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Abstract

Several issues should be considered when assessingésitality of remediation following the
detonation of a radiological dispersion device (e.gty diomb) or improvised nuclear device in
a large city. These issues include the levels and cleasts of the radioactive contamination,
the availability of resources required for decontamimatend the planned future use of the
city’s structures and buildings. Presently, little is wnoabout the distribution, redistribution,
and migration of radionuclides in an urban environment. KewePripyat, a city substantially
contaminated by the Chernobyl Nuclear Power Plant accideipril 1986, may provide some
answers. The main objective of this study was to deterthmgadionuclide distribution on a
Pripyat multistory building that had not been decontarachatnd, therefore, could reflect the
initial fallout and its further natural redistributiom external surfaces over 23 years. The 7-story
building selected was surveyed from the ground floor tortleé on horizontal and vertical
surfaces along seven ground-to-roof transections. Sosuésdrom this study indicate that the
upper floors of the building had higher contamination ketean the lower floors. Consequently,
the authors recommend that thorough decontaminatioridsbewconsidered for all the floors of

tall buildings (not just lower floors).
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INTRODUCTION

The fear that terrorists might use radiologicalpdisal devices, nuclear explosive
devices, or nuclear materials as part of an improviseceaudevice (IND) in an attack has
increased over the last few years. An early attempgueh an attack involved Chechen rebels
who placed &*'Cs source covered with explosives in the Izmaylovski RaMoscow in 1995
(IAEA 2002a). The device was never activated, but the intid@used anxiety among the public
as well as local and international agencies.

A major concern of law enforcement agencies is thatively easy access terrorist
groups throughout the world have to radiation sources. uKan April 2002, International
Atomic Energy Agency (IAEA) experts secured several urdpdarSoviet-made radiation
sources, including a powerftiCo source once used in medical and research applic&kEa
2002b). Evidence has shown that ‘small dirty bombs’ have lbeestructed from radioactive
sources of medical devices (PBS 2003).

As a first major step to locate, recover, secure, disgpose (or recycle) orphan
radioactive sourcéshroughout the republics of the former Soviet Union,Ut®. Department of
Energy, IAEA, and Russian Federation’s Ministry foosic have established a working group
on securing and managing radioactive sources (IAEA 2002ighlyHenriched uranium and
plutonium could be used to build an IND with relativetsldi processing. The key concern is that

organized trafficking in materials of nuclear weapons migicur undetected (IAEA 2009).

SOrphaned radioactive sources is a term used to denote radioactive sources thatoarendler official regulatory
control. Orphan sources are a common occurrence irepladlics of the former Soviet Union, but the U.S. Nuclea
Regulatory Commission reports that U.S. companies haweelads track of more than 1,500 radioactive sources
since 1996 and more than half were never recovered. A Eurdpmean (EU) study estimated that up to 70 sources
are lost from regulatory control in the EU every yearEuropean Commission report estimated that more than
30,000 abandoned sources in the EU are held at the usersge@lmost unprotected, thus putting these sources at
risk of being lost from regulatory control (IAEA 2002a).
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Various U.S. federal agencies have attempted to prepasudbr an event. However,
several problems remain unsolved, including radionuclidece¢rdistribution on tall buildings
and structures and the consequent fixation, distribugiod redistribution of contamination in an
urban environment. Knowledge in this area would help assesscdbts of a thorough
decontamination of buildings, artificial structures, aodds in an affected urban environment
following a nuclear or radiological event. Among thgngicant issues to be addressed are the
intensity and characteristics of the radioactive tamination, the availability of resources
required for decontamination, and the planned future usehef city’s buildings and
infrastructure. However, very little is known about tlkiéspersion and redispersion of
radionuclides in an urban environment.

Currently, only one place exists where radioactive amimation in an urban
environment could be studied: Pripyat, Ukraine. The bordetiseohighly contaminated city of
Pripyat are located about 2.5-5 km away from the destraydt of the Chernobyl Nuclear
Power Plant (ChNPP) (Fig. 1). Once a modern industiigl with a population of 55,000,
Pripyat is now completely abandoned because it is glathe Chernobyl Exclusion Zone
(ChEZ),” an area in the Ukraine heavily contaminated by radiotesl{e.g.°Sr, **'Cs, and
transuranics) from the ChNPP accident in April 1986. Tde® Union government established
the ChEZ soon after the accident. The ChEZ haswts administrative system, and its land is
currently defined asadiation hazardous land, i.e., not to be used for human habitation or
agricultural activities. Agricultural products generated thveoeld not comply with the existing
Ukrainian requirements on the maximum allowable radieactoncentration (Farfan et al.
2008).

Pripyat was contaminated by the radioactive falloutnipain the form of finely

" Official Web site of the ChEZ Administration: http:itw.ic-chernobyl.kiev.ua/
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dispersed nuclear fuel with a total deposition level 280000 kBq rof **'Cs, 50-6,660 kBq

m? of °°Sr, and 1.5-200 kBq fof 23°*24y (Baryakhtar et al. 2003). An aerial gamma survey of
Pripyat is illustrated in Fig. 2. Despite the decontation efforts from 1986 to 1989, most
buildings, structures, and roads are still highly contarathan Pripyat, making it an ideal place
to study radionuclide distribution, redistribution, and @igm in an urban environment.

The data from this study and similar studies should hetgyvand validate current and
future models developed and being developed by various interaktorganizations. For
instance, IAEA’s Working Group 9 Environmental Modeling fodRéion Safety (EMRAS IIT)T
was established to improve modeling and assessment capalfiiti remediating urban areas
contaminated with dispersed radionuclides, including thesequences of countermeasures.
Various studies (e.g., Brown et al. 2006; Hoffman and Bkiesl995; Thiessen et al. 1997,
2005a, 2005b, 2008, 2009) have addressed modeling of urban contamimatiexer, modeling
of radiation exposures in contaminated urban environmestsl i&irly undeveloped compared
with other types of assessment models. These stud@dycshow that much more data on urban

contamination and countermeasures are still needed fdelnerification and validation.

METHODSAND RESULTS

The most contaminated area in Pripyat was selectedhi® study on the basis of
radiation survey data obtained by the Chernobyl Centetésriational Radioecology Laboratory
(IRL)* (Fig. 2). The objective of this study was to determinertttionuclide distribution on a

multistory building in Pripyat from the floor leved the roof by obtaining surface contamination

"AEA’s EMRAS Il Web site: http://www-ns.iaea.org/peats/emras/emras2/default.htm
*Chernobyl Center for Nuclear Safety, Radioactive WastéRadioecology: http://www.chornobyl.net/en/
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beta particle flux measurements and considering twtdibgi sides (one facing the ChNPP
Reactor Unit Four and the other facing away).

A certified dosimeter-radiometer MKS-01R®with a BDKB-01R" detector was used
for obtaining the beta particle flux measurements. Thectl BDKB-01R uses anthracene, a
fine crystalline organic scintillator, applied as a thimfon a truncated cone-shaped plexiglas
light guide. From the outside, the scintillator is em®d with several layers of light resistant
aluminum film. The diameter of the measurement windo®.5 cm. The detector design makes
it possible to measure beta radiation if there is ancagsd background gamma radiation. For
this purpose, the unit has a detachable aluminum alloyltiéa-installed on the side of the unit
and does not change the measurements geometry regaridiesstioer the measurements are
obtained with or without the shield. The BDKB-01R unitalso a highly sensitive device for
measuring the equivalent gamma exposure dose, making iblpots take measurements for
radiation levels comparable with the background. Accorttinthe applicable Ukrainian rules
regarding use of this instrumentation, calibration isguered annually by the Ukrainian Center
of Metrology Standardization with a calibration ciette being issued. IRL does not perform
calibration because it does not have any authority taddrse overall instrument efficiency;, E
is 0.54 pulses per disintegration. The unit characterigtepresented in Table 1.

The detector was placed 1 cm above the surface. Two 100dsemasurements in each
location were taken, with and without a beta filter; aggynma irradiation is measured when the
beta filter is used, and both beta and gamma irradiatie measured when the filter is not used.

The beta particle flux was estimated as a differeeted®en the two measurements.

$MKS-01R-01 (or MKC-01P-01 in Russian) is a universal dosim&ermeasuring alpha, beta, gamma, and
neutron radiation. It is commonly used in the Russianria&da and republics of the former Soviet Union. It ban
obtained from Metra Telekom: http://www.priborkip.ru/pniB6737.html.

""BDKB-01R (orBJIKB - 01P in Russian) is a detection unit for beta flux mesments. It can be obtained from
the Nuclear.Ru (Nuclear Site): http://www.nuclear.ru/ruegdpction/10/?from=180.
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The easternmost multistory building in the city oplyat was selected to assess beta flux
from vertical and horizontal surfaces (Figs. 1 and ZjatTbuilding is an unfinished 7-story
hospital located in the trajectory of the northerdioactive plume. The structure consists of
reinforced concrete covered with small ceramic tileslb areas other than the seams and lateral
surfaces. The building extends from southeast to nosthe® that its northeast and southeast
walls face the ChNPP, while its southwest and northeides do not face the plant (Fig. 3).

The building length, width, and height are 67.0, 22.5, 27.8espectively. The building
is a seven-story building with an equipment floor lgggfloor). All floors, with the exception of
the equipment floor, have 1x71.7 m windows along the entire perimeter (Fig. 4). Attiine of
the accident, the building was undergoing interior rations with utilities lines being installed
there. By the time the measurements were obtained ihuifding, some of the glass windows
had been broken due to wind or human activities. Becawsasitunfinished, the building was
assumed not to be decontaminated. Therefore, the coatgon distribution on the building’s
external surface should reflect the initial fallout atsdfurther natural redistribution over 23
years. This assumption was verified when the contammagieels on the ground floor were
found to be similar to the levels found on the rod§dAthe contamination levels on the external
walls facing away from the ChNPP were found to be lothan on the walls that faced the
ChNPP.

Seven vertical ground-to-roof transections were selectethe external surface of the
building that included a window on each floor (Fig. 3): thesections (A—C) were on its
northeastern side, three (D—F) on its southwestei®, sind one (G) on its southeastern side.
Each transection contained seven measurement pointgiatis levels: ground level, the first

floor, the second floor, the fourth floor, the sifibor, the seventh floor, and the roof. In most of
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these locations, measurements were conducted in the panteof the window frames.

For each measurement point on floors 1, 2, 4, 6, ando/béta flux measurements were
taken inside the window recess; the first measuremenbi@ined on the vertical surface inside
the recess 30 cm above the window sill, and the secorgum@ment was obtained on the
window sill 30 cm away from the side where the firsemeement had been taken (Fig. 4). In all
measurements, the vertical surface used was the ohdatted the ChNPP. On the roof,
measurements were obtained on vertical and adjacembohtal surfaces of the lateral-reinforced
concrete fencing. At the ground level many of the sills veeneered with metal ledges at the
time of the accident which had later been removed. Torerethe ground floor measurements
were obtained as follows: The first measurement poag taken on the vertical surface of the
lower part of the building (30 cm above the ground leved) the second measurement was taken
on the ground level 30 cm away from the building (Fig. 4).

In total, 48 measurements on horizontal surfaces and 4&urements on adjacent
vertical surfaces were obtained in August 2009 (more than 23 wd®r the accident). The
ratios of beta particle flux on the ground level to theambeat flux for horizontal and vertical
surfaces along the seven transections are graphicabemied in Fig. 5. The ratios for the
vertical transections facing the ChNPP are showngn3A-C and G.

The external surface contamination of the buildingisttered in this study has a
significant variability and high absolute values*d10® particles crfimin™) as indicated by the
beta particle flux measurements. In most cases, theohtel surfaces are more contaminated
than the adjacent vertical surfaces by a few facibrsagnitude. In general, the ground near the
building (horizontal measurements) is the most comtated. The external surfaces of the

building facing the ChNPP are generally more contamthatéost of the time, the
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contamination of the building’s external surfacesrfgdhe ChNPP decreased going from lower
floors to higher floors. However, when the building aggfls not facing the ChNPP are

considered, the upper floors have a higher contamintdiamlower floors.

CONCLUSIONS

National and international organizations have addregsegossible use of nuclear or
radiological materials by extremists. Several studiasehattempted to help address the
remediation issue by modeling radiation exposures inaoanated urban environments;
however, this type of modeling is still quite undeveloped maned with other types of
assessment models. In addition, data on urban contamninatlecontamination, and
countermeasures are still needed for model verificatwhvalidation. This study focused only
on one aspect of this major issue: vertical contan@natn tall buildings. Some of the study’s
results indicate that the upper floors are more comiated than lower floors for the building
side not facing the ChNPP; therefore, thorough decan&ion should be considered for all the
floors of tall buildings (not just lower floors). Bvehough its results are preliminary, this study
may be a starting point for more elaborate studies invglvarious contaminated tall buildings

and structures in Pripyat at various distances fronCtil¢PP.
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Fiqure Captions:

Fig. 1 - The City of Pripyat, Ukraine. The bordef®apyat are 2.5-5 km away from
the destroyed ChNPP Reactor Unit Number 4.

Fig. 2 - Initial radioactive fallout in the City of iByat, Ukraine after the 1986 ChNPP
accident (1992 aerial gamma survey). Provided by the CherGeioyér,
Slavutich, Ukraine.

Fig. 3 - Building where measurements were made, Pripyaaingé. a) Southeast side of
the building (Transection G facing ChNNP). b) Aerialvidepicting the seven
transections. Transections A, B, C and G face ChNNP.

Fig. 4 - Measurement points for floors 1, 2, 4, 6, andid@neach window recess (A:
vertical surface, B: horizontal surface) at the stodwtion in Pripyat, Ukraine.

Fig. 5 - Ratio of beta particle flux on the ground leeethe mean beat flux for
horizontal and vertical surfaces along the seveneriogs at the study location

in Pripyat, Ukraine. Transections A, B, C, and G fameChNNP.
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Footnotes (Text):
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Savannah River National Laboratory, Aiken, SC 29808, USA

Chernobyl Center for Nuclear Safety, Radioactive Wastl Radioecology,
International Radioecology Laboratory, 07100, Slavutychaller

Centers for Disease Control and Prevention, Atla@# 30333, USA

Orphaned radioactive sourcesis a term used to denote radioactive sources that are
not under official regulatory control. Orphan source&sacommon occurrence in the
republics of the former Soviet Union. Even the U.S. NarcRegulatory Commission
reports that U.S. companies have lost track of more1/#00 radioactive sources
since 1996 and more than half were never recovered. A Eamap@on (EU) study
estimated that up to 70 sources are lost from regulatotyad in the EU every year.
A European Commission report estimated that more th&@®3@&bandoned sources
in the EU are held at the users' premises almost unpediehtis putting these
sources at risk of being lost from regulatory controERA2002a).

Official Web site of the ChEZ Administration: Ipté/www.ic-chernobyl.kiev.ua/
IAEA’'s EMRAS Il Web sitehttp://www-
ns.iaea.org/projects/emras/emras2/default.htm

Chernobyl Center for Nuclear Safety, Radioactive WasteRadioecology:
http://www.chornobyl.net/en/

MKS-01R-01 (or MKC-01P-01 in Russian) is a universal dosinfer measuring
alpha, beta, gamma, and neutron radiation. It is commsag in the Russian
Federation and republics of the former Soviet Unionaftt lse obtained from Metra
Telekom:http://www.priborkip.ru/pribor26737.html

*** BDKB-01R (or BJIKB — 01P in Russian) is a detection unit for beta flux

measurements. It can be obtained from the Nuclear.Rci€bl Site):
http://www.nuclear.ru/rus/production/10/?from=180
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Table 1

Table 1. Detector BDKB-01R characteristics.

Type of Measured value  Measurements  Power range for the  Total error,
radiation range measured radiation %
Beta Beta flux, 1-10° 0.3-3 MeV of the +20
particles cm? min maximum value of the
beta spectrum energies
Gamma Equivalent dose 0.1-10* 0.125 — 1.25 MeV +20

rate, uSv h*
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