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Abstract

The increasing of national energy consumption urged the government to settle into renewable energy immediately (EBT) in order
to fulfill national energy consumption, especially electrical energy. One of the options to fulfill the national electrical energy
needed is by building a nuclear power plant (NPP). But, as one of the countries that located in Seismic Zone region of Southeast
Asia, Indonesia has the most seismic activity in the world. Reviewing of Indonesia's geographical conditions that are vulnerable
to earthquake and tsunami, it is necessary to make special design for nuclear power plant building. Ball in Bowl is the concept of
nuclear power plant builing, with the wind flow modification system, it is useful to minimize the spread of radioactive
substances released when a nuclear leak and also serves as the reactor protection system to the impacts caused by the earthquake
and tsunami.
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Nomenclature

A2 low economic growth but high population growth scenario
B2 mid economic and population growth scenario

CcoO, carbon dioxide

GIS geographic information system

IPCC intergovernmental panel on climate change

WEAP water evaluation and planning software

1. Introduction

Energy is one of the power of the nation, the requirement for energy will ensure economic growth, resilience and
independence of a nation. An increasing number of the population, living standards and economic impact on a
country’s are growing energy needs [1].
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According to the Law No. 17 of 2007 and Presidential Decree of 2010 on National Long-Term Development Plan
2010-2014, to contribute to the national electric energy generation and to support the national energy supply as well
as considering the limited supply of fossil energy, one of the option that should be considered for fulfill electrical
energy needs in Indonesia is by employing nuclear energy[2].

The system of radiation protection is given to prevent and mitigate the negative impact of radioactive substances.
In the construction of nuclear power plants, radiation protection system should be prepared study materials that must
be prepare carefully. The International Atomic Energy Agency (IAEA) has made the standard of radiation protection
that should be in all the nuclear power plants in the world [3].

The operation of nuclear power plants are expected to give advantage and also safe for the workers and
community. Due to nuclear power plant design should be prepared and planed appropriately. The operation of
nuclear power plants is expected to run safe for workers, the environment and society. Planning in safety and
radiation protection issues should be inherent in every stage of the planning of nuclear power plants, ranging from
planning and construction to operations and decommissioning. All this is done with the goal of keeping nuclear
power plants can operate safely and under control and provide maximum benefit to the nation and state of Indonesia
[4].

Located in Seismic Zone region of Southeast Asia, Indonesia is the country has seismic activity and most active
in the world. Surrounded by the Indo-Australian Plate and the Philippine Sea plate beneath the Eurasian plate paved,
with five large islands and several peninsula, thousands of earthquakes and hundreds of tsunamis have been
occurred in Indonesia over the last four hundred years [5].

Reviewing on Indonesia's geographical conditions that are vulnerable to earthquake and tsunami, it is necessary
to design a special nuclear power plant construction program. It is intended as a precaution of leakage of the nuclear
reactors, particularly for the case that caused by the earthquake and tsunami disaster.

2. Methodology

This concept was written from the analysis of nuclear leak case study and combined with a logical solution based
study of literature. The purpose of this concept was to provide an alternative solution for the design of nuclear
power plants, especially in Indonesia because Indonesia is a region that has a high potential for earthquake and
tsunami.

3. Results and discussion
3.1. Definition

Ball in Bowl is a basin-shaped design resembles a bowl (bowl) on the surface of the soil with a nuclear reactor
which is generally spherical (ball), located in the central part. This design was arranged in purpose of radiation
protection devices can work effectively. Ball in Bowl design has two types of mechanisms for the protection of the

reactor and spread radioactive leaks, which Wind Direction Modification and Earthquake-Tsunami Protection
System. The concept of nuclear power plant with Ball in Bowl design was shown in Figure 1.
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Radioactive detector and
Nuclear reactor | Automatic Dust Inhibitor Sprayer

Fig. 1. The concept of nuclear power plant with Ball in Bowl design.

3.2. Wind direction modification

Direction and speed of wind and air stability affects the distribution pattern and Time Integrated concentration
(TIC) of radioactive effluent [6]. Through wind flow modification system, it was useful to minimize the spread of
radioactive substances released when the nuclear power plant reactor leaks. It was designed and be able to modify
the flow of the wind around the reactor in order to prevent the wind meets a radioactive substance that can directly
make increasingly wide spread of radioactive. This mechanism was shown in Figure 2.

A concave shape of the building also causes the wind flow will go down in the event of a nuclear leak. This is
because when a leak occurs, the air around the reactor gets hotter than the air above it, so the air will move from top
to bottom. This principle is similar as in valley and mountain breezes. Downward air flow would make dust inhibitor
work effectively. This mechanism was elucidated in Figure 3.
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Fig. 2. Modification of wind direction scheme.
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Fig. 3. Wind direction when nuclear leaks occur.
3.3. Physical protection against earthquake and tsunami

In terms to anticipated the damage that caused by the earthquake, the construction of earthquake-resistant
buildings, design of nuclear power plants in Bowl Ball has a concrete basin system on the ground was used. The
design expected will spread tremor and effectively reduce the impact of the damage caused during the earthquake.
To avoid cracks and fractures on the ground floor, it can be used multiple seismic bearing system. Earthquake
protection mechanism was shown in Figure 4.

Eartquake vibration
(tremor)

mulptiple seismic
bearing system

Fig. 4. Earthquake protection mechanism.
Levee system in this design is not only useful to modify the direction of the wind but also protects the NPP if hit

by the tsunami. Embankment blocking function is to prevent tsunami damage the nuclear power reactors and
facilities. Tsunami protection mechanism was elucidated in Figure 5.
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Fig. 5. Tsunami protection mechanism.

4. Conclusion

Ball in Bowl design is the combination of the existing protection methods with the idea of anticipating the
nuclear leak and spread of radioactive. Ball in Bowl design has two types of mechanisms for the protection of the
reactor and spread radioactive leaks, which Wind Direction Modification and Earthquake-Tsunami Protection
System.

Based on a literature review and analysis, the concept of a nuclear reactor with Ball in Bowl design can be
implemented and could potentially be the latest concepts of nuclear power plants. With the construction of nuclear
power plant with Ball in Bowl design, it will be available of nuclear power plants which are not only able to fulfill
national electricity needs, but also has a high protection system in case of a radiation leak caused by the earthquake
and tsunami.
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