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Abstract

Low level radioactive waste (LLW) can contain non-radioactive as well as radioactive contaminants.
However, very few long-term safety assessments of LLW disposal have included quantitative
evaluation of the environmental impacts of the non-radioactive contaminants in the wastes since it is
commonly assumed that their impacts will be small compared with those of the radioactive
contaminants. To test this assumption, QuantiSci Limited has undertaken two studies for the
European Commission. The first study investigated the application of safety assessment approaches
developed for radioactive contaminants to the assessment of non-radioactive contaminants in LLW.
It demonstrated how disposal limits could be derived for a range of non-radioactive contaminants and
generic disposal facilities. Generic, acceptable disposal levels were calculated for a variety of non-
radioactive contaminants that would allow the presence of the waste streams in the range of disposal
facilities considered. The second study used the same approach but undertook more detailed,
disposal system specific calculations, assessing the impacts of both the non-radioactive and
radioactive contaminants. The more detailed system and waste stream specific calculations generally
implied less restrictive disposal limits for the non-radioactive contaminants. The calculations also
indicated that it is prudent to consider non-radioactive as well as radioactive contaminants when
assessing the impacts of LLW disposal.

1. INTRODUCTION

Both radioactive wastes and non-radioactive hazardous wastes have to be isolated to some degree
from the environment. Quantitative assessments of the effects on humans and the environment of the
disposal of such wastes is a key tool in justifying decisions on the degree of waste isolation required.

Nuclear safety authorities and organisations responsible for radioactive waste management have
developed safety assessment approaches and criteria based on exposure scenarios and risk evaluation.
These methods allow rational decisions to be made on the most suitable disposal route for different
types of radioactive waste. In 1995, QuantiSci Limited completed a contract for DGXI (now known
as DG Environment) of the European Commission (EC) to investigate the application of such
methods and criteria to the assessment of non-radioactive contaminants found in low level radioactive
waste (LLW) streams [1]. The study demonstrated how disposal limits could be derived for a range of
non-radioactive contaminants and disposal facilities consistent with human health and environmental
quality standards. Generic, acceptable disposal levels were calculated for a range of organic and
inorganic non-radioactive contaminants commonly found in LLW streams for selected shallow and
deep disposal facilities. These levels were then compared with concentrations of the corresponding
contaminants in representative waste streams to illustrate how the approach could be used to help
determine appropriate disposal options for these waste streams. It was concluded that whilst many of
the waste streams considered had non-radioactive contaminant concentrations above the
conservatively derived acceptable levels for shallow disposal, more detailed waste and disposal
system specific calculations could be expected to show that most waste streams were likely to be
acceptable for disposal in an appropriately sited and/or engineered shallow facility.
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In light of the above conclusion, a follow up study was undertaken using more detailed waste and
facility specific calculations. This follow up study is documented in [2] and summarised below.

2. APPROACH

The follow up study followed the basic philosophy of the initial study, but the broad simplifications
employed were replaced by more waste and disposal system specific data and more detailed
assessment modelling was undertaken. In addition, the impacts of both radioactive and non-
radioactive contaminants were considered.

The LLW streams considered were taken from those that had been shown to be potentially
problematic in terms of disposal to a shallow facility in the initial study, namely:
• decommissioning steels;
• evaporator concentrates;
• redundant fuel flasks; and
• a large volume operational LLW stream.

Inventories were derived for each LLW stream, for both non-radioactive and radioactive
contaminants, which were adequate to define the waste characteristics required for the post-closure
safety assessment calculations to be undertaken. Inorganic non-radioactive contaminants were
considered for all four waste streams, and potential concentrations of some organic non-radioactive
solvents were included for the operational low level waste stream. In the case of decommissioning
steels, the waste stream was divided into two sub-streams according to whether the radioactivity was
due to surface contamination or activation throughout the volume of the waste.

Consistent with the initial study, four categories of shallow land disposal systems were identified
with increasing levels of containment. Unlike the generic disposal systems considered in the initial
study, the disposal facility, geosphere and biosphere characteristics considered were based on real
sites in the United Kingdom and Italy. However, it should be noted that none of the illustrative
disposal systems have actually received the LLW waste streams identified, and so the assessment
calculations undertaken must be seen as being purely hypothetical.

In order to calculate the impacts of the LLW waste stream contaminants on humans and the
environment, the following assessment end points were considered:
• contaminant concentrations in air, water and soil;
• exposure rates of humans; and
• human cancer risks.

Six scenarios and associated Features, Events and Processes (FEPs) were selected:
• a groundwater scenario;
• a bathtubbing scenario;
• a gas scenario;
• an intruder scenario;
• a site dweller scenario; and
• an erosion scenario.

Conceptual models associated with each of the scenarios and disposal systems were derived. In each
case, the conceptual model identified the contaminant release, transport media and human exposure
mechanisms.

An integrated calculational approach was developed that allowed for system and waste specific
factors to be taken into account for liquid, gaseous and solid releases from the disposal facilities.
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3. RESULTS AND DISCUSSION

The results of the assessment calculations showed that, whilst the disposal of contaminants in one or
more of the LLW streams could give rise to potentially unacceptable impacts for the disposal systems
with lower levels of containment and engineering, disposal to the system with the highest level of
engineering was considered to be generally acceptable due to the higher degree of isolation of the
waste and associated contaminants from humans and the surface environment. This supports the
conclusion drawn from the initial study that more detailed waste and system specific calculations
could be expected to show that concentrations of non-radioactive contaminants in most LLW streams
are likely to be acceptable for disposal in an appropriate shallow facility.

Through the use of an "Exceedance Quotient" approach1, it was possible to compare the impacts of
radioactive and non-radioactive contaminants. The impacts were generally greater for the non-
radioactive inorganic contaminants for the four LLW waste streams considered. This is due to a
number of factors including: the more persistent nature of the non-radioactive inorganic contaminants
resulting in their greater importance for the long-term scenarios assessed (groundwater, bathtubbing
and erosion); the potentially more restrictive nature of the assessment end points for non-radioactive
contaminants which explicitly rather than implicitly consider impacts upon non-human biota and the
wider environment as well as humans; and differences in the treatment of uncertainties in exposure-
human health effects for radioactive and non-radioactive contaminants.

The scenario associated with the highest impact varied depending upon the combination of the
disposal system and waste stream, although the erosion and intruder scenarios most frequently
resulted in exceedances. This highlights the need to consider each disposal system separately and to
consider a range of scenarios rather than limit consideration to a single generic disposal system and
one or two scenarios. The probability of the scenario occurring and the timing of the peak impact
from the scenario should also be considered. In certain cases, implied timescales could extend over
thousands of years. In such cases, the applicability of the calculational approach adopted and results
generated must be carefully reviewed.

The results generally indicated that greater engineering of the disposal facility reduces the impacts of
contaminants on humans and the environment. However, care must be taken to ensure that the degree
of engineering is appropriate, not only for the operational phase of the facility but for the long-term
post-operational phase. Delaying the release of certain contaminants to the surface environment,
through the use of additional engineering measures, can have limited effect on their associated
impacts, especially if these are dominated by long-term scenarios such as the erosion scenario. In
extreme cases, greater isolation might possibly result in slightly greater impacts - this reflects the
"dilute and disperse" versus the "isolate and contain" argument. Thus care must be taken to ensure
that increased isolation does not potentially lead to greater impacts.

The results also showed that the more detailed system and waste stream specific calculations
generally imply less restrictive disposal limits for the non-radioactive contaminants than those
derived from the initial more generic study. Typically the limiting disposal levels derived were
between a factor of two and one hundred less restrictive than those derived previously. This is
because an attempt was made to ensure the conservatively derived shallow disposal levels calculated
in the initial study were levels "below which one could be confident that shallow disposal would not
result in any unacceptable risk". This has shown to be true for vast majority of cases considered,
however there are two exceptions. These resulted from differences between the site-specific systems
considered in [I] and [2]. This highlights the need to use limiting levels derived from the assessment
of generic systems with care, and the need to use site specific levels in preference. This is especially

1 The Exceedance Quotient is calculated by dividing the calculated value of the assessment end point
(e.g. concentration in a medium; human intake; human dose; cancer risk) by the acceptable limit for
the assessment end point (e.g. environmental quality standard; intake level; dose constraint; risk
target). The acceptable limit is exceeded if the Exceedance Quotient is greater than unity.
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the case if the limiting scenario is associated with the leaching of contaminants into groundwater.
Different disposal facilities, geospheres and biospheres can offer radically different degrees of
attenuation and dilution resulting in differing disposal limits based on the groundwater scenario.

4. CONCLUSIONS

If a consistent approach is to be taken to radiological and other contaminant hazards, there is a need
to ensure that for LLW streams the impacts of the non-radioactive, as well as the radioactive
contaminants, are assessed when deciding upon suitable disposal options.

There remains scope for further work on a number of issues in order to facilitate the comparison of
the impacts from radioactive and non-radioactive contaminants. These include reducing the
uncertainties associated with contaminant inventories (especially inventories of non-radioactive
contaminants), and considering the health impacts of radioactive and non-radioactive contaminants
on a more directly comparable basis. Consideration could also be given to the application of the
approach employed in the QuantiSci studies to other radioactive waste streams such as naturally
occurring radioactive material and uranium mill tailings.
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