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Abstract. Nuclear energy is a good option for the environment, but the potential for NPP to harm the
environment is still evident. Safety is used by NPP to protect its environment. Low environmental risk was
demonstrated, but the last two accidents resulted in disaster. Environmental protection parties need to
participate in reducing environmental hazards of NPP by knowing why NPP is harmful and how to
compensate. The perspective of protecting the environment is needed. An exploratory study of NPP's
environmental protection was conducted to obtain answers. Publications from institutions engaged in NPP
and expert opinions are sources of information. The results obtained indicate that there is optimism on the
success of confining fission products, but very little control has been done on the quantity. No environmental
protection is carried out when accidents occur, so environmental goods and services are sacrificed. Human
protection is the focus. References to environmental radiological protection are still limited to animal and
plant species and have not touched environmental goods and services. This allows for an imbalance between
the potential radiological load of the NPP and the environmental capacity. It is necessary to develop the idea
that NPP is not significantly dangerous in an accident.

1 Introduction environmental protection and safety principles 79
articles, NPP and accidents and environmental
Nuclear energy is the type of energy that is needed today protection and safety and emergency principles 23
because it is low-carbon and conservative in natural articles [4]. The last topic relates to how nuclear power
resources. But this superior characteristic does not plants protect their environment in the event of an
improve its contribution to the energy mix of Indonesia accident, but mostly relates to human protection and the
and the world. Many factors determine the acceptance relationship between NPPs and earthquake events.
of nuclear energy, one of which is the ability of a nuclear An exploratory study of the publications of
power plant (NPP) to protect the environment. The institutions engaged in nuclear power plants and expert
adverse environmental impacts caused by the accident opinion was carried out in order to understand NPP
of the Fukushima Daiichi NPP in Japan (2011) and the technology in  protecting the  environment.
Chernobyl NPP in Ukraine (1986) [1, 2] are Environmental protection opinion is expected to be the
technological failure events that should not be forgotten result of this study.

so that it does not happen again [3]. The concept and
technological implementation of NPPs in protecting the
environment is important in this regard. Improvements
are needed to make nuclear power plants capable to
protect the environment in the future, so that the use of
nuclear energy can increase.

The environmental perspective needs to take into
account the environmental protection methodology
applied to NPP technology. This makes environmental
protection parties need to understand the methodology
applied so far. Thinking about how NPP technology
protects the environment is still lacking. This can be
seen from the research articles produced between
January 1955 to June 2021. The topics of nuclear power
plants are 33,430 articles, nuclear power plants and
accidents 9,151 articles, nuclear power plants and
accidents and environmental protection (not waste)
1,224 articles, nuclear power plants and accidents and

2 Nuclear power plant (NPP)

NPP works like steam power plants. NPP fuel is nuclear
fissile uranium 235 (**3U) which is called nuclear fuel,
and fission is its combustion reaction. Some nuclear fuel
containing 23U is fed into the reactor vessel and forms
the reactor core. Each 2*°U fission reaction generates
200 MeV of heat (3.2.10"'1 watt-second per fission) [5],
so to produce 1 MWe of electricity, 9.3.10'
fission/second is required (33.3% thermal-electric
efficiency). Nuclear fuel is designed to be able to
provide a certain amount of heat energy called burn up.
The values generally range from 7 to 50 gigawatt days
per tonne of nuclear fuel (GWd/tHM). This makes
nuclear fuel in the reactor for a long period of time (> 1
year) before being removed from the reactor as spent
fuel [6]. This characteristic indicates the presence of a
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very large excess of 2**U nuclei in the reactor at all
times.

The heat balance between fission heat generation
and extraction is formed in the nuclear power plant
reactor. A heat removal system is provided to take the
fission heat generated in the nuclear fuel. The heat taken
is used to generate steam for turning the electric turbine.
This system is also called a nuclear fuel cooling system
because it will lower or maintain the temperature of the
nuclear fuel. The heat balance is designed to be balanced
because the imbalance can heat the nuclear fuel
excessively [5].

The fission reaction of 2**U produces fission
fragments in addition to generating fission heat. The
fission fragments are unstable, therefore they decay to
form other atomic nuclei by emitting beta and gamma
radiation which ionize biological cells. The combination
of fission fragment radionuclides and their decay
products is called a fission product. The fission products
are in nuclear fuel. The fission product radionuclides
can be grouped into inert (noble gases: Xe, Kr), volatile
(halogens, alkali metals, tellurium groups) and non-
volatile (alkali earths, noble metals, rare earths and
refractory oxides) groups [5]. Another group that can be
added is radionuclides that emit neutrons in their decay
(neutron precursors) [7]. All nuclear fuel in the reactor
forms a core, then all of its fission products form the
radioactive activity of the reactor core or core inventory.
The inventory value of large NPP cores (> 500 MWe)
can reach hundreds of EBq (10'® Bq) [5]. The greater the
NPP's power generation capacity, the greater the
inventory.

All fission products are contained in nuclear fuel.
This confinement is a standard function provided to
restrain its movement. The existence of this function
makes NPP have a basic function of operation and
safety, namely controlling the generation of fission heat,
taking heat (cooling biofuels) and confining fission
products [8].

Commercial NPP uses certain types of nuclear
reactors that can be distinguished from the energy of the
neutrons to trigger fission reactions, moderators, heat
removal (nuclear fuel coolant) and steam generation
methods [9]. Fission reactions in nuclear power reactors
can occur with thermal neutrons (low energy) or fast
neutrons (high energy), so there are known thermal
reactors and fast reactors. Thermal reactors require a
moderator to lower the energy of the neutrons. The
material used is H,O, D,O or graphite. Heat can be taken
up by water or gas (CO,). Steam generation can take
place inside the reactor by boiling, but it can take place
in a steam generating device outside the reactor. The
second method of taking heat requires that the heat
removing fluid does not experience boiling, therefore
high pressure is applied. The combination of these
parameters produces different nuclear reactors for NPP.
A summary of the types of commercial nuclear reactors
is shown in Figure 1.

The description of NPP technology shows three
important characteristics. The NPP has a 2*U nucleus
which is larger than its instantaneous requirement. This
excess is the potential for heat generation to be faster
and larger than it should be (nuclear excursions).

Second, nuclear power plants have fission products with
high radioactive activity. Third, NPP has a heat balance
that must be maintained in balance in order to maintain
the integrity of nuclear fuel as a containment for fission
products. Nuclear power plants have the basic safety
function of controlling fission heat generation,
removing heat (cooling nuclear fuel) and confining
fission products.
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Fig.1. Types of NPP reactors (modification of [9]).

3 Hazards of NPP

NPP technology was developed to obtain abundant
clean energy [10], but it is accompanied by danger to
life. Long before fission reactions were discovered, the
dangers of ionizing radiation were known [11].
Furthermore, the experience of the atomic bomb
explosion destroying life through the extremely fast
fission reaction of 2*>U and 23°Pu, is seen as a danger
from the use of nuclear energy. This view is evident in
the statement Alvin Weinberg, a nuclear physicist, told
the Special Committee on Atomic Energy, United States
Congress in late 1945, "atomic power can heal and kill,
can fertilize and enrich an area and destroy it, can
broaden human horizons and forced him back into the
cave [12]. The experience of operating a research power
reactor has strengthened awareness of the dangers of
NPP. In 1952 there was a nuclear excursion accident at
the NRX research reactor in Canada. The excess of 25U
nucleus in the reactor underwent an improper fission
reaction (nuclear excursion) due to failure to control the
fission reaction. This failure resulted in a heat balance
disturbance which increased the nuclear fuel
temperature significantly. Excessive heat accumulation
results in the melting of nuclear fuel and the release of
fission products [13]. This incident raises awareness that
accidents at nuclear reactors cannot be ruled out so that
more confinement is needed than nuclear fuel alone.
Strong and tight structure confining reactor vessel and
cooling systems are recommended [8].

Two views on how to start NPP evolved during the
development of the technology. The first view directly
realizes the NPP with the belief that there is always a
solution to the problems that arise. The second view
chooses to solve problems first before realizing the NPP.
This view found a solution to the problem of nuclear
excursions. This settlement managed to tame the
wildness of the nuclear reactor. [14]. The first view gave
birth to the world's first NPP in 1954 in Obninsk, Russia.
The second view gave birth to NPPs a little slower. The
two views are united on the economic aspect. Both argue
that the larger the capacity of a nuclear power plant, the
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lower the cost of production, so that it can compete with
fossil energy prices [14].

Events that occurred in the pre-NPP period show that
NPP is dangerous because it contains a large number of
fission products whose radiation is harmful to humans,
has the potential to damage nuclear fuel so that it
releases fission products into the environment
(accidents), and tends to prioritize energy production
rather than limiting its fission product content.

4 Safety of NPP

The operation of a NPP is considered to be in an
operational state or an accident based on the control,
hazards and potential accidents. Operational conditions
include normal operation and deviations. This deviation
is calculated not to cause significant equipment damage
to the safety equipment. Accident circumstances include
design base accidents and design extension conditions.
A design basis accident is a postulated event for which
anticipation and compensation have been provided. The
escape of fission products that occur is considered to be
within acceptable limits. as the basis for the design of
NPPs. Design extension conditions are postulated
events that do not form the basis of the design and are
still considered in the design process and the release of
the fission product is kept within acceptable limits. This
condition can be without significant nuclear fuel
damage or with melting of the reactor core [15]. The
summary of NPP status is shown in Figure 2.

Operational states Accident conditions

Design extension

conditions
X Anticipated Desien basis
Normal operation operational esign basis
occurrences accidents WIFhOlll )
significant | With core
fuel melting
degradation

Fig. 2. States of NPP [15].

NPP technology was developed to anticipate the
dangers and potential accidents. The existence of danger
in the NPP gave birth to international safety standards.
Its fundamental safety goal is “to protect people and the
environment from the harmful effects of ionizing
radiation.” [16]. Fundamental safety objectives guide
the attainment of the highest safety possible through the
prevention of accidents with hazardous consequences
caused by loss of control over the reactor core (heat of
fission and decay), ensuring that the radiological
consequences of all accidents are below the relevant
limits that are reasonably achievable, and ensuring that
the probability of an accident with serious radiological
consequences is very low [17].

The main way to prevent accidents and reduce their
consequences when they occur is developed through the
principle of defense in depth. Five layers of defense that
are independent of each other make up this principle.
The first defense is aimed at preventing deviations from
normal operation and the failure of items critical to

safety. The second defense aims to detect and control
deviations from normal operating conditions to prevent
anticipated operational events at the plant from
escalating into accidental conditions. The third defense
aims to keep the state of development within the design
base accident so that compensation is available. The
fourth defense aims to reduce the consequences of
accidents resulting from the failure of the third level of
defense. The fifth level of defense aims to reduce the
radiological consequences of potentially accidental
radioactive releases. On-site and off-site emergency
response plans, procedures and facilities are used for
this purpose. This concept is applied to all activities
related to safety at the design, organizational,
supervisory and behavioral levels [17].

The implementation of the defense in depth principle
is always assessed in a deterministic and probabilistic
manner [8]. Deterministic assessment produces safety
criteria as a result of causality. Probabilistic assessment
is used to deal with the random nature of accidents with
both internal and external causes. The principle of
defense in depth is the standard approach to NPP safety
[17]. This principle has grown and developed since 1956
[18]. A number of changes have occurred after the NPP
accident [8, 18]. The NPP safety framework is within
the scope of international standards consisting of
fundamental safety objectives and principles, general
and specific requirements and safety guidelines [16].

5 Protection and safety

The protection of the public and the environment from
the harmful effects of ionizing radiation is largely
influenced by the safety characteristics and
recommendations of the International Commission on
Radiological Protection (ICRP).

5.1 Public protection

NPP hazard management to protect the public and the
environment is carried out through the concept of
“protection and safety”. This concept is defined as “the
protection of people against exposure to ionizing
radiation or exposure due to radioactive materials and
the safety of the source, including the means to achieve
this, and the means to prevent accidents and to reduce
the consequences of accidents if they occur” [15].
Protection is defined as protection of persons from
exposure to ionizing radiation, whereas safety is defined
as control of radiation sources (fission products) [15]. If
protection and safety is seen as a way, then this method
includes ways to achieve it, prevent accidents and
reduce the consequences of accidents if they occur. The
word accident in the description is defined as “any
undesired event, including operating errors, equipment
failure and other accidents, the consequences or
potential consequences of which cannot be ignored from
a protection and safety point of view” [15]. If the
meaning of control is used, then protection (radiation)
means controlling radiation exposure and its effects,
while safety means maintaining control over the source
(radiation). The word source in this case includes
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nuclear installations in addition to functions for other
radioactive materials, where nuclear reactors are
included in nuclear installations [15].

Safety is primarily concerned with maintaining
control over radiation sources (fission products),
whereas protection (radiation) is primarily concerned
with controlling radiation exposure and its effects.
Obviously the two are closely related: radiation
protection (or radiological protection) is much simpler
when the source in question is under control, so safety
must contribute to protection [15].

5.2 Environmental protection

The environment is seen as an entity that does not
include humans. Environment as “the conditions in
which humans, animals and plants live or develop and
which sustain all life and development; especially
conditions such as those affected by human activities.”
[15]. Environmental protection has its own definition,
namely “protection and conservation: non-human
species, both animal and plant, and their biological
diversity; environmental goods and services such as
food and feed production; resources used in agriculture,
forestry, fisheries and tourism; facilities used in
spiritual, cultural and recreational activities; media such
as soil, water and air; and natural processes such as the
carbon, nitrogen and water cycles.” [15].

Protection of the environment is now contained in
the ICRP recommendations recently. The purpose of
environmental protection is to prevent or reduce the
frequency of harmful radiation effects on biota, species
conservation; or the health and status of natural habitats,
communities, and  ecosystems.  Environmental
protection in the sense of preventing pollution of
environmental media (soil, water, sediment, and air)
which are environmental resources of value to humans
or protecting nature has not yet become the center of
attention. Environmental media is seen as a pathway for
radiation exposure in humans and biota [19].

6 NPP accident and environmental
impact

NPP's nearly seven decades of operation suffered three
serious accidents that released fission products into the
environment. The last accident occurred at NPP
Fukushima Daiichi units 1 (460 MWe), 2 (784 MWe)
and 3 (784 MWe) in 2011. The accident occurred when
the three NPP units were turned off. The shutdown of
nuclear reactors automatically takes place immediately
after an earthquake on the east coast of Japan [1]. This
accident resulted in radioactive contamination of the
terrestrial, aquatic and oceanic environments. The total
contaminated area reaches thousands of square
kilometers, but for the oceans it is difficult to determine.
No fatalities occurred, but the evacuation of large
numbers of residents and the partial relocation of some
did occur [20]. The collapse of environmental goods and
services occurs in contaminated areas. This indicates the
escape of radioactive fission products that occur exceeds
the acceptable limit. Huge costs arise for the sake of

population emergencies and environmental restoration,
but it still leaves an area of land that cannot be re-used
[21]. Natural events in the form of tsunami waves are
designated as the cause of external accidents [1].

Questions about the ability of NPP technology to
protect the environment emerged and intensified after
the accident. The Japan Nuclear Safety Institute invites
all parties to think deeply about safety practices in the
form of compliance that have been implemented so far
[22]. The NPP utility recognizes weaknesses in the
applied safety culture, which weakens the application of
the defense in depth principle [23]. The findings of the
Fukushima NPP weaknesses and suggestions for
improvement are all in the realm of layered defense [24,
25]. Improvements to international safety standards and
global safety regimes took place after the accident under
the coordination of the IAEA [26].

More severe environmental impacts occurred after
the NPP Chernobyl unit 4 in Ukraine had an accident in
1986. The accident occurred during a test run of the
emergency power supply system [27, 28]. Fission
products with 14 EBq activity released to the
environment of a number of countries. Land and air
contamination of more than 200,000 km? occurred. The
evacuation of hundreds of thousands of residents in the
contaminated area is underway. Some of them had to
relocate their residences [29]. Environmental restoration
is not easy to do because it requires a very large cost.
The large land area is calculated not to be taken
advantage of until hundreds of years into the future [30].
International assistance is needed to restore the
environment [31]. The results of the investigation
showed that there were weaknesses in all aspects related
to safety, including the application of the principle of
defense in depth [28].

The Chernobyl accident gave birth to a global
nuclear safety regime. Previous safety practices were
national. Each country that develops nuclear power
technology uses their own safety standards [32].

The NPP accident that released radioactive fission
products happened before Chernobyl. The accident
occurred at Three Mile Island NPP unit 2 in the United
States in 1979. The escape of fission products resulted
in mild environmental radioactive contamination.
Imperfections in nuclear power plant design and lack of
operator knowledge were identified as the causes of
accidents [33, 34]. Light environmental impact was
assessed as the effectiveness of the layered defense
principle [35].

All three NPP accidents show the release of
radioactive fission products of more than acceptable
activity limits can occur. The public and the
environment are victims of these accidents [36]. The
cause of the accident is evolving. Its development has
involved unpredictable natural events. The application
of the principle of defense in depth to deal with the
causes of accidents that are not easily predictable
reduces its effectiveness. The content of fission products
in nuclear power plants is not a safety parameter.
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7 Discussion

Fission products are a hazard to NPP for the public and
the environment. The greater the NPP power generation
capacity, the greater the content of fission products. The
high content of radioactive fission products as a public
and environmental hazard tends not to be a controlled
safety variable, even though the greater the activity, the
greater the decay heat. The nuclear fuel damage in the
Three Mile Island unit 2 and Fukushima Daiichi
accidents was caused by the decay heat that radiates
when cooling fails.

The release of fission products into the environment
from nuclear power plants is determined by the
effectiveness of their containment. The containment
layer of fission products in the form of nuclear fuel,
reactor vessel and cooling system, as well as the
containment structure of the reactor vessel and cooling
system was not effective enough in the Fukushima
Daiichi nuclear power plant accident. The heat and high
pressure generated when some of the nuclear fuel melts
is able to penetrate the enclosure provided. This shows
that the NPP has a self-destructive power that exceeds
the provided compensation power.

Accident prevention through defenses 1, 2 and 3 is
potentially ineffective when the trigger or cause of the
accident is not well known. This can be seen in the
Fukushima Daiichi accident. Insufficient compensation
for tsunami waves provided. The TMI and Chernobyl
accidents occurred due to internal causes, while the
Fukushina Daiichi accidents were caused or triggered by
external factors (natural events). How capable NPP
managers are in recognizing internal and external
factors that could lead to accidents is a never ending
question.

NPP technology is designed, built and operated with
the intention of protecting people and the environment
through accident prevention, reducing the consequences
of fission product released from accidents that occur,
and reducing the radiological consequences of fission
product escape in the environment. Two things can be
seen from the protection procedures. Objects that are
considered important to be protected are humans and
non-human living objects (biota, animals, plants).
Environmental media such as soil, water and air are not
objects of protection, but are seen as a pathway for
exposure to living things. Contamination that occurs in
soil, water and air as a result of the Fukushima Daiichi
and Chernobyl accidents can clearly disrupt people's
lives and destroy environmental services in the long
term. If viewed from the perspective of the path of
radiation exposure to living things, its existence can last
a very long time and become a long-term radiological
latent hazard as well. An environmental protection focus
that does not include the protection of environmental
goods and services may mean allowing environmental
violence to occur.

8 Conclusion

NPP technology has recognized the radiological
hazards to humans and non-human species as well as
environmental goods and services.

Efforts to protect hazard recipients have been carried
out through accident prevention, mitigating the
escape of fission products and mitigating the
radiological consequences of escapes, but still
requires the participation of external parties to do so.
Nuclear power plant technology has the potential to
be called a technology that commits environmental
violence because it does not make efforts to save the
environment from the collapse of the value of its
goods and services for life.

Efforts to protect by regulating the content of fission
products or power generation capacity in such a way
as to limit the release of fission products due to
accidents need to be carried out. The idea of
designing a nuclear power plant technology based on
an acceptable fission product released needs to be
ensured for its implementation.
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