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1. Introduction

At present, when solutions are being sought to mitigate the effects of
global warming and climate change, nuclear energy is one of the interesting al-
ternative energy sources in the ecological energy sector, of course assuming it is
used in a safe form.

Proponents consider nuclear energy to be one of the possible solutions to
the looming energy crisis, while its opponents fight against the use of nuclear
energy, because of: fear of radiation, the risks associated with the operation itself
or problems with nuclear waste.

As already indicated, a nuclear power plant and its operations have only
a minimal negative impact on the environment. Nuclear power plants do not emit
any greenhouse gases, so they contribute to reducing emissions. Zhang et al. (2020)
points out that the aim of using nuclear and renewable energy is to reduce green-
house gases and improve the quality of the environment. Soder (2009) argues that
at a time of climate change, dwindling oil supplies and high consumer prices, nu-
clear energy is an essential part of the future energy spectrum. Chen et. al. (2019)
stated that nuclear energy has become a common source of energy for communities
around the world. Despite the relatively small number of global incidents, there is
still potential for a nuclear disaster. The construction of a nuclear power plant has
a great economic benefit in terms of the development of a region, having a positive
impact on employment and therefore on the living standards of the population liv-
ing in the vicinity. Fuentes-Saguar et al. (2017), point out in their work that a pos-
sible decommissioning of a nuclear power plant would have a demonstrably ad-
verse effect on employment and created added value in the region.



Proposal of a Logistics Solution for an Emergency... 157

Over time, however, the impact on the environment and ecology has be-
come the most important criteria. According to Deng et.al. (2018) The develop-
ment of nuclear energy is a key measure for implementing energy saving and
emission reduction strategies worldwide.

One of the chief elements acting on humans is radon, which is found in
building materials, Ali et al. al. (2019) point to the direct effect of radon on human
health and the possibility of cancer when it enters the lungs. Humans are also
commonly exposed to radiation from TVs, watches and, last but not least, X-rays
used in medicine. Pogue et. al. (2018) consider the possible carcinogenic effects
to be one of the disadvantages of X-rays. Furukawa et. al. (2020), in their work,
unequivocally confirmed the negative impact of radiation on human DNA as well
as the mechanisms of its natural regeneration.

Nuclear power plants are a critical part of infrastructure from the perspec-
tive of safety. The failure of a nuclear power plant causes not only economic
losses, but it is a particular threat to the safety of the whole country and signifi-
cantly affects the surrounding environment. Connor et. al. (2020) argue that im-
mediately after a large-scale release of radioactive material into the environment,
it is necessary to quickly determine the spatial distribution of radioactivity.
Mlakar et. al. (2019) point out that nuclear power plants should constantly invest
resources in improving safety and risk management. Persons in the immediate
vicinity of a nuclear power plant are exposed to the greatest risks. Therefore, it is
important to properly create and model situations describing evacuation from the
power plant. Liu et. al. (2012) argue that that emergency evacuation is one of the
most important nuclear accident risk management measures. Evacuation manage-
ment systems contain various complexities that present many challenges for de-
cision makers. Lee et. al. (2019) state that the occurrence of an emergency or
crisis situation usually requires an immediate solution for the protection of the
population.

Failure management includes pre-planned, dedicated activities that ought
to make optimal use of the plant's existing equipment in a normal as well as unusual
manner if the design limits are exceeded. The main objective in the event of a nu-
clear power plant failure is to protect human lives. Shimada et. al. (2018) point out
that the decision to evacuate is crucial, especially for vulnerable populations. The
primary problem that must be solved in the event of an exceptionally undesirable
circumstance in a nuclear power plant is the evacuation of people located in the
power plant building itself. In order to actively react to these emergencies, it is
necessary to develop an emergency rescue plan before an adverse event occurs.
Zong et. al. (2019) hold the opinion that emergency evacuation research has be-
come an important and urgent issue. The evacuation process places high organiza-
tional demands on cooperation among the rescue and security forces. Rehak and
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Folwarczny (2012) and Folwarczny and Pokorny (2006) argue that the rescue pro-
cess requires the cooperation of different actors in a complex environment, so ef-
fective communication is needed to streamline emergency operations. Effective
communication is a prerequisite for timely and therefore successful intervention.
The aim must be predetermined communication with a predetermined range of
communication topics, having a positive effect on the accuracy and speed of ob-
taining information from the communication partner. Gallego et. al. (2017) argue
that the aim of communication is to provide accurate and clear messages that can
serve to reassure the public. Gershon et. al. (2012) state that time is the most valu-
able resource in an emergency. Shorter rescue times could save more lives and re-
duce overall damage. Xie et al. (2020) are of the opinion that accident detection
and rescue response times should be shortened in order to enable victims to receive
the necessary emergency care as soon as possible.

Phark (2018) points out that evacuation performed by recommendation
and leading through natural authority and social contact is most effective. Yang
et. al. (2015) point out that the efficiency of evacuation increases with an increas-
ing number of escorts until the number reaches the optimal level. Murakami et.al.
(2015), Kosco et al. (2019), Trebuna et al. (2019) and Dyntar et al. (2020) state
that it is necessary to adapt the evacuation plan to the specific conditions in order
to increase the success of the evacuation.

Based on the studied literature, the article deals mainly with the time as-
pect of the evacuation of persons located in the nuclear power plant. In this paper,
we model the evacuation from one building in the power plant complex, which
has a nuclear shelter.

2. Theoretical basis, safety assessment at a nuclear facility

The importance of safety is significant in the production of electricity in
a nuclear power plant. It is therefore necessary to address the situation of an emer-
gency caused by the failure of a nuclear installation, and it is important to inform
the public in a timely and thorough manner. Table 1 from Bromova et al. (2013)
offers us an overview of the severity of individual areas affected by an emergency.

The information flow and the procedure for dealing with emergencies
differ based on certain degrees of severity of these events. The internal emer-
gency plan states the classification and assessment of incidents based on their
severity that have an actual or potential impact on the level of nuclear safety.
According to Table 2, which is part of the internal emergency plan of Slovenské
elektrarne (2011) we classify extraordinary events according to their severity
into three degrees.
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Table 2. Characteristics of degrees of classified events based on severity.
Source: Slovenské elektrarne (2011)

A condition in which the performance
9 of safety functions is endangered or impaired.
-
5 . - -
g Alert Safety barriers are compromised or inoperable.
= There is a possible threat of leakage, or the leakage of radioactive
substances has occurred in the facilities of the nuclear facility.
3
5 Emergency A situation in which there is a possibility of leakage or the result
3 on the site of the situation is the leakage of radioactive substances outside
2 of a nuclear facility the structures of the nuclear facility and into adjacent territory.
(gl
3
= A situation in which there is a possibility of a serious leakage
o0 Emergency around - Lo .
B a nuclear facility of radioactive substances or the result of this situation is a serious leakage
B of radioactive substances into the area around a nuclear installation.
o

Since the intended evacuation takes place in groups for calculation, for-
mulas will be used which focus on calculating the evacuation of the stream of
evacuees. Therefore, first of all, it is necessary to calculate the density of the
stream, where we use formula proposed by Folwarczny and Pokorny (2006), de-
fined as:

D, ==L (1)

where:

D, — density of stream [-],

E — number of persons [persons],
f— area per person [m” - person™'],
b — current width [m],

[ — current length [m].

Since we assume that people will move only on horizontal paths without
obstacles, we will use the formula for the calculation:

v =112.D; —380.D; +434.D; — 217 .Dp + 57[mmin"]  (2)

where:
v — speed of movement of persons [m - min™'],
D, — current density [-].
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3. Case study, proposal of an evacuation plan
for the Mochovce Nuclear Power Plant

Evacuation, as one of the basic ways of protecting the population, ensures
the safe movement of persons from the endangered building at the Mochovce
Nuclear Power Plant (Mochovce NPP) to the open area and the possible transfer
of persons by means of transport to the designated evacuation points. The analysis
evaluated the possibilities for the potential arrival times of the external rescue
services with which Mochovce NPP has a contractual agreement.

The proposed evacuation is intended for a building with a capacity of 400
people and at the same time this building has a shelter in case of an emergency.

The case study offers two proposals. Both proposals involve evacuation
in groups; group A consists of 20 people and group B consists of 50 people.

The calculations are adapted to the assumption that only one pair of fire-
fighters will escort the groups. The building from which the evacuation takes
place is defined as follows. The entrance of the building is oriented to the west,
directly feeding onto the road along which the evacuation will take place. Assum-
ing that the building is single-storey, we are working with an area of 700 m*. Due
to this area, a capacity of 400 people was chosen. If each person has an area of
1 m? available, the rest is calculated as non-efficient area (walls etc.). The length
of the road leading from the evacuation building to the assembly point is 70 me-
tres. The width of the road is 7.5 metres (3 metres per lane). The assembly in the
form of the parking lot has dimensions of 50x100 metres. We work with an area
of 5000 m?. It follows that evacuees can gather at this location. Given that both
men and women can move in this building, and we know that the structures of
the bodies of the sexes are different. The calculations be based on the physiolog-
ical structure of the figure of the man as the largest possible alternative. The width
of'a person is measured at shoulder height and for a man this average value is 510
mm. For the front-back dimension, this value is approximately 280 mm. Fig. 1
shows the structure described.

The following variants were considered for the evacuation plan of Mo-
chovce NPP, labelled A and B.

Group A will consist of 20 people. Evacuees will be moved in a formation
consisting of two lines and the number of persons in a row will be 10. For this
reason, the approximate width of the stream of persons will be 1020 mm and the
approximate length of the lines will be 3000 mm. The area per person is a table
value for an adult in moderate clothing, f=0.113 m? per person.

The results of variant A show the total time of evacuation from the given
building to the assembly point in groups of 20 people and accompanied by only one
group of accompanying firefighters; the time taken is expected to be 122 minutes.
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Fig. 1. Drawing of the structures that we need for evacuation. Source: own elaboration

Group B will consist of 50 people. Evacuees will be moved in a formation
of 3 lines, in each of which there will be 16 persons, with the exception of 1 row
that will consist of 17 persons. However, we ignore the data on this last person in
the calculation; due to the number of people in this large group, it is not necessary
to take this data into account. The width of the stream will be 1530 mm and the
length of a row will be approximately 4800 mm. The area per person is a tabular
value for an adult in moderate clothing, f=0.113 m? per person.

The design of Option B results in a total expected evacuation time of
52 minutes from the given building to the assembly point in groups of 50 people
and accompanied by only one group of accompanying firefighters.

In the event of an emergency, Mochovce NPP has the opportunity to call
on the help of external organizations. Due to the fact that the organizations are
not in close proximity to the facility, it is necessary to calculate the approximate
time of arrival after which the organizations could start the activities necessary to
deal with the emergency situation.

When looking for the route, there are two suitable routes in the direction
from the premises of VUJE a.s., Trnava to the premises of Mochovce NPP, which
are marked on the map in Fig. 2. As seen on the map, they vary in length. Travel
time is calculated for both routes, due to the fact that the routes differ in length
and particularly differ in terms of the roads the routes follow. Route A leads along
first-class roads as we can see on the map, therefore the maximum speed is 50 km
-h'. Route B, which is longer, runs on expressways and on the roads of the Eu-
ropean road network, where the maximum permitted speed is 130 km - h”'. It also
includes first class routes, on which the maximum permitted speed is 50 km - h™".
Therefore, in the case of B, the average speed is 90 km - h™".
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The map in Fig. 3 shows two routes from the premises of the fire station
in Levice to the premises of Mochovce NPP. Both of the routes follow first class
roads, where the max. allowed speed 50 km - h™'. With regard to regulations, the
speed for the calculations is set at 45 km - h™.

From the Fire and Rescue Brigade’s station based in Malacky, there are
three potential roads leading to the Mochovce NPP site, as shown in Fig. 4. The
shortest, route A, leads mostly along roads that are part of the European road
network in combination with first class roads. Assuming that the vehicles used in
the intervention will be fire engines or larger, the average speed will be 83 km -
h™! because on expressways and motorways, vehicles weighing more than 3500
kg have a maximum permitted speed of 100 km - h™'. Routes B and C are also
combinations of European network routes and first-class roads, but the average
speeds are different in the calculations due to the varying lengths of the different
types of roads used.
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4. Conclusion

A nuclear power plant is a complex and extensive facility in which spe-
cial emphasis is placed on safety and evacuation procedures. Even during the
design stage of the nuclear power plant, care must be taken to ensure that the
location of the buildings and the nuclear shelter is such that the transfer to the
evacuation assembly point is as efficient as possible.

An important role for government authorities is to anticipate the deploy-
ment of rescue services, so as to ensure, as far as possible, their quick arrival at the
site of an emergency at a nuclear power plant. The proper location of all rescue
services is essential for the safety of the whole area. The construction of such a
system will significantly increase the protection of employees of the Mochovce
NPP, as well as the population living in the area around of the structure in question.

The main motivation for the submitted contribution is therefore the afore-
mentioned rescue of nuclear power plant employees and the surrounding popula-
tion, but also the provision of the maximum possible level of safety for all the
units involved.

The proposal points out how the number and formation of the evacuated
group affects the time of the evacuation. It is logical that the more people we put
in the group, the faster the evacuation will take place. However, the number of
people in the group is determined by the surrounding environment and, last but
not least, by employees’ regular practices. Due to the size of the group, there are
other aspects that need to be monitored, such as the increasing demands on su-
pervision by escorts in a larger group. This supervision is necessary in view of
the strain on the situation associated with the emergency. As we can see from the
results, the fewer people in the group, the longer the evacuation time will be. It is
therefore necessary to model a group size the composition of which will not place
excess demand on the necessary supervision of the group and at the same time
the number of individuals in the group will be maximized.

The evacuation time is not only affected by the number of individuals in
the group but also by the number of trips that firefighters have to take during the
evacuation.

A clear comparison of the evacuation design of variants A and B is shown
in Fig. 5.

As regards calling external rescue services, the most effective help that
arrives at the destination first in our case is the Levice Fire and Rescue Brigade,
which must travel along a route of 20.4 km, taking 29 minutes.
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Route to the
assembly point

Group A

Evacuation Building

Route from the
assembly point
ca. 1 minute

Route to the
assembly point
ca. 5.4 minute

Group B

Evacuation Building

Route from the
assembly point
ca. 1 minute

ca. 5.1 minute

> >

Assembly Point Assembly Point

Description Group A Group B
D, 0.74[] 0.77[1
v 13.7 m. min*! 13.1 m. min’!
X 5.1 min 54 min
Number of groups 20 8
Cycle there 102 minutes 44 minutes
Cycle back 20 minutes 8 minutes
Total cycle of evacuation 122 minutes 52 minutes

Fig. 5. Comparison of proposals A and B for evacuation in Mochovce NPP.
Source: own elaboration

In the case study, we start from the assumption that all examined external
basic components are ready in terms of material and personnel for an emergency
situation at Mochovce NPP.

The optimal way to perform this process as safely as possible in the short-
est possible time could be to set up more groups of accompanying firefighters to
accompany groups with fewer evacuees. However, we would then need a large
number of staff members, which sometimes cannot be provided if we realize that
the numbers of rescue services are limited and dependent on the travel times of
external rescue services, which are also part of the work and depend on their lo-
cation in the region.

The present proposal also points out how the evacuation of people from
the power plant is to take place. The calculations confirmed the strengths as well
as weaknesses of the evacuation removal process from the power plant area.

This knowledge and the suggestions for evacuation can be applied and
adapted to similar structures and situations. At the same time, it is possible to
assume that the travel times of external organizations will be an informational
benefit in the creation of evacuation and rescue plans for the nuclear power plant
and can also serve as a basis for providing technical assistance to units involved
in dealing with emergencies at Mochovce NPP.



168 Olga Végsbova et al.

The submitted paper is a part of the projects “Projects of applied research as
a means for development of new models of education in the study program
of industrial logistics” KEGA 016TUKE-4/2020 and the project “Research and
development of new smart solutions based on the principles of Industry 4.0,
logistics, 3D modelling and simulation for streamlining production
in the mining and building industry” VEGA 1/0317/19.

References

Ali, F.S.A, Mandi, K.H., Jawad, E.A. (2019). Humidity effect on diffusion and length
coefficient of radon in soil and building materials. Energy Procedia, 157, 384-392.

Bromova, E., Vargonc¢ik D., Sovadina, M. (2013). Jadrova energia a energetika [in Slo-
vak]. Simopt, s.r.o., Slovak Republic, 1-72, ISBN: 978-80-87851-06-7.

Chen, X., Frazier, C., Manandhar, R., Han, Z.G., Jia, P. (2019). Inequalities of Nuclear
Risk Communication Within and Beyond the Evacuation Planning Zone. Applied
Spatial Analysis and Policy, 12(3), 587-604.

Connor, D.T., Wood,K., Martin, P.G., Goren, S.,Megson-Smith, D.,Verbelen, Y.,
Chyzhevskyi, 1., Kirieiev, S., Smith, N.T., Richardson, T., Scott, T.B. (2020). Ra-
diological Mapping of Post-Disaster Nuclear Environments Using Fixed-Wing Un-
manned Aerial Systems: A Study ,From Chornobyl. Frontiers in Robotics and Al,
6(149). Article Number: 149.

Dyntar, J., Strachotova, D., Botek, M. (2020). Adjusting direct distance to road for V4
countries. Acta logistica, 7(2), 85-93.

Folwarczny, L., Pokorny, J. (2006). Evakuace osob [in Czech]. Ostrava: SdruZeni
pozarniho a bezpecnostniho inzenyrstvi, 1-120, ISBN 978-80-8663-492-0.

Fuentes-Saguar, P.D., Vega-Cervera, J.A., Cardenete, M.A. (2017). Socio-economic impact
of a nuclear power plant: Almaraz (Spain). Applied economics, 49(47), 4782-4792.

Furukawa, S., Nagamatsu, A., Nenoi, M., Fujimori, A., Kakinuma, S., Katsube, T., Wang,
B., Tsuruoka, C., Shirai, T., Nakamura, A.J., Sakaue-Sawano, A., Miyawaki, A.,
Harada, H., Kobayashi, M., Kobayashi, J., Kunieda, T., Funayama, T., Suzuki, M.,
Miyamoto, T., Hidema, J., Yoshida, Y., Takahashi, A. (2020). Space Radiation Biol-
ogy for "Living in Space". Biomed Research International, Article Number: 4703286.

Gallego, E., Cantone, M.C., Oughton, D.H., Perko, T., Prezelj, 1., Tomkiv, Y. (2017).
Mass media communication of emergency issues and countermeasures in a nuclear
accident: fukushima reporting in european newspapers. Radiation protection dosim-
etry, 173(1-3), 163-169.

Gershon, R.R.M., Magda, L.A., Riley, H.E.M., Sherman, M.F. (2012) The World Trade
Center evacuation study: Factors associated with initiation and length of time for
evacuation. Fire and materials, 36(5-6), 481-500.

Kos¢o, J., Taus, P., Simon, P. (2019). Negative impacts of photovoltaic electric station op-
eration for distribution of electrical energy in Sobrance. Acta Tecnologia, 5(2),23-217.

Lee, J.H., Yilmaz, A., Denning, R., Aldemir, T. (2019). Use of Dynamic Event Trees and
Deep Learning for Real-Time Emergency Planning in Power Plant Operation. Nu-
clear Technology, 205(8), 1035-1042.



Proposal of a Logistics Solution for an Emergency... 169

Liu, J.F., Yuan, W.F. (2012). Emergency Evacuation from a Multi-room Compartment.
Progress in Structure, PTS, 1-4, 166-169.

Mlakar, P., Boznar, M.Z., Grasic, B., Breznik, B. (2019). Integrated system for population
dose calculation and decision making on protection measures in case of an accident
with air emissions in a nuclear power plant. Science of the Total Environment, 666,
786-800.

Murakami, M., Ono, K., Tsubokura, M., Nomura, S., Oikawa, T., Oka, T., Kami, M., Oki,
T. (2015). Was the Risk from Nursing-Home Evacuation after the Fukushima Acci-
dent Higher than the Radiation Risk? Plos One, 10(9), Article Number: e0137906.

Phark, C., Kim, W., Yoon, Y.S., Shin, G., Jung, S. (2018). Prediction of issuance of emer-
gency evacuation orders for chemical accidents using machine learning algorithm.
Journal of Loss Prevention in the Process Industries, 56, 162-169.

Pogue, BW., Wilson, B.C. (2018). Optical and x-ray technology synergies enabling diag-
nostic and therapeutic applications in medicine. Journal of Biomedical Optics,
23(12), Article Number: 121610.

Rehak, D., Folwarczny, L. (2012). Vychodiska technického a organizacniho zebezpeceni
ochrany obyvatelstva [in Czech]. Ostrava: SdruZeni Zarniho a bezpecnostniho
inzenyrstvi, ISBN 978-80-7385-117-0.89.

Shimada, Y., Nomura, S., Ozaki, A., Higuchi, A., Hori, A., Sonoda, Y., Yamamoto, K.,
Yoshida, I., Tsubokura, M. (2018). Balancing the risk of the evacuation and shelter-
ing-in-place options: a survival study following Japan's 2011 Fukushima nuclear in-
cident. BMJ Open, 8(7), Article Number: e021482.

Slovenské elektrarne (2011). Vnutorny havarijny plan 0-PLN/000I [in Slovak]. Interny
dokument Slovenské elektrarne, a.s..

Trebuna, P., Pekarcikova, M., Edl, M. (2019). Digital Value Stream Mapping using the
Tecnomatix plant simulation software. International Journal of Simulation Model-
ling, 18(1), 19-32.

Xie, R.H., Pan, Y., Zhou, T.J., Ye, W. (2020). Smart safety design for fire stairways in
underground space based on the ascending evacuation speed and BMI. Safety Sci-
ence, 125, Article Number: UNSP 104619.

Yang, X., Yang, X., Wang, Q., Kang, Y., Pan, F. (2020). Guide optimization in pedestrian
emergency evacuation. Applied Mathematics and Computation, 365, Article Num-
ber: 124711.

Zhang, J., Leng, R.X., Chen, M.Y ., Tian,X., Zhang, N. (2020). The future role of nuclear
power in the coal dominated power system: The case of Shandong. Journal of
Cleaner Production, 256, Article Number: 120744.

Zong, X.L., Wang, C.Z., Du, J.Y., Jiang, Y.L. (2019). Tree hierarchical directed evacua-
tion network model based on artificial fish swarm algorithm. International Journal
of Modern Physics C, 30(11), Article Number: 1950097.



170 Olga Végsbova et al.

Abstract

This paper examines the evacuation of people in the event of an emergency
caused at a nuclear facility. The study describes the emergency preparedness of the Mo-
chovce Nuclear Power Plant. The paper describes the proposal of the logistics solution
and the implementation of protective and emergency preparation, which is determined by
the internal emergency plan, based on the information flow in the event of an emergency
and the activities of individual emergency response units. The above results indicate that
the fewer people there are in one evacuated group, the longer the evacuation time will be.
However, the reason is not the length of time to get to the assembly point itself, but the
number of groups that must be created and therefore the higher number of trips that fire-
fighters have to take. The optimal way to carry out this process safely, in the shortest
possible time, could be to set up more groups of escorting firefighters, who would accom-
pany groups with smaller numbers of evacuees. Strict preparation and adherence to pre-
prepared instructions, based on logistical principles in the event of an emergency at a nu-
clear facility, minimizes loss of life and harm to the health of persons, and also damage
to property or the environment.
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environmental protection, nuclear power plant, emergency, logistics, evacuation
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