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Abstract:

Introduction/purpose: The consequences of the NATO aggression on the
Republic of Serbia (then part of FR Yugoslavia) in 1999 are still being
considered, especially from the aspect of the use of illicit means such as
cluster and graphite bombs, depleted uranium ammunition (DUA), etc.
There is no doubt that the use of depleted uranium, as a type of weapon
of mass destruction (radiological weapon) is mostly in the focus of public
interest. The amount of DUA used and the consequences of its use have
not yet been fully proven (even after 20 years), but it can be said with
certainty that it has caused certain side effects. The units of the Yugoslav
Army at that time were mostly the target of this type of ammunition and
certainly suffered the greatest consequences. However, DUA also
targeted infrastructure facilities, base stations, television transmitters, and
agricultural land.

Methods: Special scientific methods (mainly analysis and synthesis
methods) and empirical methods (content analysis method and
observation method) were used in the paper.

Results: The consequences of the effect of DUA on people, material
goods, and environmental degradation are considered as well as the
directions of further work in this area.

Conclusion: The paper presents the results of the radiological
reconnaissance and radiological decontamination of the contaminated
DUA areas, which were carried out by ABH service units (then ABHO)
with the help of other branches and services of the Serbian Army, as well
as the institutions of the Republic of Serbia (INS ,Vin¢a“, MMA, eftc.).

Key words: uranium, depleted uranium ammunition, ABH service,
reconnaissance, decontamination.
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Introduction

Uranium-238 (*8U or U-238) is the most common uranium isotope
that can be found in nature (about 99.3% of the mass of natural uranium
is uranium-238). Unlike uranium-235, it is not subject to fission, which
means that it cannot sustain a chain reaction. However, it is flexible for
fast neutrons and fertile, which means that it can be converted into
fission plutonium-239. The half-life of this element is 1.41 X 1017
seconds (4.468 X 109 years, i.e. ~ 4.5 billion years). Due to its
distribution in nature and half-life in relation to other radioactive elements,
uranium-238 produces ~ 40% of the radioactive heat produced inside the
Earth. (Arevalo et al, 2009, pp.361-369)

Depleted uranium is a toxic by-product of the natural uranium
enrichment process and is highly hazardous radioactive waste. It was
stored until the beginning of the seventies of the last century, after which
it began to be used for the production of projectile penetrators. This is the
main reason for the public attention this type of weapon has gained in the
last thirty years, starting from its first official use in 1991 in Iraq, and then
through the Republic of Srpska (RS/BiH), the Republic of Serbia, Libya
and others countries. It is certainly necessary to state that this type of
radiological weapon indiscriminately, inhumanely and insidiously causes
consequences for both the winners and the losers. (Rajkovi¢, 2001,
pp.167-182)

The harmful effects of depleted uranium have been known to a
narrow circle of experts in the United States for a very long time. It is
estimated that in the United States alone, close to 900,000 people were
exposed to the harmful effects of depleted uranium between 1945 and
1995 (uranium miners, their families, laboratory workers in Los Alamos
and Oak Ridge, residents of the regions around nuclear power plants,
residents of the Marshall Islands, members of the U.S. military, etc.).

During the NATO aggression on FR Yugoslavia, thousands of
depleted uranium projectiles were fired from A-10 Thunderbolt Il aircraft
targeting army units as well as certain facilities.

According to NATO data, this ammunition was fired at: 84 locations
on the territory of Kosovo and Metohija (KiM), 10 locations on the territory
of the Republic of Serbia and 1 location on the territory of the Republic of
Montenegro with a total of 112 DUA strikes. Data from the then Yugoslav
Army (YA) show: 85 locations on the territory of Kosovo and Metohija, 4
locations on the territory of the Republic of Serbia and 1 location on the
territory of the Republic of Montenegro with a total of 99 DUA strikes.
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From the above we can conclude that there are different data on the
use of DUA in the area of the Republic of Serbia, but certainly the data of
the YA (now the Serbian Army) must be taken as valid, because they
were verified in the field (by conducting radiological surveys of the
affected areas).

Immediately after DUA strikes and after a certain period of time,
army units (mainly ABH services) performed radiological (R)
reconnaissance of the contaminated areas. After reviewing the
consequences, preparations were made for the subsequent elimination
of the consequences of the application of DUA with a focus on
radiological decontamination.

The paper aims to show the way of realization of these tasks, the
problems that the Army units encountered, but also to highlight the
successes that have been achieved in the remediation of the areas
contaminated with DUA. The Serbian Army (YA, AS, and MN) is the first
to completely remediate the consequences of the use of DUA in the
world, especially in the segment of radiological decontamination. (Indi¢ &
Filipovi¢, 2018, pp.259-281)

Basic characteristics of depleted uranium

As already mentioned, uranium (U, lat. Uranium) is a chemical
element from the group A actinoids of group Il B. Among the elements
that occur naturally on Earth, it has the largest atomic number a (92) and
it is weakly radioactive. Natural uranium occurs in the form of 3 isotopes:
238 (99.284%), 2*°U (0.711%) and slightly 2*U (0.0058%). The isotope
235U undergoes spontaneous nuclear separation under the influence of
thermal neutrons. The isotope #*®U receives neutrons, as a result of
which it is converted into ***Pu (plutonium). Also, the artificial isotope ?**U
separates the nucleus, and is obtained by bombarding #*’torium with
neutrons. (Meija et al, 2016, pp.265-291)

Uranium is a relatively soft, silvery-light metal of high density. It
occurs in three allotropic modifications, Table 1 (Binder, 1999, pp.674-
682).

Powdered uranium is self-igniting. Most acids dissolve uranium in a
metallic form, while bases do not "attack" it. On exposure to air, a layer of
oxide is formed on the surface of uranium metal, which protects it from
further oxidation. (Brauer, 1975, p.1195)

Uranium builds a whole series of compounds in which it can be in
states from +2 to +6. The color of the uranium complex, as a rule,
strongly depends on the oxidation number, but also on the ligand in the
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environment. The following combinations of color and oxidation state
most often occur in aqueous solutions, as well as in solid compounds:
U* (purple), U** (green), UYO," (pink), and UY'0,?* (yellow). (Holleman et
al, 2007)

Table 1 - Modifications of uranium at atmospheric pressure
Tabnuuya 1 - Modugukayuu ypaHa rpu ammocghepHom dasrieHuu
Tabena 1 — Moducgpukayuje ypaHujyma npu ammocghepcKkoM rnpumucky

Phase Stable Crystal system
temperature range
G- uranium to the 688 °C ozthorhomblc (a=285.4 pm, b=586.9 pm,
¢c=495.6 pm)
B- uranium between 688 °C and tetragonal (a=1075.9 pm,
776 °C c=565.6 pm)
Y- uranium above 776 °C cubic (a=352.5 pm)

Uranium is present in the form of chemical compounds in the
amount of 2.4 ppm in the nature. It can be found in rocks, water, plants,
animals, and even in the human body. It also occurs in larger quantities
in minerals, the most important of which are:

* uranium U3Og and

° K2(U02)2(VO4)2 ° 2H20

Uranium is an extremely toxic element, very similar to mercury and
arsenic. The degree of toxicity depends on the chemical composition and
solubility of the compound it forms. Toxicity depends, among other
things, on their solubility. Easily soluble salts of uranium are the most
toxic, while sparingly soluble oxides are less toxic. Uranium is
teratogenic, i.e. causes deformities and / or damage to the fetus in the
womb. The most toxic are compounds in which uranium is hexavalent.
Uranium is at the same time a radioactive element, so that it has a
harmful effect on the organism by alpha-gamma emission.

Humans can be contaminated with uranium during all phases of
exploitation, processing and use in several ways:

* by inhalation (via the respiratory system),

* ingestion (via food and water, through the digestive system), and

« through the skin, both healthy and damaged (wound) or diseased.

Regardless of the route of contamination, the ingested uranium

binds to proteins, bicarbonates and erythrocyte membranes (red blood
cells) in the blood. Only an hour later, 95% of the matured uranium

233

Indi¢, D., Remediation of the areas contaminated by depleted uranium ammunition, pp.230-252



’E‘ VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2021, Vol. 69, Issue 1

disappears from the blood, out of which over 50% is excreted through the
kidneys and urinary tract. The remaining uranium is deposited in the
body. As we can see, the most important way to eliminate uranium from
the body is through the kidneys and urinary tract.

Depleted uranium concentrations can be determined by several
methods:

1. gamma spectrometric method,

2. alpha spectrometry,

3. alpha radiometry,

4. atomic absorption spectrometry, with a flame detector, and

5. neutron activation analysis using gamma spectrometry.

All methods except the gamma spectrometric analysis require a very
complicated sample preparation or are very expensive. The gamma
spectrometric analysis enables a very simple sample preparation which
requires only its homogenization. This method can be used to analyze all
types of samples: soil, vegetation, water, air, food, and urine. The
sensitivity of the method is 80 pug. (Puri¢ & Popovi¢, 2000, pp.50-52)

If an increased degree of radioactive contamination (above 0.5
uGy/h) has been determined in a certain area, the area should be
marked with a contaminated soil marking kit (CSM kit) or hand tools and
samples should be taken for analysis. Samples are taken from the place
where the greatest contamination was determined and from the place of
the outer borders of the marked contaminated area, i.e. from 3 to 5
places. All samples should weigh about 1.5 kg. Sampling is realized as
follows:

1. Soil - it is necessary to take two samples, individual masses of
about 1.5 kg:

Sample I: the surface layer of vegetation or soil with an area of 1 m?.

Sample II: another sample of the soil layer is taken from the same
surface to a depth of 2 cm. (Serbian Armed Forces - General Staff, 2000,
pp.14-15)

2. Water - it is necessary to take 40 | of previously turbid water.

3. Air sample is taken by special devices (e.g. chemical detectors),
through a cellulose-asbestos filter (the sample is the filter itself). The
aerosol sample is taken as soon as possible and as close as possible to
the place of explosion, and it can be taken later in the period of up to 2
weeks from the moment of strike.

4. Food sample of plant and animal origin is taken in the amount of
about 1.5kg, taking into account the volume.
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5. Urine - the exposed person collects a 24-hour urine sample in a
special container.

6. Parts of the projectile - due to the large specific weight of the
material from which the projectile was made and the required geometry
of measurement, it is necessary to take several smaller pieces, with a
total weight of about 1.5 kg.

All samples should be:

- packed in PVC bags or containers (which have been checked for
contamination),

- closed and marked well (date and place of the sampling, date of
strike, quantity, who took the sample, etc.), and

- submitted to the competent institution for analysis, with the
necessary supporting documentation which is adequately completed.

The main application of uranium is the use of its *°U isotopes as a
material for the production of nuclear bombs, nuclear reactors in nuclear
power plants, as well as for the launch of submarines.

Other applications of uranium:

* used for painting ceramics, but no longer used due to its radiation;

« 28 is converted to plutonium in atomic reactors;

* uranium metal is used as a shield in X-ray generators due to its
large atomic mass;

* also used in photography and chemical analyses.

Natural uranium has three isotopes (***U (0.006%), **U (0.71%),
and 2*8U (99.28%)) but only ?°U (as a natural nuclear fuel) is important
for nuclear energy, while its content does not fall below 0.2-0.3 %. When
this happens, it is called depleted uranium ?**U (depleted as a nuclear
fuel, but not harmless from the aspect of protecting the human
population). It occurs most often:

* as a by-product of the process of enrichment of natural uranium for
the needs of nuclear reactors and nuclear weapons (**U) and

* when extracting plutonium from the spent fuel of nuclear reactors.

Due to its characteristics of action: high mechanical (penetrating)
effect, high temperature when hitting an object (pyrogenic effect), and
consequences on people (radiological effect), depleted uranium began to
be used by the NATO alliance in almost all armed conflicts after 1990
(Iraq, Republic of Srpska (Bosnia & Herzegovina), Republic of Serbia,
Libya, Somalia, Haiti, etc.).
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The following calibers of this type of ammunition are most often used
for military purposes (Figure 1):

* 25 mm (BVP M2A2 and M3A3 Bradley - 85 g),

* 30 mm (aircraft A-10 Thunderbolt I - 298 g),

* 105 mm (tank Abrams M1, Leopard - from 2200 to 3700 g), 120
mm (tank Abrams M1A2, Leclerc, Challenger - 5 kg). (Serbian Armed
Forces - General Staff, 2000, pp.25)

I

Figure 1 — Means for the application of DUA: A-10 Thunderbolt Il aircraft and tank

Abrams M1A2
PucyHok 1 — Cpedcmea 0ns npumeHeHuss 6OY: aguayus A-10 Thunderbolt Il u maHk
Abrams M1A2
Cnuka 1 - Cpedcmea 3a npumeHy MOY: easdyxonnos A-10 Thunderbolt Il u meHk
Abrams M1A2

Certainly, the biggest problem for people when coming into contact
with this type of illicit weapon (in addition to inhaling uranium oxide) is the
delayed effect of DUA, and the consequences can be felt even after a
few years.

Reconnaissance of the areas contaminated with

depleted uranium ammunition

In the introduction, it was mentioned that the territory of the Republic
of Serbia (without AP KiM) was targeted with DUA at 4 locations, namely:
Pljackovica (near Vranje), Borovac (near Bujanovac), Bratoselce, and
Reljan (near PreSevo), Figure 2. (Indi¢, 2018, p.143)
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Figure 2 — Areas contaminated with depleted uranium ammunition in the area of
R. Serbia (without AP Kosovo and Metohija) during the 1999 NATO aggression
PucyHok 2 — _ 30HbI, nopaxeHHble 6oernpunacamu ¢ 06e0HeHHbIM ypaHOM & palioHe
P. Cepbus (6e3 AK Kocoso u Memoxusi) o spemsi azpeccuu HATO e 1999 a.
Cnuka 2 — PejoHu KoHmMaMuHuUpaHu MyHUUUjoM ca ocupoMalieHuM ypaHujyMoM Ha
nodpyyjy P. Cpbuje (6e3 Al KuM) mokom HATO aepecuje 1999. eoduHe

Units of the ABHO (then the Yugoslav Army) performed a
radiological survey of the mentioned areas and marked the contaminated
ground for the purpose of later remediation of the consequences. On that
occasion, the following was established at the above locations:
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« Location 1 - "Pljagkovica", contaminated area: about 2500 m?,
radioactivity: from 5500 to 235000 Bq / kg (Figure 3),

* Location 2 - "Borovac", contaminated area: approx 1500 m?,
radioactivity: over 250 Bq / kg (Figure 4),

+ Location 3 - "Bratoselce", contaminated area: about 5500 m?
radioactivity: from 1800 to 23400 Bq / kg (Figure 5), and

* Location 4 - "Reljan", contaminated area: about 6800 m?,
radioactivity: over 200 Bq / kg (Figure 6).

Figure 3 — Location 1 "Pljackovica"
PucyHok 3 — Jlokayus 1 «lnsykosuya»
Cnuka 3 — Jlokayuja 1 — [lbaykosuya”

Figure 4 — Location 2 "Borovac”
PucyHok 4 — Jlokayus 2 «boposay»
Cnuka 4 — Jlokayuja 2 — ,boposay,”
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Figure 5 — Location 3 "Bratoselce"
PucyHok 5 — Jlokayusi 3 «bpamocenue»
Cnuka 5 — Jlokayuja 3 — ,,bpamocenue”

Figure 6 — Location 4 "Reljan"
PucyHok 6 — JTokayus 4 «PensiH»
Cnuka 6 — Jlokauuja — 4 ,PerbaH”

The radiological reconnaissance was performed in accordance with
the then valid rules and instructions of the ABHO units, and after the
experiences gained on that occasion, the appropriate tactical actions of
the ABHO units were changed and a new Instruction was issued.

For the radiological reconnaissance (R reconnaissance) of a location
of DUA strikes, a group (reconnaissance body) is formed, consisting
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generally of: radiological reconnaissance scout and group commander at
the same time; chemical reconnaissance scout; explosive technician;
physician, and reconnaissance vehicle driver. The equipment for R
reconnaissance includes calibrated detectors of the type of radioactive
contamination meter (RCM M-87), detector from the radiometric
laboratory M2 (KOMO-TM), and general purpose radioactive radiation
detector (GPRRD) or radiological detector (RD-M3). The detector probe
window (KOMO-TM, RD-M3) must be open. RCM and GPRRD detectors
must be protected by a plastic bag secured with an adhesive tape
(rubber band). (Serbian Armed Forces - General Staff, 2014, pp.48-50)

For chemical reconnaissance (X reconnaissance), manual and semi-
automatic chemical detectors should be provided, which in addition to
formation detectors must also have indicator tubes (IT) for qualitative
detection and quantitative determination of toxic gases produced as a
product of explosives combustion (CO,, CO, NOx, HCN).

A shovel, a sampling set (KUM-1), plastic bags or sacks, metal
containers with lids (so that they can hold a minimum of 1.5 kg of
samples) and labels for marking samples are carried for sampling. A set
of vehicle decontamination equipment (VDE) or a group decontamination
device (GDD), and personal decontamination equipment (PDE M-3) are
carried in case decontamination is needed. It is important to note that the
physician must have medical supplies to provide for first aid for injuries
from explosives and toxic chemicals (TC).

After receiving the order and preparing the equipment, the
reconnaissance body puts the protective equipment in the preparatory
mode and starts the reconnaissance. During the movement to the area of
DUA action, the natural background of gamma radiation is occasionally
controlled (from the vehicle). (Indi¢, 2018, pp.141-144)

Upon arrival in the wider area of operation, the radiological
reconnaissance scout turns on the KOMO-TM, while keeping the RCM
M-87 in a pouch on a belt placed over the protective suit, and the
chemical reconnaissance scout turns on the semi-automatic chemical
detector (SACD) with a formation IT and prepares a hand-held chemical
detector with a specific IT. About 300 m from the DUA strike site, the
vehicle stops. Upon exiting the vehicle, the scouts put protective
equipment in a protective position. The scout for R reconnaissance, at a
distance of 10m from the vehicle, controls the natural background of
gamma radiation and the degree of soil contamination. The control is
repeated in several places around the crater of the explosion, i.e. the
place of DUA strike (in each place, 3 measurements are carried out and
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the mean value is taken), Figures 7 and 8. (Serbian Armed Forces -
General Staff, 2014, pp.48-50)

Figure 7 — Radiological reconnaissance of the place of DUA strike
PucyHok 7 — UsobpaxeHue paduonoaudeckol pa3gedku yd4acmku 6OY
Cnuka 7 — lNpuka3 paduonowkoe ussufara Mmecma dejcmea MOY

Figure 8 — Measurement of the radioactive contamination of DUA samples on the ground
PucyHok 8 — UamepeHue paduoakmugHoz20 3azpsisHeHus1 obpa3uyos 5OY Ha noyse
Cnuka 8 — Mepere paduoakmusHe KOHmamuHauuje y3opaka MOY Ha 3emrbuwmy

During R reconnaissance, special attention must be paid to the
altitude and the location where the measurements are performed,
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because the natural background of radioactive radiation can be 5 to 10
times higher than the average value for the territory of R. Serbia, which is
about 0.1 uGy/h. After that, the degree of contamination is measured
with the radiological device KOMO-TM (or RD-M3) with an open probe
(the scout lowers the cable with the probe next to the foot, taking care not
to touch the grass and other plants).

If there is a significant deviation from the typical natural background
(deviation values greater than 0.5 uGy / h), from that point the scout for X
reconnaissance takes soil samples as follows:

« first, the layer of vegetation is removed from the surface of 1 m?
with an ax and thus the first sample is formed;

» another sample is taken from the same surface by removing soil
about 2 cm deep.

The mass of each sample must be up to 1.5 kg, and soil samples
are taken from the place where the greatest contamination was
determined (3 to 5 places). Air sampling is taken with a special device
(chemical detector) and filtering through a cellulose-asbestos filter with a
minimum of 100 m* of air. The area in which the increased degree of
radioactive contamination was determined is marked with a set of CSM.
The value of radiation taken as the limit of the contamination area is 0.5
uGy/h. (Serbian Armed Forces - General Staff, 2014, pp.48-50)

The scout for X reconnaissance controls the presence of TC with the
help of SACD, and determines a possible presence and concentration of
other toxic substances with a hand-held chemical detector (Figure 9).

Figure 9 — Method of detection of toxic chemicals
PucyHok 9 — Memod o0bHapyxeHUs1 MOKCUYHbIX XUMUKamoe
Cnuka 9 — HaquH demekyuje ompo8HUX XeMUJCKUX CyrncmaHuyu
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After the R and H reconnaissance of the areas contaminated with
DUA, it was possible to eliminate the consequences with a focus on
radiological decontamination.

Two important facts must be stated here:

« first, during the R and X reconnaissance, the DUA effects on the
flora and fauna in the contaminated areas were not considered, which is
of exceptional importance from the aspect of complete protection
(humans, flora and fauna, as well as the environment), and

+ second, several years passed from the moment of the
reconnaissance of the areas contaminated with DUA to the moment of
the remediation or radiological decontamination of the area (3 to 8
years).

Decontamination of the areas contaminated with
depleted uranium ammunition

Starting in 2001, with the adoption of the then unique algorithm of
work on decontamination of areas contaminated with depleted uranium
ammunition, the remediation work began as follows:

» Cape "Arza" in R. Montenegro, remediated in 2001 and 2002,

* location "Bratoselce", remediated in 2002 and 2003,

* location "Pljackovica", remediated in 2004,

« two locations in the area of "Borovac", remediated in 2005, and

* location "Reljan", remediated in 2006 and 2007.

The manner in which the remediation i.e. decontamination of the
areas contaminated with DUA was performed will be shown on the
example of the "Bratoselce" area. The Proposal of CGS YA to the
President of the State and the Prime Minister of the Republic of Serbia
for the permanent solution of the remediation of contaminated areas (at
the beginning of 2002) preceded the creation of the Contaminated Soil
Remediation Project at the "Bratoselce" location and its submission to
the then Federal Government for adoption.

After the adoption of the project, the realization started with the
participation of units and institutions of the then AS and MN and
members of the Institute of Nuclear Sciences "Vinca" (INS "Vinca"). The
project was managed by an expert team: three members from AS and
MN and three members from the INS "Vinca". The engagement in the
implementation of this activity was as follows:

* ABHO SA Management (project implementation management);

* ABHO SA units (performing R decontamination);
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* INS “Vinga” (professional assistance and participation in R
decontamination);

* MMA (medical supervision and examination of personnel);

* Engineering units (communication and R decontamination
assistance);

« other AS and MN units (security and logistics).

The dosimetric control of the contaminated area began in mid-
September 2002 with the aim of:

« finding depleted uranium ammunition,

* removal of DUA and contaminated soil and their disposal in the
special facilities of INS "Vinc¢a",

* removal of fences and danger signs and return of land to its
original purpose.

The efficiency of detection and decontamination was influenced by
the following factors:

» knowledge of microlocation (traces of strikes after three years were
not noticeable);

* soil characteristics - increased concentration of natural uranium
and geological composition made it difficult to detect and decontaminate
(projectiles were detected at depths of 50 to 100 cm);

» characteristics of the measuring equipment — it was mainly
domestic equipment, because the procurement of foreign equipment was
very difficult (as a whole, domestic equipment showed satisfactory
results);

» detection methods - radiological search of the surface part by
sectors (very difficult due to low surface contamination), removal of the
surface layer and re-detection and finally digging of characteristic
sections to a depth of 1 m.

The decontamination works began with the arrangement and
preparation of the area of works and the organization of security. The
following were engaged in the realization of the task: the working team
for work on decontamination (professional members of ABHO and the
Military Academy, as well as the experts from the INS "Vinca") and the
unit for security and logistics (from the ABHO unit then AS and MN).

The working team worked in three groups:

* clearing group,

» dosimetric examination group, and

* penetrator removal group.
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With this work organization, a probability of finding contamination
was higher than 90% and a possibility of "failure" in finding and extracting
depleted uranium projectiles was almost certainly ruled out.

For more efficient work on the decontamination of DUA
contaminated areas, the members of engineering units also participated
with engineering machines in field preparation (construction of access
communications) and R decontamination (removal of the upper layer of
contaminated soil), Figure 10.

Figure 10 — Soil decontamination using engineering machines
PucyHok 10 — Obe33apaxusaHue ro4Ysbl UHXEeHePHbIMU MawluHamu
Cnuka 10 — [JekoHmamuHayuja 3emrbulima yrnompebom UHXUH-epUJCKUX MallUuHa

Due to a large volume of work and unfavorable weather conditions,
the works had to be stopped at the end of 2002 and continued in the
spring of 2003 (Figure 11), when the area of the village of Bratoselce was
completely decontaminated from depleted uranium.
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Figure 11 — Scheme of the contaminated land in the village of Bratoselce
PucyHok 11 — Cxema 3a2psi3HeHHOU ro4ebi 8 depesHe bpamocenue
Cnuka 11 — lllema koHmamuHupaHoa 3emrbuwima y cesy bpamocenuye

The results and experiences in the remediation of the consequences
of the DUA use in the area of the village of Bratoselce can be presented
as follows:

* complete decontamination of the contaminated soil (area of 54
ares) was performed;

* over 320 penetrators and more than 300 shells from depleted
uranium projectiles were found (the largest number at a depth of 50 to
100 cm);

* about three tons of contaminated soil were collected:;
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* parts of DUA and contaminated soil were deposited in the special
warehouse of the INS "Vinca";

* Members of the army achieved high competency by applying the
experience from the decontamination of Cape Arza in R. Montenegro;

* measuring instruments of domestic production were used (KOMO-
TM, RCM, SACD, etc.);

* due to the acquired experiences and characteristics of the soil, the
following tasks were realized much faster (remediation of the Pljackovica
region near Vranje, Borovac near Bujanovac and the Reljan region near
PreSevo).

After performing gamma spectrometric analyzes on 25 samples
taken from the area of the village of Bratoselce, it was proven that the
site was completely decontaminated, i.e. the effects of depleted uranium
were remediated according to the requirements of the construction
project.

Once again, it must be pointed out that more than three years
passed from the moment of DUA strikes to the decontamination of the
area, which could have resulted in the pollution of the flora and fauna as
well as the environment at the said location.

Conclusion

The use of depleted uranium ammunition by the NATO countries
has led to serious consequences for people and the environment in the
countries targeted by this type of prohibited weapon. The goal of using
this type of weapon, in addition to the military one, is certainly to solve
the problem of radioactive waste in the NATO countries that possess it,
especially when the half-life of uranium (about 4.5 billion years) is taken
into account.

Even after several decades of the application of DUA in the area of
the Republic of Serbia, conclusions are drawn about the scope and
severity of the consequences of its application. To that end, in 2018, the
Assembly of the Republic of Serbia formed a Commission to investigate
the consequences of the NATO bombing in 1999 on the health of citizens
and the environment (Cekerevac, 2018). The task of the commission,
among other things, is to determine the negative effects of toxic chemical
substances in the destroyed facilities of the process industry
("Petrohemija" and "Azotara" Pancevo, facilities of the oil industry of
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Serbia, facilities of military industry in Baric, Lucani, Kragujevac and
many others) south R. Serbia, etc. (Indi¢, 2012, pp.288-307)

Faced with the problem of a new type of weapon, the units of the
Serbian Army (YA, AS and MN) decisively and bravely chose the optimal
method of implementation, first radiological reconnaissance, and later
radiological decontamination of the areas contaminated with depleted
uranium. The competent institutions of the Republic of Serbia, such as
the INS "Vin¢a", the MMA and others, provided them with great help in
the realization of the mentioned tasks.

Certain problems that arose during the implementation of the
remediation of the areas contaminated with DUA were:

+ delayed effect of DUA (radiological decontamination was realized
much later than the use of DUA);

* soil characteristics - increased concentration of natural uranium
and geological composition made detection and decontamination difficult
(projectiles were detected at depths over 50 cm);

» characteristics of the measuring equipment - mainly domestic
equipment was used (which showed good results);

 detection methods - radiological search of the surface area by
sectors (very difficult due to low surface contamination);

» work for a longer period of time with protective equipment in a
protective position (so radiological decontamination was mostly realized
in late autumn or early spring);

+ insufficient experience in working on remediation of DUA
consequences, etc.

Despite the mentioned problems, the units of the army, together with
competent state institutions, successfully realized the remediation of the
areas contaminated with depleted uranium on the entire territory of the
Republic of Serbia (without the autonomous province of Kosovo and
Metohija). It must be especially emphasized that the Army of Serbia (YA,
AS and MN) was the first in the world to completely perform radiological
decontamination of areas contaminated with depleted uranium
ammunition, without the help of other countries.

The experience gained at that time served for further improvement of
tactical actions and procedures of ABH service units in eliminating the
consequences of the use of radiological weapons, as well as for training
in eliminating the consequences of nuclear and chemical accidents in
peacetime. (Indi¢ et al, 2015, pp.215-239)
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BOCCTAHOBEHVE MECTHOCTU, MOPAXXEHHOW CHAPALAMM
C OBEAHEHHbLIM YPAHOM

HesiH P. Hgxny

YHuepcuTeT 060poHbI B I. benrpaa, BoeHHas akagemus, kacdenpa TakTuku,
r. benrpag, Pecnybnuka Cepbusa

PYBPUKA TPHTW: 78.00.00 BOEHHOE OENO:
78.25.12 Xumuyeckoe, buonornyeckoe 1 saxuratenoHoe
opyxue. CpeacTtea 3aluTbl OT OPYXUS
MaCCOBOI0 Nopa)xeHus
BWO CTATbW: npodeccrnoHanbHas ctaTbs

Pe3some:

Besederue/yenb: lNocnedcmeusi agpeccuu HATO npomus Pecriybriuku
Cepbusi & 1999 20dy (8 mo epems exodusweli 8 cocmae Cor3HoU
Pecnybnuku HOzocnasusi) paccmampusaromcesi 0o cux rop. Ocoboe
8HUMaHUEe r0CesAUEHO 80rpocy MPUMEHeHUs 3arpeuleHHbIX cpedcms,
makux KaK:. KaccemHble U epaghumosbie 6ombbl, boerpurnacbl C
06edHeHHbIM  ypaHoMm (BOY) u np. be3ycrogHo, 4mMoO rfpuMeHeHuUe
06e0HeHHO20 ypaHa Kak euda OpyKusi Maccogoz20 [OpaxXeHUs
(paduoroeu4eckozo opyxusi) Haxodumcs 8 ueHmpe obuwecmeeHHO20
8HUMaHus. Hecmompsi Ha mo, Ymo Konu4ecmeo ucrnosnb3yemozo bOY u
rocredcmeusi om ux rMpuMeHeHUs1 00 CuX Mop He ymeep»K0eHb! (xoms u
npowrio 20 nem), MOXHO C YBEPEHHOCMbIO CKaszamb, 4Ymo UX
rpuMeHeHUe  8bI3gario  orpedernieHHbie  060oYHble  3gbcheKmbl.
lModpa3sdeneHusi HOzocrasckol apmMuu S6MAANUCH 2/1asHOU  MULIEHBIO
OaHHbIX CHapsidoe U, 6e3ycrioeHO, UMEHHO Yy apMuu 8bisI8/IeHO
Hauborbwee  Konudyecmeo HeeamugHbIX  riocriedcmeuli.  OOHaKo
cHapsidamu QY maroke 6binu nopaxeHb! 06LeKmbI UHGhpacmpyKmypel,
6a3oebie cmaHyuu, mesiesUu3UOHHbIe balwHU U CerlbCKOX03AUCMeeHHbIe
y200bs1.

Memoodbi: B pabome npumeHsinuce crieyuarbHble Hay4YHble Memoobl (8
OCHOBHOM MemoObl aHanu3a U cuHmesa) U aMrupuyeckue memoobl
(Memod KoHmeHm-aHanu3a u Memod HabnoeHus).

Pesynbmambi: B cmambe nposedeH aHanuiz  nocrnedcmeud
go3deticmeusi BOY Ha HaceneHue, MamepuarnbHOe UMYyWecmeso u
paspywieHue oKpyxarouiel cpedbl, a makxe paccMompeHbl 803MOXHbIE
HaripaesrneHusi OarbHeliuel pabomsi 8 daHHOU obsiacmu.

Bbigodbl: B cmambe npedcmaesieHbl pe3ynbmambl paduorosudeckol
paseedku u paduorioeudeckoeo obesgpexusaHusi rnopaxeHHolu bOY
MecmHocmu, Komopble Obifu  8bInosiHeHb! nodpasdeneHusmu PXb
(moeda PXB3) ¢ nomouwibto Opyaux rodpasdernieHuli u cryx6 cepbckol
apmuu, a makxe 2ocydapcmeeHHbIX yuYpexoeHuli Pecriybriuku Cepbusi
(HUW «Buryva», BMA u nip.).

Knouesnle criosa: ypaH, boenpunacbl ¢ 06€0HEHHbIM ypaHOM, 80licKa
PXB, passedka, obesspexusaHue.
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CAHALUMJA NMOAPYHJA KOHTAMUHUPAHUX MYHVLIMJOM CA
OCMPOMALLEHNM YPAHNJYMOM

HejaH P. NHRuh

YHuBepauteT ogbpaHe y beorpagy, BojHa akagemuja, Kategpa Taktuke,
Beorpan, Peny6nuka Cpbuja

OBNACT: xemujcke TexHornoruje
BPCTA YJTAHKA: cTpy4Hu paa

Caxemak:

Yeod/uurb: lNocneduuye HATO aepecuje Ha Penybnuky Cpbujy (mada y
cacmagy CP Jyeocnasuje) 1999. eoduHe jow yeek ce pasmampajy,
rnocebHo ca acriekma yrnompebe Hed0380/beHUX cpedcmasa, nornym
KacemHux U e2pagumHux 6ombu, MyHuuuje ca OoCUpPOMaWEHUM
yparujymom (MQOY) u Op. Ceakako Oa je ynompeba ocupomawieHo2
ypaHujyma, Kao jeOHe epcme opyXja 3a MacOBHO YHUWIMAasaHe
(paduonowko opyxje), Hajeuwe y QOKyCy UHMepecosara jagHOCMU.
Konuuuna kopuwheHe MOY u nocneduye meHe yrnompebe jow ysek (u
nocne 20 eo0uHa) HUCy y nomryHocmu QokasaHe, asnu ce ca cuaypHowhy
Mmoxe pehu Oa je oHa npoys3pokoeana odpeleHe HexerbeHe eghekme.
Tadawmre jeduHuue Bojcke Jysocrnasuje bune cy enasHU yusrb Oejcmea
080M 8pcmoM MyHuuuje, na cy rnpempnesie u Hajsehe nocreduue.
Mehymum, dejcmeom MOY eafjaHu cy u objekmu uHgbpacmpykmype,
basHe cmaHuue, mernesu3ujcku npedajHuyu U  MosbONMPUEPEOHO
3emsbuwime.

Memode: Y pady cy kopuwheHe riocebHe Hay4dHe memode (MEXULWHO
Memoda aHanu3e u cuHme3se) u emrnupujcke Memode (Memoda aHarnuse
cadpxaja u Memooda riocmamparba).

Pesynmamu: CaznedaHe cy nocneduye Odejcmea MOY Ha rbyde,
MmamepujaniHa dobpa u deepadupar-e XUBoMmHe cpeduHe, Kao U rpasyu
Oarbee pada y o8oj obriacmu.

Bakrbyyak: [llpukasaHu cy pesynmamu paduosiowkoz u3euhara u
paduornowke OekoHmMamuHayuje rnodpydja KoHmamuHupaHux MOY, koje
cy peanu3soearnie jeOuHuue ABX cnyxbe (mada poda ABXQO) y3 nomoh
ocmarnux podosa u crnyxbu Bojcke Cpbuje, ka0 u UHcmMmumyyuja
Peny6nuke Cpbuje (MHH ,,Burya”, BMA u dp.).

KrbyuHe peyu: ypaHujym, MyHUyuja ca ocupoMaweHUM ypaHUjyMOoM,
ABX cnyxb6a, ussuhare, 0eKoHmamMmuHayuja.

Paper received on / [lata nony4yenusi pabotsl / Jatym npujema ynaHka: 14.10.2020.
Manuscript corrections submitted on / lata nony4eHus ncnpaeneHHon Bepcum paboTel /
Oatym goctaerbana ncnpasku pykonuca: 01.12.2020.

Paper accepted for publishing on / Jata okoH4aTenbLHOro cornacoBaHusi pabotel / Jatym
KOHa4Hor nNpuxBaTana YnaHka 3a objasreusamne: 03.12.2020.

251

Indi¢, D., Remediation of the areas contaminated by depleted uranium ammunition, pp.230-252



i" VOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2021, Vol. 69, Issue 1

© 2021 The Author. Published by Vojnotehnicki glasnik / Military Technical Courier
(www.vtg.mod.gov.rs, BTr.mo.ynp.cpb). This article is an open access article distributed under the
terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/rs/).

© 2021 AsTop. Ony6nukoBaHo B «BoeHHo-TexHu4eckuii BecTHUk / Vojnotehnicki glasnik / Military
Technical Courier» (www.vtg.mod.gov.rs, BTr.mMo0.ynp.cp6). [laHHas ctaTbsi B OTKPbITOM 4OCTYNE U
pacnpocTpaHsieTcsl B COOTBETCTBUM C NnuueH3nen «Creative Commons»
(http://creativecommons.org/licenses/by/3.0/rs/).

© 2021 AyTtop. Ob6jaBuro BojHoTexHuukm rnacHuk / Vojnotehnicki glasnik / Military Technical Courier
(www.vtg.mod.gov.rs, BTr.mo0.ynp.cp6). OBo je unaHak OTBOpeHOr Npuctyna n aguctpudyupa ce y
cknagy ca Creative Commons licencom (http://creativecommons.org/licenses/by/3.0/rs/).

252




