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Simulation Of Radionuclide Dispersion Model
Following Routine Releases To Water Body
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Abstract: Under normal operating conditions nuclear facilities have potential release of radioactive substances into water bodies called routine
releases. Radionuclide transfer in the environment is very complex so that simplification is made with a mathematical model approach using the Surface
Water Modeling Systems 10.1 software that resolves hydrodynamic differential equations with the finite element method. Pollutants dispersion is strongly
influenced by advection and diffusion process, which for the river the process of advection becomes more dominant. The goal of this research is to
model the distribution of 137Cs radionuclides in Cisalak River located around Serpong Nuclear Area. 137Cs is the most dominant radionuclide contained in
radioactive effluent discharges. In this research the simulation is divided into two stages, they are the simulation of the hydrodynamic model using the
Resources Management Associates-2 (RMA-2) module to model the flow and continued using RMA-4 to model the distribution of pollutants. The
concentration of 137Cs at the discharges source are the highest, lowest, and average value in the last three years. The results of the research it is
obtained an overview of the 137Cs distribution model along Cisalak river flow whose concentration value is a function of distance and time, besides that
the pollutant concentration is very influential to the characteristics of the river and also the flow discharge, both river and effluent flow discharge.
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1 INTRODUCTION
The multipurpose reactor and supporting laboratory in
Serpong nuclear area have been designed, built, and operated
with considering the safety factors for workers, the society, and
the environment. However, it is unavoidable that a small
amount of radioactive material is released into the
environment. In addition to atmospheric release, nuclear
facilities under normal operating conditions also have the
potential to release radioactive substances into water bodies.
Indicator of successful environmental management related to
these impacts is radionuclide activity do not exceed the limits
value of radioactivity release to water bodies as stipulated in
the regulation of the head of the nuclear energy regulatory
agency number 7 of 2017 concerning the limits value of
environmental radioactivity [1], [2], [3]. Liquid radioactive
effluent has a different definition than liquid radioactive waste.
Liquid effluents contain radioactive substances below the limit
value of radioactivity release into the environment so that they
can be released into water bodies. Whereas liquid radioactive
waste has a radioactive substance content above the limit
value of radioactivity release to the environment, so it must be
processed and managed at the radioactive waste processing
installation [1], [18]. The management of liquid radioactive
effluents is carried out using an integrated waste monitoring
system called PBT pond. PBT pond is a temporary storage
pond that functions as a control for the management of liquid
radioactive effluents produced by each nuclear installation that
is in Serpong nuclear area before being channeled into a
water body that is Cisalak river. The PBT aims to supervise the
disposal of the final stage of liquid radioactive effluent by each
nuclear installation before being channeled into the water
body.

__________________________________
• Environmental Engineering Study Program, Department of Civil
Engineering, University of Indonesia, Depok, Indonesia
• Coresponding Author PH +6221-7863504
E-mail: ssarwanto@eng.ui.ac.id

This is done in accordance with the rules and regulations set
by national nuclear energy agency, nuclear energy regulatory
agency, and the ministry of environment and forestry. There
are several provisions in the process of effluent drainage from
each installation to a temporary storage pond intended to
ensure that the liquid radioactive effluent that is transferred is
an effluent that meets the requirements from the aspect of
radioactivity [2], [3]. Subsequently, samples were taken to the
storage pond, to analyze the measurement of radioactive
content using a gamma spectrometer, calculate the total
activity, and compare the total activity with the discharge limit
as a final verification before the liquid radioactive effluent was
released into the water body. Distribution research to
determine the dynamics of radionuclide activity in the aquatic
environment related to the presence of nuclear power plant
has also been carried out in Belgium. The presence of
radionuclides in the nuclear power plant environment is
analyzed and compared with background levels during
operation and during the decommissioning period [5].
Radionuclides that exist because of human work are referred
to as anthropogenic radionuclides. One of the human activities
that produce radionuclides is routine releases that occur due
to the operation of nuclear facilities. Anthropogenic
radionuclides are divided into two groups, namely conservative
radionuclides and non-conservative (particle reactive)
radionuclides [6]. Conservative radionuclides are defined as
radionuclides which are highly soluble in seawater, so their
distribution in water is strongly influenced by the physical
process of mixing and diffusion. Radionuclides which include
conservative radionuclides include 137Cs, 90Sr, 14C, 129I and 3H.
The higher solubility of radionuclides in water, the
sedimentation process in sediments also requires quite a long
time [7]. For tritium (3H), the exchange between water and
sediment is basically influenced by water flow because it has a
low attractiveness for solid particles [8]. The dominant
radionuclides that are often detected in liquid effluents from
PBT ponds are 65Zn, 60Co, 137Cs and 24Na from nuclear
facilities like multi purpose reactors, laboratory activities, and
waste treatment processes [3]. 137Cs radionuclide is
conservative that is easily soluble in water so that its spread in
water bodies is greatly influenced by the process of advection
and diffusion, so it is important to conduct a research to
facilitate researchers to know the value of 137Cs activity at
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certain distances and times in waters with more efficient times
and cheap costs, so it is necessary to do a modeling or
simulation[9], [10]. The ability of a model to interpret the
mechanism of radionuclide advection and dispersion can be
tested by comparing numerical and analytic solutions [11].
Model selection must be based on discharge, type of water
body (river, estuary, reservoir, large lake or sea), type of
source term (whether under normal operating conditions or
accidents) [12]. Mathematical models can be used as analysis
and simulation tools for various pollution case scenarios. The
disperse model is a collection of mathematical equations that
can describe the relationship between the concentration of
pollutants in a location with emission sources at a certain level
and also the factors that influence disperse and dilution. By
using the model, it can be predicted that the pollution scenario
will occur both in a short span of time and in a long period of
time [13]. The aim of this research is to get a model of the
distribution of 137Cs radionuclides on the release of effluents
into Cisalak river. Modeling the results of the research will
produce information or a overview of the radionuclide
distribution pattern which can be used to predict the
radionuclide distribution pattern on the release of liquid
effluents from the integrated waste monitoring pond (PBT
pond) into Cisalak river.

2 METHODOLOGY
The stages of making hydrodynamic simulations and
radionuclide transport using surface water modeling system
software (SMS) version 10.1 begin by determining the domain
of modeling and meshing, making geometry models, creating
boundary conditions, determining material properties and
control models, and finally using RMA-2 output as simulation
input on RMA-4. RMA-2 analyzes the two dimensional current
patterns and speed with the assumption of average depth,
which uses the following equation [14]:
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Whereas RMA4 is a finite element numeric model for
transportation of water quality, where the concentration
distribution to depth is assumed to be similar. RMA-4 resolves
the advection-diffusion equation as follows [15] :
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activity of release per week using 2016-2018 effluent release
data. The value of the river discharge used is the average
discharge in 2018 of 0.2 m3s-1 , while the effluent discharge is
calculated from the volume of the storage pond with the
estimated time needed to empty the PBT pond. In this
research the time of pond emptying is assumed to be one hour
with a pool volume of 40 m3, so that obtained the discharge
effluent is 0.01 m3s-1. The simulation time is 12 hours with time
steps every 0.1 hour (6 minutes) so 121 steps are needed.
The loading function into the river is continuous spill with finite
duration, with an effluent loading duration of one hour.

3 RESULT AND DISCUSSION
Predicting radioisotope or contaminant levels in the aquatic
environment is important for several reasons. In general, the
purpose of the simulation is to count the number of
contaminants (in Bq for radioisotopes) per unit of biomass of
each species i in a system [16]. In some cases of radionuclide
transfer to the environment, modeling needs to be done to
simplify complex environmental parameters due to incomplete
measurement data [24]. The initial stage of modeling starts
from the initial arrangement of the model made. Things to
consider in RMA-2 modeling are the mesh quality, making
boundary conditions, input of discharge data at the upper
course of the river and tidal data at the lower course of the
river, setting of the material properties, as well as the model
control settings [14]. If all data has been inputted, then do the
model check and continued running. On RMA-2, the material
characteristics consist of eddy viscosity and manning
roughness, whereas in RMA-4, the material characteristics
consist of diffusion coefficient [15]. In this modeling used the
eddy viscosity value of 1200, while the value of the manning
roughness is 0.025, and the diffusion coefficient is 0.01.
Output datas that can be taken on RMA2 are water surface
elevation, velocity, and water depth data based on the area
that we are going to review, where the data will be an input to
the modeling of pollutant transport using RMA-4.
The
distribution of the concentration value of 137Cs with variations
of initial concentration at the source, assuming there is no
transfer to the sediment, as shown in Tables 1,2 and 3. Table 1
shown the concentration value right at the first hour or when
the release ends. The highest concentration is detected at the
distance of 30 m from the source, after that the graph will be
asymstot at a distance of 125 m as table 1 below.
Table 1
Concentration Value At The First Hour After Release

 c
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Where :
h
: water depth
u,v : local speed in Cartesian coordinates x, y
t
: time
C
: pollutant concentration
Dx, Dy
: diffusion coefficient in the x and y directions
k
: attenuation coefficient
σ
: local source
Rc : precipitation or evaporation
In this research, the source of pollutants is 137Cs radionuclides
originating from temporary storage ponds or PBT (integrated
waste monitoring). The 137Cs activity concentration value is
calculated from the maximum, minimum, and average total

Measured distance
from release point
(m)
10
30
75
100
125
150

-3

Initial Concentration (Bq m )
4.88

3

7.24 x10

5.95 x104

1.84x10-5
8.12x10-2
4.10x10-2
9.37x10-3
1.07x10-3
9.68x10-5

2.73x10-2
1.20x102
6.07x101
1.39x10-1
1.58
1.44x10-1

2.24x10-1
9.91x102
4.99x102
1.14x102
1.30x101
1.18

Meanwhile at the third hour or 2 hours after the release ends,
the plot will form a concentration curve at a distance of 100 300 m from the upstream sourcethe and the highest
concentration is at the distance of 185 m as shown in table 2.
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Table 2
Concentration Value At The Third Hour After Release
Initial Concentration (Bq m-3)

Measured
distance from
release point
(m)

4.88

7.24 x103

5.95 x104

100
150
185
250
300
350

4.86x10-4
4.28x10-2
6.92x10-2
2.13x10-2
1.06x10-3
3.13x10-5

7.22x10-1
6.35x101
1.03x102
3.16x101
1.58
4.65x10-2

5.93
5.22x102
8.44x102
2.60x102
1.30x101
3.82x10-1

The concentration at the 8th hour is almost zero which is
shown by the asymptote graph in Figure 1. The graph
approaches the zero value starting from the release point to a
distance of 450 m and reaches the highest value at the end of
the observation point that is at a distance of 550 m. In table
1,2,3 with different initial concentration,
the distributed
concentration of 137Cs will reach the maximum value at the
same distance and it turns out there is no significant difference
distance between the three of them. It is because the half-life
value of 137Cs reaches 30 years so that there is no effect of the
radionuclide decay. It will be different if the radionuclides that
are distributed into the river flow are short-lived, for example
131
I which has a short half-life of 6 days[17]. The concentration
after 8th hour after released as shown in table 3 below.
Table 3
Concentration Value At The Eight Hour After Release
Measured
distance from
release point
(m)

4.88

400
450
475
500
525
550

1.35x10-5
1.54x10-3
6.39x10-3
1.58x10-2
2.96x10-2
4.33x10-2

Initial Concentration (Bq m-3)
7.24 x103
2.00x10-2
2.28
9.48
2.35x101
4.39x101
6.43x101

5.95 x104
1.65x10-1
1.87x101
7.79x101
1.93x102
3.60x102
5.28x102

Under normal conditions for streams and relatively straight
channels, the main mechanism of pollutant dispersion is
differential advection and turbulent diffusion. Due to the
relatively small depth of the water flow, the effect of vertical
turbulent diffusion only occurs at relatively short distances in
downstream of the polluting source resulting in the distribution
of vertical concentrations becoming uniform fastly [15]. In this
study the process of sedimentation is ignored with the
assumption that 137Cs includes conservative radionuclides with
high solubility of radionuclides in water, so that the
sedimentation process also takes a long time. In addition, for
rivers that are not too wide and the flow rate is quite fast,
sedimentation can be neglected because in this case the
advection process has a greater influence [17]. The simulation
results of the distribution of 137Cs in the Cisalak river at
Serpong nuclear area using the RMA-4 module with an initial
concentration of 7.24 x103 Bq m-3 as shown in Figure 1 below.

Figure 1 is a plot of the concentration changes in time at a
certain distance. Based on the picture, it can be seen that
when continuous release is simulated, the amount the particle
that is tracked increases linearly during the calculation until the
release time stops. In the simulation, the release lasted for 1
hour so that it seemed an increase in concentration from the
6th minute to 1 hour. After that the concentration value
decreased linearly, both as a function of distance and as a
function of time. This is because the river conditions are made
so ideal with a similar depth of 0.75 m, the discharge is
considered similar without obstacles of plants or rocks. Of all
the target variables, the maximum pollutant concentration is
most dependent on the characteristics of the river and the
discharge time period [19]. At intervals greater than 8 hours,
the concentration is almost constant. This means that after
reaching an interval of 8 hours, the concentration distribution
are stationary. This stationary value occurs because an
equilibrium has been reached between the distribution by the
diffusion process and the distribution by the advection
process. In figure 2, it can be seen that the distribution of
pollutants in the opposite direction to the direction of the river
flow, the concentration value is smaller than the distribution of
pollutants in the same direction with the flow. It is happens
because the pollutant distribution by the diffusion process
spreads in all directions, while the distribution by the advection
process is strongly influenced by the direction of the flow. In
the opposite direction of the river flow, the direction of
distribution by the diffusion process is the opposite of the
direction of distribution by the advection process. In the same
direction as the direction of river flow, the direction of
distribution by the diffusion process is in the same direction of
distribution by the advection process, so that the direction of
distribution by the two processes is mutually reinforcing [20],
[21]. Figure 2 shows the result of 137Cs model distribution with
contour display.
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5 CONCLUSION

From this research, obtained the distribution model of 137Cs
into Cisalak river near Serpong nuclear area using surface
water modeling system 10.1 software. The 12-hour simulation
results show that the concentration distribution is influenced by
the process of advection and diffusion in the form of flow
discharge from the temporary reservoir (PBT pond) channel
and the flow of the river. The concentration distribution pattern
shows that the distribution of concentration will reach steady
conditions after an equilibrium is reached between the effects
of diffusion and advection. From the calculation of the
distribution of radionuclide activity into water with a depth of
0.75 meters, flow discharge of 0.1 m s-3, flow distance of 10 550 meters with an initial activity of 4.88 - 5.95x104 Bq m3
ranging between 1.84x10-5 - 9.91x102 Bq m3. By requiring time
for 11 hours, the concentration value of 137Cs is able to spread
all the way down to the observation point along 550 m. . In the
release of radionuclide effluent that must be controlled is
effluent flow discharge.
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