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RISK ASSESSMENT FOR THE DEVELOPMENT OF THE
EXEMPLIFIED TERRITORIES

The paper explores the risks associated with exempted and liberated territories that were previously used
for certain industrial, commercial, agricultural or other activities. Such territories were captured or used by
military forces during the war and then liberated or abandoned and left unattended, or were disturbed by natural
disasters, man-made accidents, etc. The aim of the article is to analyze the possibility of their further use and
rehabilitation.

The following indicators of risk sources can be identified in such areas: presence of explosive objects; level
of soil and water contamination; presence of chemical, biological or radiation contamination; degree of damage
to infrastructure and building structures; risk of dangerous situations and accidents; impact on the health and
safety of the local population; possibility of spreading infectious diseases; presence of unexploded or uncontrolled
explosive materials; risk of re-invasion by enemy forces; potential environmental damage; and potential
environmental impact. Based on the analysis of these indicators, they were summarized and grouped into six main
risk indicators: demining of territories; efficiency of demining and disposal of remnants of military equipment,
mines, etc.; safety and efficiency of demining and disposal technologies; degree of contamination of the demined
territories after demining and disposal; level of safety assessment of the population living in these territories;
return of vital infrastructure. An expert assessment methodology was applied, which includes an analysis of the
severity of the consequences and the likelihood of their occurrence. The risks were ranked using the method of
pairwise comparisons. The results of the study can be used to develop strategies for the further use and
rehabilitation of the affected areas.

The results of the study indicate the need for systematic monitoring and control of the exempted and
liberated territories in order to prevent possible environmental and socio-economic problems. To ensure
sustainable development and conservation of natural resources, due attention should be paid to the issues of
environmental safety and rehabilitation of these territories. Further research in this area will allow developing
more effective strategies for the use and rehabilitation of exempted areas, taking into account current
environmental and socio-economic challenges.

Keywords: exempted and released territories, risk assessment, method of pairwise comparisons,
sustainable use of territories, environmental safety, sustainable development

Introduction. The growing relevance of the problems associated with brownfields is determined by a
combination of factors, such as increasing urbanization, the shortage of available land, and the need to effectively
utilize and rehabilitate already used areas. Brownfields are land plots that have lost their original functionality due
to exploitation, pollution, or abandonment due to explosions, accidents, wars, and other negative events that have
caused environmental pollution and other forms of damage. In Ukraine, the problem of exempted areas is
becoming increasingly relevant in the context of large-scale military operations, rapid urban development and, in
this regard, the need for rational use of land resources. Risk assessment in the development of areas liberated from
hostilities is important to ensure human safety and restore environmental sustainability of the regions. This analysis
will help to develop effective strategies for rehabilitation and restoration of the areas liberated from hostilities,
taking into account the requirements of sustainable development and conservation of natural resources.

Ukraine currently has 174,000 square kilometers of land potentially contaminated by explosive ordnance,
including the temporarily occupied territories. The World Bank estimates that the possible cost of surveying and
cleaning up these areas is over $37 billion. Given the ongoing hostilities, the final figures for the scope of work
remain uncertain.

The main purpose of demining is the safe removal of mines, explosive materials, remnants of weapons and
explosive devices from certain areas to protect civilians.

Humanitarian demining covers a wide range of activities aimed at eliminating the threats posed by
explosive hazards. These activities include technical surveys, mapping, clearance, marking, post-clearance
documentation, communication with local communities on mine action and handover of the cleared area.
Demining can be carried out by a variety of organizations, such as non-governmental organizations, commercial
companies, national mine action authorities or military units. This process can be carried out both in an emergency
mode and under normal conditions [1-2].
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Humanitarian demining is about more than just removing the danger from mines and other explosive
hazards. It is about enabling people to return to their homes and live in safety, and about rebuilding the economy
and the country as a whole. It is also about ensuring food security in the world. Mine clearance is the first step in
the restoration of our country and an important prerequisite for the return of everyday life on the de-occupied land.
This process includes a number of operations, such as non-technical survey, technical survey, environmental
impact study, medical survey, organization of communications, checking transport routes, cooperation with the
administration and, finally, land return.

Non-technical surveys play a key role in humanitarian demining activities, as it is a process that involves
collecting and analyzing information about a potentially hazardous area. Its main goal is to confirm the existence
of a threat, determine its type and extent, and establish the perimeter of the danger zone without the need for
physical intervention. The main purpose of this process is to provide information about potentially hazardous areas
and confirm their status through thorough inspection and analysis.

After completing the non-technical survey, it is necessary to review the classification of the suspected area
and identify one or more confirmed hazardous areas. If the data from the non-technical survey is confirmed, you
can proceed directly to the registration procedure.

Identify hazardous areas, improve the accuracy of the hazardous area assessment, and eliminate doubts
about the reliability of the hazardous area information.

After completion of the non-technical survey, it may be necessary to clarify the boundaries of the territory,
and if necessary, an estimate of the approximate boundaries should be made.

The information obtained from the non-technical survey is presented in the form of reports, maps with a
differentiated global positioning system (which is a key element of geographic data of hazardous areas), and
marking of all hazardous areas with visual confirmation of the presence of mines.

The main objective of a technical survey is to gather sufficient information to accurately determine the
requirements for future demining operations. This includes aspects such as:

e Prioritizing future demining operations;

e Identification of obstacles such as vegetation, logistics, communications, etc;

e Identification of areas to be cleared during future demining operations;

e Analysis of local soil conditions, including soil type, density and hardness;

e Identification of mine patterns and types, including their location and position;

e Assessment of fragmentation and overall level of metal contamination;

e Sclecting the appropriate means of mine clearance;

e [dentify areas suitable for different demining methods, such as manual or mechanical equipment;

e Estimating the time required to complete future clearance operations.

The purpose of the technical survey is to minimize risk during all activities associated with this procedure.
The technical survey is performed using probes and drones to determine the presence of an explosive hazard and
the size of the hazardous area, if any. Fencing and marking of the hazardous area is intended to reduce the risk of
unintentional entry into the area. Gathering more accurate information about the size of the hazardous area may
lead to a reduction in its initial size by clarifying and identifying accessible routes.

All organizations engaged in demining in accordance with international standards should have medical
capacities that ensure the provision of safe and effective medical care in the event of accidents or incidents, as well
as mechanisms for the repatriation of injured workers.

Before any demining operation begins, an adequate level of medical support and a detailed casualty
evacuation plan must be in place that all team members fully understand and follow. The team should be prepared
to collect casualties and provide basic medical care within the first 5 minutes. Mine action organizations should
ensure adequate communication before and during all operations. No demining action should be initiated unless
effective communication can be maintained between on-site personnel and appropriate support elements.
Communications support should be in place at all stages of operations and include periods of movement between
sites.

There is a variety of demining techniques around the world, such as manual demining, metal detectors,
trained animals, drones, robots and specialized machines. The choice of approach depends on the type and number
of mines, geographical conditions, available resources and technological capabilities.

Manual demining is a traditional method of detecting and removing mines, carried out by specialists who
carefully scan the area for explosive devices.

Machine demining is an effective way of detecting and removing mines over large areas of land, using
special machines that can locate and remove mines.

The use of robotics for demining is becoming increasingly common as it helps reduce the risk to human
life. Different types of robots can be used depending on specific conditions and needs. Drones are becoming
increasingly important in the demining process and can be used to perform a variety of tasks depending on their
equipment and configuration. This helps to reduce the risk to people.

APOPO, an organization based in Belgium, has developed a unique approach to using rats for demining.
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These "sapper rats", known as HeroRATS, have been trained to detect mines and other explosive devices.

The author analyzes the global experience of restoring de-occupied territories. As an example, the war in
Croatia ended in 1995. Over the years, the country has rebuilt its economy and joined NATO and the EU. The
only thing that reminds us of the war is the mine danger. Of the 13,000 square kilometers (23% of the territory)
contaminated by 2 million mines, 3% remain. They will be neutralized by 2026. 30 years after the end of the war.
Thus, the Balkan experience allows Ukraine to assess the scale of future demining.

Purpose and objectives. The purpose of the study is to assess the risks of the demined areas for their full
restoration for further use.

Summary of the main research material. In order to assess possible risks in the de-occupied territories,
it is necessary to establish the main criteria by which the analysis will be carried out. The process of clearing areas
and objects from explosive hazards, which is carried out to ensure the safety of the population, is the main task of
humanitarian demining. This is accompanied by certain processes of clearing landmines, unexploded bombs, and
toxic zones.

The experience of countries with a mine problem shows that 10 years of active hostilities account for 1 year
of demining, and one day of intense hostilities accounts for 30 days of demining. Experts estimate that full
demining of Ukraine could take 10-15 years. The consequences of the use of mines and explosive ordnance can
be classified into four main categories:

e Humanitarian consequences include:

e deaths and injuries that can lead to disability;

® obstacles to access to hospitals, water, food and humanitarian assistance;

e Impeded free movement of people, as well as the return of refugees and internally displaced persons.

e The social and psychological consequences include:

e a sense of fear, despair, depression, and family tensions;

e increased levels of aggression and tension in society.

Economic impacts include:

e destruction of infrastructure and roads, loss of fertile agricultural land

e costs of restoring water and energy supply;

e the burden on the healthcare system due to injuries and increased disability;

e Additional costs for demining;

® losses in tourism, etc.

Environmental impacts include:

e damage to flora and fauna

e Long-term effects, such as changes in regional ecosystems.

As you can see, the contamination of territories with mines and explosive devices negatively affects the
overall development of the country, and this applies to all citizens at risk. Therefore, maintaining security and
reducing contamination of the de-occupied territories is the main task of an effective demining process. Therefore,
the most important and essential indicators that we propose to use to assess the risks of the demined territories are
the following: demining of territories; efficiency of demining and disposal of remnants of military equipment,
mines, etc.; safety and efficiency of demining and disposal technologies; degree of contamination of demined
territories after demining and disposal [5-8]; level of safety assessment of the population living in these territories;
return of vital infrastructure [5-13].

It is proposed to use the Failure Mode and Effects Analysis (FMEA) methodology to assess the risks of the
exclusion zone for their full restoration for further use [3-4]. This methodology is an effective tool for assessing
risks and system safety. It allows identifying technical problems and their consequences in complex systems, as
well as assessing various risks by their nature, severity and time of occurrence.

The main idea behind the methodology is an expert assessment of the problem. Even with a limited amount
of data, experts can effectively assess risks. The risk assessment is performed by ranking using the RPN (Risk
Priority Number), which is calculated as the product of the ranks obtained for the severity of consequences (A),
the probability of detection (B), and the frequency of occurrence of emergencies (E). Risks with the highest RPN
values are eliminated first.

The expert group was asked to consider possible risks in demining the de-occupied territories.

The experts were asked to rank the impacts using pairwise comparisons. A pairwise comparison is a
sequential comparison of each key element with each other: if X is more important than Y, the former is assigned
a score on a scale from 1 to 9, and the latter the opposite value; if X and Y are equal, 1 point is assigned. The
indicators include:

e Demining of territories (x1);

e Efficiency of demining and utilization of remnants of military equipment, mines, etc (X2);

e Safety and effectiveness of demining and disposal technologies (x3);

e The degree of contamination of the exempted territories after demining and utilization (xa4); [5-8]

o The level of safety assessment of the population living in these areas (xs);
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® Return of vital infrastructure (xg).
For each criterion, a matrix of conjugate characteristics was compiled and the value of the priority Py and
the total value of all priorities P were determined.

P =Y x;,k=1n; )

P =Yk Pe i=1,x; 2

here n is the number of independent experts.
The priority value was normalized for each impact using the formula:

Pk_rel = PL/Z Pi- (3)

The expert ranking of priorities was performed in descending order (from 10 to 0), with the highest score
assigned to the most dangerous impact. The results of the expert evaluation of the features by the severity of the
consequences and the probability of non-detection are presented in Tables 1 and 2 with the participation of one
expert. The matrices of conjugate signs by severity of consequences and non-detection, based on the assessments
of all 16 experts, are presented in Tables 3 and 4.

Table 1 Table of ranking by weight of consequences by one expert

Pairwise comparison assessment results

Impacts X1 X2 X3 X4 Xs Xs
X1 1,00 3,00 5,00 8,00 9,00 9,00
X2 0,33 1,00 3,00 5,00 9,00 2,00
X3 0,20 0,33 1,00 5,00 9,00 3,00
X4 0,13 0,20 0,20 1,00 5,00 4,00
Xs 0,11 0,11 0,11 0,20 1,00 7,00
Xs 0,11 0,50 0,33 0,25 0,14 1,00

Table 2 Rating table by non-detection by one expert

Pairwise comparison assessment results

Impacts X1 X2 X3 X4 Xs Xs
X1 1,00 3,00 2,00 4,00 1,00 9,00
X2 0,33 1,00 3,00 4,00 2,00 9,00
X3 0,50 0,33 1,00 3,00 2,00 7,00
Xa 0,25 0,25 0,33 1,00 5,00 3,00
Xs 1,00 0,50 0,50 0,20 1,00 9,00
X 0,11 0,11 0,14 0,33 0,11 1,00

Based on the obtained matrices of conjugate attributes using the FMEA method, the factors are ranked

according to the total RPN criterion (Table 5), the value of which is defined as the product of ranks A, B, E:
RPN =A-B-E. (4)

The RPN risk score indicates the relationship between the factors that lead to danger. Risks with an RPN
significantly higher than the permissible value of 125 are prioritized for elimination. If any of the A, B, or E
indicators are 9 or 10, risk reduction measures should be taken. An RPN value of 40 to 100 is considered a medium
risk, and an RPN of less than 40 is considered a low risk. Correction parameters for risk reduction are developed
in the following order: first, the causes of accidents are eliminated (reduction of parameter E); then the degree of
consequences is reduced (reduction of parameter A); and finally, a high probability of detecting accidents due to
this cause is ensured (reduction of parameter B).

Results of the assessment of expert opinions on RPN:

eDemining of territories (x1) -720;

eEfficiency of demining and disposal of remnants of military equipment, mines, etc. (xz) - 504;

eSafety and efficiency of demining and utilization technologies (x3) - 224;

oThe degree of contamination of the demined areas after demining and utilization (x4) - 210;

oThe level of safety assessment of the population living in these areas (xs) - 180;

eReturn of vital infrastructure (xs) - 60.
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It can be concluded that the most important indicator with a high severity of impact (RPN > 125) is the
demining of territories [9-13]. It should be noted that it is difficult for specialists to assess the degree of
contamination of the contaminated territories in terms of sanitary and epidemic hazards and the degree of danger
to the population living in these territories.

The choice of the direction of restoration and further use of the mined areas should be made taking into
account the minimization of risks associated with demining and humanitarian demining. First of all, this concerns
human safety. To ensure sustainable development and efficient use of natural resources, it is extremely important
to pay due attention to environmental safety and rehabilitation of territories.

Table 5 RPN rating table

Implications A B E RPN
X1 0,29 10 0,30 8 9 720
X2 0,23 9 0,18 7 8 504
X3 0,17 8 0,14 4 7 224
X4 0,16 7 0,15 5 6 210
Xs 0,10 6 0,16 6 5 180
X 0,06 5 0,07 3 4 60

Conclusion. In the work, the risks of the exempted territories were assessed using the Failure Mode and
Effects Analysis methodology for their full restoration for further use. The main indicators of risk sources are
determined: Demining of the territories; Efficiency of demining and disposal of remnants of military equipment,
mines, etc.; Safety and efficiency of demining and disposal technologies; Degree of contamination of the ex-
exploded territories after demining and disposal; Level of safety assessment of the population living in these
territories; Return of vital infrastructure support.

Possible scenarios and their combinations are identified, covering a wide range of risks, such as technical,
environmental, social and economic. Based on the rating of experts' indicators, matrices are formed to assess the
impact of various sources of risk. According to the expert opinions on the Risk Priority Number, it was found that
the indicators with increased severity include: Demining of territories RPN = 720; Efficiency of demining and
disposal of remnants of military equipment, mines, etc. RPN = 504; Safety and effectiveness of demining and
utilization technologies RPN = 224; Degree of contamination of the exempted territories after demining and
utilization RPN = 210. The obtained results will be used to select the optimal direction for the restoration and
further use of the exempted territories.
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«KuiBcbknmii nostitexniyanii incrutyT iMeHi Iropst Cikopcbkoro»

OIIHKA PU3MKIB JJIs1 PO3BUTKY EK3EMIITOBAHUX TEPUTOPIM

B pobomi oocrioscyiomecsi pusuxu, noe’s;3ani 3 eK3eMRmMOSAHUMU MA 36LIbHEHUMU MePUMOPIAMU, KL
paHiule BUKOPUCMOBYBANUCA ONA NEBHUX NPOMUCTIOBUX, KOMEPYIUHUX, CIIbCbKO20CNO0apuux abo iHuUxX
oisinbnocmeu. Taku mepumopii 6yau 3axonieni abo SUKOPUCMOBYBANUC BIUCOKOGUMU CULAMU NI YAC GIUHU |
nomim Oyau 36iibHeHi abo NOKuHymi ma 3anuwieHi 6e3 Haznsdy, abo 6ynu nopyuieHi 6HACTIOOK NPUPOOHUX
Kamacmpog, mexHocenHux asapii mowo. Poboma cmasums 3a memy npoananizyeamu MOMCIUBICINb IXHLOSO
nO0AnbUIO020 BUKOPUCMAKHA ma peabinimayii.

Ha makux mepumopisax modcHa 6udinumu HACMYNHI NOKA3HUKU Odxcepen pPUsuKy 5K HAABHICMb
8UOYXOHebe3neuHux 00 ’e€kmig, pigeHb 3a0pPYOHeHHs IPYHMY md B600HUX pecypcig; HAAGHICMb XIMIUHUX,
bionociunux abo padiayiiHux 3a0pYOHeHb, CMYNiHb NOWKOOJCEHHA I[Hpacmpykmypu ma OyOieenbHUxX
KOHCMPYKYIU, PU3UK NOA6U HeDe3NeyHux cumyayiti ma aeapiil, 6naus Ha 300po8’s ma 6e3neky Micyegozo
HAcCeNeHHA, MONCIUBICIb PO3NOBCIOONCEHHA THPEKYIUHUX 3AX60PI08AHb, HAABHICMb He30epedceHux abo
HEKOHMPONbOBAHUX BUOYXOBUX MaAmMepianie; pusuK 360POMHO20 BMOPSHEHHSA BOPOXCUX CUNL; NOMEHYIUHA
eKoN02IYHa Hebe3neKa HACAIO0K 3a0pYOHen s HABKOIUWHBO20 cepedosuyd. 3 ananizy HageoeHux NoKA3HUKIG ix
6yn0 y3azanvHeHO mMa 32PYNOBAHO 6 WiCMb OCHOBHUX HNOKAHUKIE PUBUKY. PO3MIHY8AHHA MePUmopiil;
eghexmugHicms  PO3MIHYBAHHA mMa YMULi3ayii 3aiuwiKie 6ilicbko8oi mexHiku, MiH ma iH., Oesnexa ma
egexmugHicmy 3aCMOCY8aHHA MEXHON02IN POIMIHYBAHHA MA YMULI3ayii; CMyninb 3a6pYOHEHHs eK3eMNIMOBAHUX
mepumopii nicis po3MIiHY8aHHs MA YMunizayii;, pieeHb OYIHKU Oe3neKu HACENeHHs, AKe NPONCUBAE HA YUX
Mepumopisx;, NOBEPHEHHs JCUMMEBO20 IHPpACMPYKMypHo2o 3abe3nedeHHs. 3acmoco8aHo Memoouxy
eKCnepmHoi OYIHKU, WO BKINUAE 8 cebe aHani3 MANCKOCMI HACHIOKI8 Ma UMOBIPDHOCMI IX BUHUKHEHHS.
Pansicysanns pusuxie nposoounocs 3a 00nomocorr memoody NApHux nopieusauv. Pezymemamu Oocnidocenns
ModCymeb  Oymu  8UKOpUCMAHI 051 pO3pOOKU cmpameziii noOdIbuio20 GUKOPUCMAHHA ma peadirimayii
eK3eMNMOBAHUX MePUMOPI.

Pesynomamu oocnidocenns xazyoms Ha HeOOXIOHICMb CUCMEMAMUYHO20 MOHIMOPUHEY MA KOHMPOIIO 3d
EK3eMNMOBAHUMU MA 3GITbHEHUMU MEPUMOPIAMU 3 MeMOoI0 NONEPEOHCEHHA MONCIUBUX EeKONO2IYHUX ma
COYianbHO-eKOHOMIYHUX npobnem. /s 3abe3neyents cmanoeo po3eumKy ma 30epexicents npupooHUx pecypcie
HeoOXiOHO NPUOLIAMU HANENHCHY VYBA2Y NUMAHHAM eKON02IuHOT be3nexu ma peadirimayii 3a3HayeHux mepumopill.
Tooanvuii 0ocniodncents 6 yboMy HANPAMKY 00360JsIMb PO3POOUMU eexmusHiui cmpamezii GUKOPUCTAHHSL MA
peabinimayii ek3eMnmMo8aHUX MepUmopiil 3 02150y HA CYHYACHI eKON02TUHI Ma COYIANIbHO-eKOHOMIYHI GUKITUKL.

KoarouoBi cnoBa: exzemnmosani ma 36inbHeni mepumopii, oyinka puzuxie, mMemoo napHux NOPIGHsHb,
cmane GUKOPUCMARHS MEPUmMOopIill, eKon0cIiuHA be3neka, cmaiuill po3eumox.
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