the performance assessment. The same is true for sorption and surface complexation. One
must also consider that the same element can sorb differently on the same surface due to the
differences in the chemical environment that are assumed to exist in the rock. The resulting solubilities
and sorption coefficients are then used in the modelling of the radionuclide transport. Since SKB has
used only a very limited number of reference waters that are supposed to be valid for many possible
cases and scenarios, this method can be regarded as inflexible. An alternative approach is to predict
the chemical composition of a groundwater based on the composition of a rock sample, groundwater
flow etc. and then use these results to calculate the solubilities and the sorption coefficients of
interest. Such a method would, make a more thorough uncertainty and sensitivity analysis possible.
The latter would indicate which factors are of importance and need to be studied further. Naturally,
also this method has some drawbacks, e.g. it is necessary to include a larger number of uncertain
parameters in the system. These, on the other hand, may be handled by probabilistic modelling [HEL
93][HEL 94].

Finally it is worth mentioning that a too large part of the references given in SR 97 are to internal
SKB reports. This could have a negative impact on SKB's credibility, although these reports
generally keep a very good standard. By referring to internal reports, SKB gives the opponents the
possibility to claim that SKB are biased and do not pay sufficient attention to international experts. It



would have been better to refer to the open scientific literature to a larger extent in order to increase
the general credibility.
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