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ABSTRACT - A comprehensive study was done at the J. Stefan Institute in Ljubljana and
the School of Environmental Sciences in Nova Gorica in relation to sources of uncertainties
in long-term environmental impact assessment (ElA). Under the research two main
components were examined: first, methodology of the preparation of an El A, and second,
validity of an expert opinion. Following the findings of the research a survey was performed
in relation to assessing acceptability of radioactive waste repository by the regulators. The
components of dose evaluation in different time frames were examined in terms of
susceptibility to uncertainty. Uncertainty associated to human exposure in the far future is so
large that dose and risk, as individual numerical indicators of safety, by our opinion, should
not be used in compliance assessment for radioactive waste repository. On the other hand,
results of the calculations on the amount and activity of low and intermediate level waste and
the spent fuel from the Krsko NPP show that expert's understanding of the treated questions
can be expressed in transparent way giving credible output of the models used.

1. Introduction

A problem of validity of environmental long-term predictions [1,2,3] associated with
radioactive waste disposal and regulatory decision making in the presence of uncertainty is a
subject of thorough analysis in recent time. In this connection a predictive modelling of the
quantity, radionuclide inventory, and activity of the radioactive waste in Slovenia was made.
Screening of doses due to waste disposal was also made. The issue in these predictions is
accuracy, i.e. validity: on one side accuracy of predictions of waste characteristics by the year
2023 when the nuclear power plant Krsko (NPP Krsko) is planned to be closed down, and
validity of exposure evaluations for the far future (more than hundred years from now) on the
other. The assumption before doing calculations was that given accurate figures of the
quantity, radionuclide inventory, and activity of the radioactive waste in the year 2023, the
calculation of changes of activity during time (afterwards) is relatively accurate. We used
computer code Origen2 for the calculations associated with spent fuel [4,5] and developed a
code for calculations connected to low and intermediate level waste to test the above
assumption. Based on results of calculations the influence of uncertainties in these
predictions on the strategy for waste management is discussed. Another assumption, or better
expectation was, that predictions about human exposure to disposed radioactive waste may be
so uncertain, that use of dose evaluation in the licensing procedure may be questioned also
from technical point of view. Preliminary dose evaluations were made using computer code
Amber 3.3.
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2. Sources of uncertainty in EIAs and methodology of research

The research on credibility/validity of EIAs made in the past was directed as to
explore methodological sources of uncertainty of the predictions in regard to long-term
environmental impacts. The ways of how to avoid or minimize these uncertainties (what is
meant here by uncertainty is not the so-called "statistical" uncertainty, which is connected to
dispersion (distribution) of information, but rather conceptual or phenomenological
uncertainty, which is connected to understanding of phenomena [6,7]) were also investigated.
One should note that there is no possibility to check (verify) long-term predictions by any
kind of monitoring or empirical data at present and that in such cases expert opinion plays
even a stronger role than otherwise. Even post-audits of the models are impossible in the case
of predictions for thousands of years.

In the research a set of 350 environmental reports was selected for the initial review.
Purpose of this review was to gather information on how many objections by the clients,
authorities, the public and others were given to these evaluations. This was the first level of
evaluating credibility and validity of environmental evaluations. The second level was
through special questionnaires and interviews of the experts, which were most often involved
in these evaluations.

The following main entities of the EIA process were investigated:

• Information about characteristics of a proposed activity
• Characteristics of environmental setting where the proposed activity is planned to be

realized
• Changes in the environment due to interactions between the proposed activity and the

environmental setting
• Valuation of environmental changes (interpretation of environmental changes in terms of

values - identification of impacts)
• Conclusions in terms of acceptability of environmental impacts.

The results of these investigations are:

• The evaluation of the necessity of the project for the overall society and especially for
local people, where the project is planned to be realized, is a key starting point in
assessing its acceptability. Thorough investigation of alternatives (site alternatives,
transport alternatives, technological changes, etc.) makes significant support in this
evaluation. These kinds of assessments should be integrated with the evaluation of
acceptability of environmental impacts, i.e. with criteria of acceptability. Recently this is
done by integrating environmental assessment techniques with methods of economic
appraisal and social impact assessment on the strategic planning level. In connection to
radioactive waste repository an assessment of its necessity on national level is inevitable.

• The core of environmental impact assessment is not environmental elements as such (air,
water, soil, flora, fauna, e t c . ) , but rather our relation to, and interest about the
particular element. In this sense it is more appropriate to integrally analyze why we think
that particular environmental element should be protected than to solely investigate its
ecological importance (biological approach, nature conservation), or potentials for its
pollution (pollution prevention), or the consequence of the pollution for human health.
Such evaluation is much more in the context of the theory of EIA, which relies on
valuation of impacts. Connected to radioactive waste disposal this would mean that
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humans' interest about environmental elements, i.e. interest about potentials and the ways
of using the environment determine their relation to different alternatives of its usage.
Since one of the alternatives is waste disposal, the acceptability and priority of this option
can appropriately be assessed only based on comparison with other potential uses of a
particular environment. This is usually done by using land-use comparison as a basis.

• The underlying components in any EIA are, therefore, the following relations:

=> We and Elementary (why we think that protection of nature in its original, i.e. elementary
state is appropriate? This is usually articulated by Nature Conservation).

=> We and Pollution (why we think that we need to prevent pollution? Usually articulated as
Pollution Prevention, Health Protection).

=> We and Future Generations (why we think that we have responsibilities to protect future
generations? Usually articulated through ethical considerations or as Natural Resources
Protection).

Only when all the three are integrally analyzed in a proper way we may say that EIA has
been done completely, comprehensively and appropriately (holistic approach). In this
way, the evaluation of acceptability of a project, especially such sensible project as
radioactive waste disposal, can not be considered as appropriate if only a limited
perspective is applied. It seems that more and more different audiences understand that
such a limited perspective is applied when only dose and/or risk are used as indicators for
such an evaluation. Appropriate selection and distinction between indicators of
environmental change and impacts reduce uncertainties in such evaluations in the first
place. Another important feature is clear presentation of social interests (goals) when
evaluating acceptability of environmental changes. The transparency of evaluation
methods used by experts is the key element in achieving overall validity of the evaluation
results, as well as the evaluation procedure itself.

3. Predictive modelling of the quantity, radionuclide inventory, and activity of the
waste from the NPP Krsko

Low and Intermediate Level Waste

Based on available data on the amounts and activity of low and intermediate level
radioactive waste from the Krsko NPP [8,9,10] the following compilation of specific
activity data was made, see Table 1:

Specific activity of selected radionuclides in the waste collected in one year (Bq/m")
Waste Type

SRT"
Co-58

2.3*10'
Co-60 Cs-134

2.7*10K 9.5*10'
Cs-137

1.4*10'
Cr-51

0.0

cw 1.9*108 2.3*108 8.6*10° 2.3*10' 7.2*10'
~\A*W 8.5*10s

EB 1.7*105 5.8*105 0.0
1.8*10' 2.1*10' 7.4*10' 1.1*10' 0.0

U I 3.9*10' 1 2.5*10" | 6.2*10' | \.9*\<f
SR— spent resins, CW — compressible waste, EB - evaporator bottom, F — filters, O - other waste

O 0.0

Table 1: Specific activity of selected radionuclides in LILW of the NPP Krsko

The anticipated decomissionning waste was evaluated separately. Emphasis in these
evaluations was given to the content of long-lived radionuclides in the waste. The evaluated
total activity of long-lived radionuclides in the year 2023 is summarised in Table 2.
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Isotope
C-14
Ni-59
Ni-63
Mo-93
Nb-94

Half-life (years)
5730

75000
96

3500
20300

Total activity (Bq)
8.1*10"
4.4* 10u

6.6*10°
2.1*10'"
2.6*10"

Anticipated volume of these waste is 200 mJ

Table 2: Aticipated total activity of selected long-lived radionuclides in LILW [9]

Based on these figures and data in [8] the adopted variation in Cs-137 specific activity
in spent resins is within a factor of ten. This gives a variation in time in which the activity
will drop below the prescribed level of 102 MBq [Slovenian regulation] of about hundred
years, which will happen in approximately 350 ±100 years.

Spent Fuel

Prediction of the quantity of the spent fuel from the NPP Krsko after 35 cycles is
pretty accurate: each year approximately one third of the fuel is replaced in the reactor. This
gives about 16 tons of spent fuel per cycle, or about 560 tons in total lifetime. However,
prediction of the quantity of spent fuel is not an issue but rather its activity, radionuclide
inventory, and decay heat, at least in the first decades after irradiation. We used computer
code Origen2 for these predictions [4,5].

Calibration of the prediction model for the NPP Krsko was done on the basis of the
past 13 fuel cycles. The assumptions used, the process of calibration, and results achieved are
presented in detail in [11].

Integrally, the model represents the past thirteen cycles adequately (with acceptable
level of uncertainty, see Table 3). The analysis of eventual changes in the activity of spent
fuel due to different fuel enrichment is given in Figure 1. Adopted variation was one percent
above and below the value presently applied, i.e. 4% of U-235 in the fuel. The calculations of
difference if the activity of spent fuel if the plant operates five years longer or shorter than
planned were also made. These differences are presented in Figure 2.

Reference [12]
Reference [13]
Model prediction
Difference (%),
rounded

Activity after 7.
cycle (Bq)
7,5*10'°
9,2* 1015

9,9* 10'8

9-33

Cooling period
(days)

45
45
45

Activity after
13.cycle(Bq)

N.A.
2,5*10'*
l,2*10ly

208

Cooling period
(days)
N.A.

32
45

Table 3: Comparison of the calculated results (model vs. operational data)
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E 1.00E+10

i
> 1.00E+09

1.00E+08

1.00E+07
1.00E+06

ACT3 ACT5

1.00E+00 1.00E+01 1.00E+02 1.00E+03

Time (years)

1.00E+04 1.00E+05 1.00E+06

Figure 1: Influence of fuel enrichment on activity of actinides (ACT3, ACT4, ACT5
stands for activity of actinides at enrichment of 3, 4, and 5% of U-235, respectively. The

results are for one model-batch of fuel)

Activity after 30, 35 and 40 years of operation

1.00E+14

1.00E+13

1.00E+07 +

1.00E+00 1.00E+01 1 .OOE+03

Time (years)

1.00E+04 1.00E+05 1 .OOE+06

Figure 2: Influence of extended (Act40) or shortened (Act3.0) operation of the Krsko plant
on the activity of actinides in the complete spent fuel (basic estimate is that the plant will

operate 35 cycles - Act35. One cycle lasts for one year according to the used model)

Nuclear Energy in Central Europe '98 507



4. Conclusion

The research on credibility/validity of EIAs made in Slovenia in the past showed that
trust into expert opinion about future environmental impacts has its roots in multiple factors.
One of the most important elements is transparency of expert opinion. Possibility of
subsequent review and verification (auditing) of evaluations is a key factor of credibility.

Uncertainty evaluation in terms of scenario analysis for Krsko NPP revealed that
different fuel enrichment, or longer vs. shorter period of the plant operation does not
influence the basic characteristics of the waste in such a scope that this would have
consequences for the radiactive waste management strategy.
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