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ABSTRACT

The purpose of this paper is to raise some issues concerning uncertainties in the estimation of
doses of ionizing radiation arising from waste management practices and the contribution to
those uncertainties arising from dosimetry modelling. The intentions are:

(a) to provide perspective on the relative uncertainties in the different aspects of
radiological assessments of waste management;

(b) to give pointers as to where resources could best be targeted as regards reduction
in overall uncertainties; and

(c) to provide regulatory insight to decisions on low dose management as related to
waste management practices.

1. UNCERTAINTY ANALYSIS IN RADIOLOGICAL ASSESSMENT OF WASTE
MANAGEMENT

It is not the purpose here to review methods of uncertainty analysis. Extensive references
have done this already; see, for example, IAEA Safety Series 100 [1] for environmental transfer
models and Robinson and Cooper [2] which deals more specifically with solid waste disposal.
However it is interesting to outline how uncertainties arise at each stage in the assessment process,
as applied to routine releases and solid waste disposals.

Firstly, a picture of the system under assessment has to be constructed, for example, based
on a list of relevant features, events and processes (FEPs). This picture can be developed into a
conceptual model of the system. Conceptual model uncertainty may be investigated by
alternative conceptualizations of the system being modelled; this applies as much to interpretation
of groundwater flow data (eg, fractured flow or a porous medium approximation) as to
alternative representations of the lung, as discussed in [3].

The conceptual description is then interpreted mathematically, to create a mathematical
model. Uncertainties arise regarding the adequacy of the equations used to represent the FEPs
included in the conceptual model. For example, for convenience, linear approximations may be
made so as to simplify the solution.

Choices of data then have to be made for the parameters in the mathematical model.
Uncertainty analysis (UA) has tended to focus on data uncertainties. For example, those systems
which can be well characterized statistically are susceptible to Monte Carlo type UA approaches.
Ultimately, however, it should not be forgotten that a subjective element is bound to creep into the
uncertainty evaluation, even if it is the subjectivity of an expert group. It is particularly difficult
to characterise the extreme ranges in parameter distributions, yet it is these extremes which may
control the values of the quantities characterizing the results distribution. Furthermore, the
contributions to uncertainty in the overall assessment results arising from conceptual and
mathematical modelling should not be ignored. These issues have been considered in relation to
a variety of radiological assessment situations in the BIOMOVS II Overview Report [4].
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Sometimes included within uncertainty is the effect of variability. The appropriate value
of a parameter to use in a model may be difficult to determine because of our lack of knowledge
of the system being modelled but also because that system is itself temporally or spatially
variable. (In this sense, a parameter value might relate to a deterministic value or to a parameter
characterizing a distribution.) Sheppard and Evenden discuss [5] variations in soil to plant
transfer in far future conditions, providing useful advice in site generic and site specific situations.
In the dosimetry .context, temporal and spatial variability correspond to age at the time of intake
and distributions in body size at any particular age. The importance of the distinction between
variability and uncertainty has been highlighted [1], [2], but it is also possible that the distinction
becomes blurred in regulatory evaluations. If we could define very precisely the system to be
assessed (the groundwater system or the exposed person) then the distinction would be clearer;
however, this is very difficult for situations involving very long timescales, as in solid waste
disposal assessments, or assessments of routine releases of very long-lived radionuclides.

These aspects of uncertainty arise in any kind of quantitative modelling exercise, whether
directed at radionuclide movement in the ground, radionuclide migration and accumulation in
the biosphere, or, more specifically, radionuclide behaviour in and radiation interactions with the
human body. Inclusion of evaluation of uncertainties within a radiological assessment is
increasingly regarded as important, as evidenced by the increasing body of reports on the subject.
Equally, uncertainties in dosimetric models are attracting deserved attention, eg in on-going work
described in [6] on internal dosimetry uncertainties and the implications for accident
consequence analysis. However, it seems unusual for radiological assessments of planned waste
management practices, either for effluents or solid wastes, to include evaluation uncertainties in
the dosimetric models used to relate intake to dose or to relate proximity to radioactive material
to external dose. Values of dose per unit intake are usually accepted, from one reference or
another, as precisely correct. Proehl and Mueller [7] can be regarded more than positively,
because it examines conceptual (scenario) and not just parametric uncertainty when discussing
the distribution of potential individual doses arising from long term groundwater contamination.
However, even here, the dose coefficient data were not assumed to vary. An interesting question
arises as to whether inclusion of dosimetric uncertainty would significantly widen the distribution
of results for waste management assessments, either generally or in specific instances.

Some examples are briefly considered below of specific dosimetry issues which may have
significant influence on uncertainty estimates associated with waste management radiological
assessments. The implications for assessment results and regulatory control are then also briefly
considered.

2. SPECIFIC DOSIMETRY ISSUES

Assessments of proposed and actual waste management practices include evaluation of
doses arising from a wide range of exposure pathways involving ingestion, inhalation and
external irradiation as the primary exposure modes. While for any one specific scenario, one or
other radionuclide and exposure pathway will turn out to be critical, it is not unusual for a range
of results for a variety of different scenarios and pathways to influence decisions on waste
management. In the mean time, detailed dosimetry modelling issues continue to be studied, eg
assumptions about continuous as opposed to one-off intake [8] and treatment of the effects of
daughter radionuclides, as in the case of Th-232 [9]. Over time, such studies contribute to widely
accepted recommendations on dosimetry assumptions to be adopted in wider assessments. It is
therefore inappropriate to revisit such detailed work when interpreting the broad
recommendations, so long as any relevant caveats concerning their application are taken into
account. However, consideration of a variety of waste management radiological assessments can
identify a number of interesting issues which still require interpretation within those broadly
accepted recommendations. In many cases this is because the assessment model for radionuclide
migration and accumulation interfaces directly with the dosimetry model. Assumptions in one
model affect or should affect assumptions in the other.

An important dosimetric issue affecting ingestion pathways concerns assumptions for gut
transfer factor. It is typically assumed that the chemical form on intake is that giving rise to the
highest dose, because of uncertainties about chemical conditions which will apply at the time of
intake. However, when site specific data can be applied, values implying lower doses may be
justifiable [10]. The reductions in dose associated with alternative chemical forms can be
significant, at least for some radionuclides, that is, an order of magnitude or more [11].

60



Concerning inhalation, similar considerations arise as to the chemical nature of the
inhaled material and the association between the radionuclides and particles of different sizes.
Normally, for waste management assessment purposes, assumptions are made tending to
maximise the dose, but without serious consideration of the applicability of those assumptions to
the assumed conditions giving rise to the exposure.

For evaluation of external irradiation, convenient tables are provided in Federal Guidance
Report No 12 [12]. Significant discussion is provided of the modelling assumptions and the
related uncertainties, eg as regards treatment of the proportion of photons arising at relatively low
energies and treatment of anisotropic radiation fields. Again, results are subject to uncertainties.
Note that reference [12] tabulates data for effective dose equivalent and not for effective dose,
because of the (then) status of decisions in the USA.

3. IMPLICATIONS FOR ASSESSMENT RESULTS

Two questions arise: are the uncertainties linked to dosimetric modelling significant in
themselves and are they significant relative to other uncertainties in the assessment?

Uncertainties in dosimetric quantities such as dose coefficients arise as with any other
modelled quantity. The degree of uncertainty will depend on the particular type of exposure.
Also, the quality of metabolic data for particular radionuclides is bound to vary. Brief review of
published data suggests, eg [11] , [13], that alternative assumptions can lead to values for
dosimetric quantities which range over an order of magnitude or perhaps more in some cases.
Comparisons are difficult because the quantities may not always be directly comparable even
though the purpose to which the quantities are put is the same. The significance of this degree of
uncertainty will depend on the purpose of the overall assessment in which the dosimetry results
are being used.

Concerning the relative significance of dosimetric and other assessment uncertainties, a
few examples are considered here related to solid waste disposal. It may be noted at the outset
that in all these cases the levels of assessed dose are very low.

Reference [7] presents results for doses arising from agricultural use of contaminated
groundwater, as may occur in the long term due to releases from waste repositories. The
distributions of the potential doses cover in general about a factor of 10 - 20. The range in
uncertainty in dose coefficients is perhaps comparable, and it is at least possible that inclusion of
dosimetric uncertainties could widen the dose distribution. Children who are 1 year old are said to
represent the critical group for most radionuclides. Bearing this in mind, it is interesting, as an
example, to consider the effect of potentially high gut transfer of Th isotopes in infants, resulting
in dose coefficients about 20 times higher than for adults [14]. Many waste management
assessments do not consider infants, children and adults as separate critical groups.

Relatively simple dose models have been proposed for long term waste management
assessments, because of the difficulty of specifying long term biosphere conditions, eg[15].
During the period of repository develop, dosimetric recommendations and regulations are bound
to change. The effect of updated recommendations on [15] is considered in [16]. The
differences are only about a factor of three or less, which is reassuring. However, only limited
consideration was given to exposure pathways. Hazard indices based on different assumptions
for radiotoxity have also been proposed, as reviewed in [17]. It is interesting to consider how
robust these indices (and any decisions based on them) are to changes in dosimetry
recommendations and modelling uncertainties.

Reference [18] provides results for the effect of different climate scenarios on doses. The
spread of peak dose results is about 3 orders of magnitude, assuming the reference case release of
radionuclides from the geosphere. Reference [19] reviews a selection of repository performance
assessments, looking at modelling treatment of processes in the repository, the geosphere and in
the biosphere. These and similar assessment reports would suggest that the dosimetry
uncertainties, as indicated by ranges from discussion in section 2 above, are relatively small
compared to the other repository assessment uncertainties. It should be noted that all these results
are presented as indicators of the impacts of waste disposal rather than as absolute predictions of
dose. In fact, this view of the assessment results could be regarded as an extension of the concept
of effective dose as a measure of the risks associated with radiation exposure.
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4. IMPLICATIONS FOR REGULATORY CONTROL AND THE FUTURE

The following points are made not as conclusions, but as preliminary observations.

Uncertainties associated with dosimetry aspects of radiological assessments, particularly
long term assessments of solid waste disposal, are relatively small. However, dosimetry
uncertainties, including those associated with the conceptual basis to the dose quantities, could be
significant in contributing to regulatory insight and interpretation of overall assessment results.
This would be especially the case where results approach a target or other regulatory criterion.
It could be useful to explicitly consider dosimetry uncertainties in waste management
assessments and to compare those with other uncertainty contributions, so as to guide
prioritization of research efforts to reduce uncertainties. A complicating factor is that revision of
regulations may be slow to follow science based recommendations. Lack of precision in
regulatory guidance as to what quantities should be assessed may also contribute to uncertainties
in assessment results. This precision relates to issues of critical group definition and modelling
assumptions for the environment in which the group resides as well as the associated dosimetry
modelling. Consistency between regulatory philosophy and radiological assessments is to be
encouraged, including the consistent treatment of uncertainties when defining regulatory
requirements and when carrying out each part of the corresponding assessment. Critical group
issues are one of the foci of the current IAEA project, BIOMASS [20].
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