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Abstract

A preliminary and generic safety assessment of a candidate shallow land burial (SLB) repository at
Serpong site, Indonesia, has been performed. The step-by-step safety assessment methodology
included an analysis of features, events, and processes (FEPs), and mathematical modelling of
radionuclide migration in the near field, geosphere and biosphere. On the basis of an extensive FEP
catalogue the most relevant scenarios to be considered in the consequence analysis were selected.
Both the normal evolution scenario (NES) and the alternative scenarios were identified. On the basis
of these scenarios a conceptual model that included all the important physical-chemical processes was
built for the near field and geosphere. A two-dimensional numerical model was then used to solve the
governing flow and transport equations for appropriate initial and boundary conditions. The
calculations were performed using a repository-specific value for the total disposed activity in
combination with hypothetical values for radionuclide composition based on a typical radionuclide
content of low level waste in Belgium. Site-specific data on hydrogeological properties were used for
the geosphere calculations. Typical results of the consequence analysis in terms of radionuclide fluxes
to the geosphere and radionuclide concentrations in the groundwater are discussed.

1. INTRODUCTION

The objective of this paper is to illustrate a comprehensive site-specific safety assessment
methodology for a hypothetical low level radioactive waste repository, based on a real geological
setting, i.e. the Serpong Nuclear Center, West Java, Indonesia.

2. ANALYSIS AND SELECTION OF FEATURES, EVENTS, AND PROCESSES

The first step in the identification of scenarios for a hypothetical site is to provide a catalogue
of events, features, and processes that are likely to occur in a radioactive waste disposal. By means of
this FEP catalogue, all scenarios that might lead to exposure of man to radionuclides present in the
waste are identified. The scenario identification procedure applied here is based on the one used by
SCK-CEN for its scenario identification considering a candidate repository located in Boom Clay at
Mol [1]. When this procedure was applied to an existing FEP catalogue [2], about 50 FEPs were
found to be relevant for Serpong site. Among those 50 FEPs, 27 were considered for the normal
evolution scenario, the majority being related o near and far field processes including geochemical
and hydrological phenomena.
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3. FORMULATION OF THE CONCEPTUAL MODEL

The basic conceptual model for Serpong site is shown in Figures 1 and 2. The site is located
approximately 30 km south of Jakarta. The ground surface is almost 90 m above mean sea level. At
the distance of 200 m to the south-south east (SSE) a small river exists (Cisalak creek). In the valley at
a distance of 800 m to the south-south west (SSW), the Cisadane River is considered to drain the
catchment to which the Serpong site belongs. The plateau at the left of the groundwater divide is a
recharge zone, whereas the river valley is a discharge zone. The bottom of the lowest layer is
considered impermeable. The topography causes the water table to vary considerably between west
and east boundary. Depending upon the drainage basin topography and the basin shape geometry,
groundwater flow systems may have local, intermediate and regional components.

The geological stratification of Serpong site was investigated on a number of boreholes, notably
the boreholes BOO, B02, B06 and B08 as shown in Figure 2. The multi-layered geological model was
simplified to a three layer conceptual model. This simplification was done on the basis of hydraulic
conductivity measurements within each of the three layers. The unsaturated top layer (layer I in
Figure 2) is composed of lateritic clay with an average hydraulic conductivity around 10'7 m/s. Its
thickness is approximately 9 m. Layer II is composed of sandy sediments, including sandy tuff and
tuffaccous sand. The maximum thickness of this layer is 11 m, with a mean hydraulic conductivity of
10'6 m/s. The third layer (layer III in Figure 2) is composed of clay and marl clay sediments. On the
basis of a single borehole the thickness was estimated to be 30 m. Its hydraulic conductivity ranges
from 10"6 to 10-7 m/s.

4. SAFETY CALCULATIONS

The safety calculations were carried out using the finite volumes computer code PORFLOW
[3]. In this preliminary safety assessment we investigated the behaviour of nine radionuclides that are
expected to be present in the low level waste. The characteristics of these radionuclides in terms of
decay and sorption are sufficiently different such that the analysis is fairly representative for a safety
assessment study where a full inventory would need to be addressed. Considering a realistic
downward water flux of 10"10 m/s throughout the concrete vault and the conditioned waste zone,
transport of radionuclides by advection and dispersion to the bottom of the repository was calculated.
The highest fluxes were observed for II-3, Ni-59 and Cs-135, all about 104 Bq/m2/a. Intermediate
fluxes were obtained for Co-60, Nb-94,1-129, and Cs-137. Lowest fluxes were observed for C-14 and
Ni-63 (around 10"4 and 10"5 Bq/m2/a). We also investigated the effect on the radionuclide fluxes by
having an unsaturated soil of 1 m depth below the bottom of the repository. Such soil layer provides
an additional retardation of the radionuclide migration towards the groundwater owing to the sorption
capacity of the lateritic clay soil. At the depth of 1 m below the bottom of the repository, highest
fluxes were due to Ni-59 and Cs-135 (approximately 103 Bq/m2/a). The fluxes owing to H-3 had
decreased to 10'9 Bq/m2/a, which is the result of radioactive decay. Radionuclides that were not
sorbed onto the lateric clay soil (i.e., C-14 and 1-129) did not decrease in flux when an additional one
meter of soil was considered. The fluxes of all other radionuclides had significantly decreased
compared to the ones calculated at the bottom of the repository. This indicates that the unsaturated
soil may play an important role in retarding and dispersing particular radionuclides when migrating
towards the groundwater.

The groundwater modelling for Serpong site showed that if layer II has a five times higher
hydraulic conductivity compared to layer III, only local flow systems exist. In other words, the
groundwater flow direction is from the water divide at the right boundary to the Cisalak creek. The
local groundwater system typically exhibits short travel distances and a limited dilution. Transport
simulations with a two-dimensional advection-dispersion model showed that it takes approximately 10
years to travel a distance of 200 m (i.e., from the proposed repository site to the Cisalak creek). For
non-retarded radionuclides this distance is sufficient to reduce the initial radionuclide concentration in
the groundwater by a factor of 10.
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5. CONCLUSIONS

Conceptual model building and subsequent numerical modelling benefit from a comprehensive
analysis of FEPs. In this respect the role of a detailed FEP catalogue is indispensable. Results for the
near field calculations showed that radionuclides that are non-retarded or mildly retarded by the
concrete barriers exhibit considerable fluxes at the bottom of the repository. However, if a sufficiently
thick unsaturated zone with important sorption capacities is present beneath the repository, fluxes for
short- and intermediate-living radionuclides will drop significantly. Because groundwater flow can
contribute significantly to radionuclide dispersion and dilution, sufficient attention should be paid
towards a proper site characterization in terms of hydrogeology and hydrochemistry. Such
information, together with mathematical modelling, is of paramount importance in the selection of
sites.
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Figure I. Hypothetical location of a potential LLW near-surface repository at Serpong site. (Inset shows
dimensions of engineered barriers surrounding the waste drums)
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Figure 2. Geological stratification and boundary conditions of the three-layer conceptual model. Arrows
indicate simulated directions of groundwater flow.
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