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Remediation of the areas contaminated by depleted uranium ammunition
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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.

KEYWORDS: uranium, depleted uranium ammunition, ABH service, reconnaissance, decontamination.
Pe 310Me:

Bseaenue/uean: [Tocaeactsust arpeccun HATO nporus Pecny6anku Cepbust B 1999 roay (B To Bpemst BXOAUBIIEH B COCTaB
Corosnoit Peciybankn IOrocaasus) paccmarpusatorcss Ao cux nop. Oco6oe BHHMaHHE NMOCBSUICHO BONPOCY NPHMEHEHHS
3alPElEHHBIX CPEACTB, TAKUX KaK: KACCeTHpe M rpadurosbie Gombbl, Goenpumacs ¢ obeanennsm ypanom (BOY) u mp.
BesycaoBHO, 4TO mpuMeHEHHE OGEAHEHHOTO ypaHa KaK BHAA OPYXHS MACCOBOTO MOPAXKEHHsS (PaAHOAOTHYECKOTO OPYXHs)
HaXOAMTCS B LeHTpe obmecTBenHoOro BHuManus. Hecmotpst Ha 10, T0 KOAMdecTBO ncnoassyemoro BOY u mocaeactsus or nx
IPHMEHEHHUS AO CHX IO HE YTBEPXKACHDI (XOTs 1 ripornao 20 A€T), MOXHO C yBEPEHHOCTBIO CKA3aTh, YTO UX IPUMEHEHHE BHI3BAAO
onpepeacHusie 1o6ounbIe 3dexTrl. [Toapasaeacanst FOrocaaBckoit apMun SIBASIAUCD TAABHOM MULICHBIO AQHHBIX CHAPSIAOB H,
6e3yCAOBHO, IMCHHO y apMHH BBUIBACHO HanGOAbIIEe KOAMYECTBO HeraTUBHBIX nocaeacTsuil. Oanako cHapsaamu BOY raxoke
OBIAM TOPaXKeHBI OOBEKTH HHPPACTPYKTYPHL, 6230BbIC CTAHIIUM, TCACBU3HOHHBIE GAIlIHH 1 CEABCKOXO3SIHCTBCHHBIC YTOABSL.
Mertoab: B pabore mpumensiauch crienHasbHble HAYYHbIE METOAB! (B OCHOBHOM METOABI AaHAAM3A H CHHTE33) U IMIIMPHIECKHE
MeTOAB! (METOA KOHTEHT-aHAAM3a U METOA HAOAIOACHHSA).

Pesyasrarsr: B craThe npoBeaen anaans mocaeacrsuii Bosaciicteust bOY Ha HaceaeHne, MaTepHaABHOE HMYIIECTBO U Pa3PyILCHIE
OKPY>KAIOIIEH CPEABL, & TAKOKE PACCMOTPCHDI BO3SMOXKHBIC HAIIPABACHIS AAABHENIIEl paGOTHI B AAHHOM 06AaCTH.

BriBoabL: B craThe mpeacTaBACHBI pE3yABTATBI PAAMOAOTHYCCKON PASBEAKH H PAAMOAOTHYECKOTO O0Ee3BPEKUBAHHS TOPAXKEHHOM
BOY mectrOCTH, KOTOpBIE 6b1AH BhIOAHEHH TToAPaacacHHsaMu PXB (toraa PXB3) ¢ nomompio Apyrux moapasaeaenuii u cayx6
cepbCKOi apMuUH, a TAIOKE TOCYAAPCTBEHHBIX yupexacHui Pecrrybanku Cepbust (HUU «Bumua», BMA u np.).

KnwoueBoe cJo B a: ypan boenpunacs c 06ecAHCHHBIM ypaHoM, Boricka PXDB, passeaxa, o6esspexusanmue.

ABSTRACT:

VBoa/uum: Iocacaune HATO arpecuje Ha Penybauxy Cpbujy (Tana y cactaBy CP ]yFOCAaBHje) 1999. roaune jom ysex
ce pasMatpajy, MOCeGHO ca acHeKTa YIoTpeGe HEAO3BOACHUX CPEACTABA, NONYT KACCTHHX U rpaduTHHX 60MOu, MyHHUHje ca
ocupomamenum ypauujymom (MOVY) u ap. Cpakako aa je ynorpeba ocnpomauieHor ypaHHjyMa, Kao jeAHe BPCTe OpYXja 3a
MacOBHO YHHIUTaBambe (PaAHOAOLIKO OpyXje), HajBuIle y $OKyCy MHTepecoBama jaBHOCTH. Koanmduna xopumhene MOY u
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nocaeaHIie BbeHe yrnotpebe jou yBek (i mocae 20 ToAuHa) HUCY Y IOTIYHOCTH AOKasaHe, aAH ce ca curypHomhy Moxke pehu aa
je oHa mpoyspokoBasa oppehene Hexemene edekre. Tapamme jeannune Bojcke Jyrocaasuje Guae ¢y raaBHU LUAs ACjCTBA OBOM
BPCTOM MyHHLHje, 12 ¢y iperprieac U Hajsehe mocaeaune. Mebytnm, acjcrBom MOY rahanu cy u o6jextu undpacrpykrype, 6asue
CTaHMUIIC, TEACBUSH)CKH IIPEAQJHHIIM U OASOIPUBPEAHO 3EMAOHILTE.

Mertoae: Y paay cy xopumheHe noce6He HayqHe MeTOAE (TEKUIIHO METOAQ AaHAAM3E U CHHTE3€) U EMIHPHjCKe MeToAe (MeToAa
aHaAM3E CAAPKaja M METOAA TOCMATparba).

Pesyararu: Caraeaane cy mocaepue acjcrBa MOY Ha myae, MaTepujasHa AOOpa U ACTPasUpaEbe SKUBOTHE CPEAUHE, KAO H IIPABLM
Aaner papa y 0Boj obaacTu.

3akayuak: [IpukasaHu cy pesyATaTH pPasMOAOLIKOT H3BuD)amba U PaAHOAOLIKE ACKOHTAMHUHALIMjE NMOAPYYja KOHTAMHHUPAHUX
MOY, koje cy peasnsosaae jeaunune ABX cayxbe (Tapa poaa ABXO) y3 nomoh ocraaux poAoBa u cAyx6u Bojcke Cp61/1je, Kao
u urcrurynuja Perybanke Cpbuje (IHH ,,Bunya”, BMA u Ap.).

KEYWORDS: ypaHI/[ij, MyHI/ILlI/Ija €a OCHPOMAIIICHUM ypaHI/ijMOM, ABX CAy>K6a, Hssnba}be, ACKOHTaMI/IHaLlI/Ija.

INTRODUCTION

Uranium-238 (**U 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 elementis 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 IT 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.

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.
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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

Asalready mentioned, uranium (U, lat. Uranium) is a chemical element from the group A actinoids of group
III 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: 2**U (99.284%), >*°U (0.711%) and
slightly 2*U (0.0058%). The isotope U undergoes spontaneous nuclear separation under the influence
of thermal neutrons. The isotope 28(J receives neutrons, as a result of which it is converted into 2>’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 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'O, ** (yellow).
(Holleman et al, 2007)

TABLE 1
Modifications of uranium at atmospheric pressure

Phase Stable temperature | . oia) system

range
o= " orthorhomiic (@=285 4 prr,
uranium | 0 e 688 °C b-586 9 prn, c=495 & prm)
- betyeaer GEE °C tetragonal E=1075.9 poy
Uranium and 776 "C C=5E5.6 piry
¥ abowe 776 °C cubic a=352.5 prry
uranium

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:

e uranium U303 and

¢ Ko(UO,)5(VO4), « 2H,0.

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, amongother 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
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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 duringall phases of exploitation, processingand use in several
ways:

e by inhalation (via the respiratory system),

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

o 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
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 pg. (Puri¢ & Popovié, 2000, pp.50-52)

If an increased degree of radioactive contamination (above 0.5 pGy/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 acrosol 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.

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.
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The main application of uranium is the use of its 25U 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:

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

o 28U is converted to plutonium in atomic reactors;

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

e also used in photography and chemical analyses.

Natural uranium has three isotopes (***U (0.006%), U (0.71%), and ***U (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 By (depleted as a nuclear fuel, but not harmless from the aspect
of protecting the human population). It occurs most often:

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

e 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.).

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),

e 30 mm (aircraft A-10 Thunderbolt II - 298 g),

e 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)
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FIGURE 1
Means for the application of DUA: A-10 Thunderbolt IT aircraft and tank 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: Plja¢kovica (near Vranje), Borovac (near Bujanovac), Bratoselce,

and Reljan (near Presevo), Figure 2. (Indi¢, 2018, p.143)
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Areas contaminated with depleted uranium ammunition in the area of R.

Serbia (without AP Kosovo and Metohija) during the 1999 NATO aggression

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:

e Location 1 - "Plja¢kovica”, contaminated area: about 2500 m?, radioactivity: from 5500 to 235000 Bq /
kg (Figure 3),

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

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

o Location 4 - "Reljan", contaminated area: about 6800 m?, radioactivity: over 200 Bq / kg (Figure 6).
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FIGURE 3
Location 1 "Pljatkovica"

FIGURE 4
Location 2 "Borovac"

237



VOINOTEHNICKI GLASNIK/MILITARY TECHNICAL COURIER, 2021, vOoL. 69, No. 1, JANUARY-MARCH, ISSN: 0042-8...

FIGURE 5
Location 3 "Bratoselce”

FIGURE 6
Location 4 "Reljan"

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 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

2~ ( )_3‘- ~ A PDF generated from XML JATS4R by Redalyc
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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 areaof 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.c. the place of DUA strike (in each place, 3 measurements are carried out and 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
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FIGURE 8
Measurement of the radioactive contamination of DUA samples on the ground

During R reconnaissance, special attention must be paid to the altitude and the location where the
measurements are performed, 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 nGy/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:

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

e 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 HGy/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).
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FIGURE 9
Method of detection of toxic chemicals

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:

o 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

e 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:

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

o location "Bratoselce”, remediated in 2002 and 2003,

e location "Pljackovica", remediated in 2004,

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

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

241



VOINOTEHNICKI GLASNIK/MILITARY TECHNICAL COURIER, 2021, VOL. 69, NO. 1, JANUARY-MARCH, ISSN: 0042-8...

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:

e ABHO SA Management (project implementation management);

e ABHO SA units (performing R decontamination);

o INS “Vinéa” (professional assistance and participation in R decontamination);

e MMA (medical supervision and examination of personnel);

e Engineering units (communication and R decontamination assistance);

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

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

e finding depleted uranium ammunition,

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

e 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:

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

e 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);

e 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);

e 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 adepth 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:

e clearing group,

e dosimetric examination group, and

e penetrator removal group.

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.
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FIGURE 10
Soil decontamination using engineering machines

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.

— HiepweH3 noIWWeTPH|CKI NpeTpara \

CI3 Moepuwwka YWCTa, 083 KOHTIMMHILMS
= Noepwmna Nperonana o yune 04 1 M M QSXOHTAMMHNDEHE

CAPTION:

[ Dosimetry applied
I Clean surface, without contamination
1 Surface layer removed up to the depth of 1m and decontaminated

FIGURE 11
Scheme of the contaminated land in the village of Bratoselce

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:
o complete decontamination of the contaminated soil (area of 54 ares) was performed;
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e 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);

e about three tons of contaminated soil were collected;

e parts of DUA and contaminated soil were deposited in the special warehouse of the INS "Vinéa"

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

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

e 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 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:

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

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

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

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

e 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
climinating the consequences of nuclear and chemical accidents in peacetime. (Indi¢ et al, 2015, pp.215-239)
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