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Abstract 

Several issues should be considered when assessing the feasibility of remediation following the 

detonation of a radiological dispersion device (e.g., dirty bomb) or improvised nuclear device in 

a large city. These issues include the levels and characteristics of the radioactive contamination, 

the availability of resources required for decontamination, and the planned future use of the 

city’s structures and buildings. Presently, little is known about the distribution, redistribution, 

and migration of radionuclides in an urban environment. However, Pripyat, a city substantially 

contaminated by the Chernobyl Nuclear Power Plant accident in April 1986, may provide some 

answers. The main objective of this study was to determine the radionuclide distribution on a 

Pripyat multistory building that had not been decontaminated and, therefore, could reflect the 

initial fallout and its further natural redistribution on external surfaces over 23 years. The 7-story 

building selected was surveyed from the ground floor to the roof on horizontal and vertical 

surfaces along seven ground-to-roof transections. Some results from this study indicate that the 

upper floors of the building had higher contamination levels than the lower floors. Consequently, 

the authors recommend that thorough decontamination should be considered for all the floors of 

tall buildings (not just lower floors). 
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INTRODUCTION 

 

 The fear that terrorists might use radiological dispersal devices, nuclear explosive 

devices, or nuclear materials as part of an improvised nuclear device (IND) in an attack has 

increased over the last few years. An early attempt at such an attack involved Chechen rebels 

who placed a 137Cs source covered with explosives in the Izmaylovsky Park in Moscow in 1995 

(IAEA 2002a). The device was never activated, but the incident caused anxiety among the public 

as well as local and international agencies.  

A major concern of law enforcement agencies is the relatively easy access terrorist 

groups throughout the world have to radiation sources. In Kabul, in April 2002, International 

Atomic Energy Agency (IAEA) experts secured several unguarded Soviet-made radiation 

sources, including a powerful 60Co source once used in medical and research applications (IAEA 

2002b). Evidence has shown that ‘small dirty bombs’ have been constructed from radioactive 

sources of medical devices (PBS 2003). 

As a first major step to locate, recover, secure, and dispose (or recycle) orphan 

radioactive sources§ throughout the republics of the former Soviet Union, the U.S. Department of 

Energy, IAEA, and Russian Federation’s Ministry for Atomic have established a working group 

on securing and managing radioactive sources (IAEA 2002a). Highly enriched uranium and 

plutonium could be used to build an IND with relatively little processing. The key concern is that 

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

                                                
§Orphaned radioactive sources is a term used to denote radioactive sources that are not under official regulatory 
control. Orphan sources are a common occurrence in the republics of the former Soviet Union, but the U.S. Nuclear 
Regulatory Commission reports that U.S. companies have also lost track of more than 1,500 radioactive sources 
since 1996 and more than half were never recovered. A European Union (EU) study estimated that up to 70 sources 
are lost from regulatory control in the EU every year. A European Commission report estimated that more than 
30,000 abandoned sources in the EU are held at the users' premises almost 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 prepare for such an event. However, 

several problems remain unsolved, including radionuclide vertical distribution on tall buildings 

and structures and the consequent fixation, distribution, and redistribution of contamination in an 

urban environment. Knowledge in this area would help assess the costs of a thorough 

decontamination of buildings, artificial structures, and roads in an affected urban environment 

following a nuclear or radiological event. Among the significant issues to be addressed are the 

intensity and characteristics of the radioactive contamination, the availability of resources 

required for decontamination, and the planned future use of the city’s buildings and 

infrastructure. However, very little is known about the dispersion and redispersion of 

radionuclides in an urban environment. 

 Currently, only one place exists where radioactive contamination in an urban 

environment could be studied: Pripyat, Ukraine. The borders of the highly contaminated city of 

Pripyat are located about 2.5–5 km away from the destroyed unit of the Chernobyl Nuclear 

Power Plant (ChNPP) (Fig. 1). Once a modern industrial city with a population of 55,000, 

Pripyat is now completely abandoned because it is part of the Chernobyl Exclusion Zone 

(ChEZ),**  an area in the Ukraine heavily contaminated by radionuclides (e.g., 90Sr, 137Cs, and 

transuranics) from the ChNPP accident in April 1986. The Soviet Union government established 

the ChEZ soon after the accident. The ChEZ has its own administrative system, and its land is 

currently defined as radiation hazardous land, i.e., not to be used for human habitation or 

agricultural activities. Agricultural products generated there would not comply with the existing 

Ukrainian requirements on the maximum allowable radioactive concentration (Farfán et al. 

2008). 

 Pripyat was contaminated by the radioactive fallout mainly in the form of finely 
                                                
** Official Web site of the ChEZ Administration: http://www.ic-chernobyl.kiev.ua/ 
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dispersed nuclear fuel with a total deposition level of 80–24,000 kBq m2 of 137Cs, 50–6,660 kBq 

m2 of 90Sr, and 1.5–200 kBq m2 of 239+240Pu (Baryakhtar et al. 2003). An aerial gamma survey of 

Pripyat is illustrated in Fig. 2. Despite the decontamination efforts from 1986 to 1989, most 

buildings, structures, and roads are still highly contaminated in Pripyat, making it an ideal place 

to study radionuclide distribution, redistribution, and migration in an urban environment. 

 The data from this study and similar studies should help verify and validate current and 

future models developed and being developed by various international organizations. For 

instance, IAEA’s Working Group 9 Environmental Modeling for Radiation Safety (EMRAS II)†† 

was established to improve modeling and assessment capabilities for remediating urban areas 

contaminated with dispersed radionuclides, including the consequences of countermeasures. 

Various studies (e.g., Brown et al. 2006; Hoffman and Thiessen 1995; Thiessen et al. 1997, 

2005a, 2005b, 2008, 2009) have addressed modeling of urban contamination; however, modeling 

of radiation exposures in contaminated urban environments is still fairly undeveloped compared 

with other types of assessment models. These studies clearly show that much more data on urban 

contamination and countermeasures are still needed for model verification and validation.  

 

METHODS AND RESULTS 

 

 The most contaminated area in Pripyat was selected for this study on the basis of 

radiation survey data obtained by the Chernobyl Center’s International Radioecology Laboratory 

(IRL)‡‡ (Fig. 2). The objective of this study was to determine the radionuclide distribution on a 

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

                                                
††IAEA’s EMRAS II Web site: http://www-ns.iaea.org/projects/emras/emras2/default.htm 
‡‡Chernobyl Center for Nuclear Safety, Radioactive Waste and Radioecology: http://www.chornobyl.net/en/ 
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beta particle flux measurements and considering two building sides (one facing the ChNPP 

Reactor Unit Four and the other facing away). 

 A certified dosimeter-radiometer MKS-01R-01§§ with a BDKB-01R***  detector was used 

for obtaining the beta particle flux measurements. The detector BDKB-01R uses anthracene, a 

fine crystalline organic scintillator, applied as a thin film on a truncated cone-shaped plexiglas 

light guide. From the outside, the scintillator is covered with several layers of light resistant 

aluminum film. The diameter of the measurement window is 6.5 cm. The detector design makes 

it possible to measure beta radiation if there is an associated background gamma radiation. For 

this purpose, the unit has a detachable aluminum alloy lid-filter installed on the side of the unit 

and does not change the measurements geometry regardless of whether the measurements are 

obtained with or without the shield. The BDKB-01R unit is also a highly sensitive device for 

measuring the equivalent gamma exposure dose, making it possible to take measurements for 

radiation levels comparable with the background. According to the applicable Ukrainian rules 

regarding use of this instrumentation, calibration is performed annually by the Ukrainian Center 

of Metrology Standardization with a calibration certificate being issued. IRL does not perform 

calibration because it does not have any authority to do so. The overall instrument efficiency, Ei, 

is 0.54 pulses per disintegration. The unit characteristics are presented in Table 1. 

 The detector was placed 1 cm above the surface. Two 100-second measurements in each 

location were taken, with and without a beta filter; only gamma irradiation is measured when the 

beta filter is used, and both beta and gamma irradiation are measured when the filter is not used. 

The beta particle flux was estimated as a difference between the two measurements.   

                                                
§§MKS-01R-01 (or MKC-01P-01 in Russian) is a universal dosimeter for measuring alpha, beta, gamma, and 
neutron radiation. It is commonly used in the Russian Federation and republics of the former Soviet Union. It can be 
obtained from Metra Telekom: http://www.priborkip.ru/pribor26737.html. 
*** BDKB-01R (or БДКБ - 01P in Russian) is a detection unit for beta flux measurements. It can be obtained from 
the Nuclear.Ru (Nuclear Site): http://www.nuclear.ru/rus/production/10/?from=180. 
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 The easternmost multistory building in the city of Pripyat was selected to assess beta flux 

from vertical and horizontal surfaces (Figs. 1 and 2). That building is an unfinished 7-story 

hospital located in the trajectory of the northern radioactive plume. The structure consists of 

reinforced concrete covered with small ceramic tiles on all areas other than the seams and lateral 

surfaces. The building extends from southeast to northwest so that its northeast and southeast 

walls face the ChNPP, while its southwest and northwest sides do not face the plant (Fig. 3).  

 The building length, width, and height are 67.0, 22.5, 27.0 m, respectively. The building 

is a seven-story building with an equipment floor (eighth floor). All floors, with the exception of 

the equipment floor, have 1.7 х 1.7 m windows along the entire perimeter (Fig. 4). At the time of 

the accident, the building was undergoing interior renovations with utilities lines being installed 

there. By the time the measurements were obtained in the building, some of the glass windows 

had been broken due to wind or human activities. Because it was unfinished, the building was 

assumed not to be decontaminated. Therefore, the contamination distribution on the building’s 

external surface should reflect the initial fallout and its further natural redistribution over 23 

years. This assumption was verified when the contamination levels on the ground floor were 

found to be similar to the levels found on the roof. Also, the contamination levels on the external 

walls facing away from the ChNPP were found to be lower than on the walls that faced the 

ChNPP.  

 Seven vertical ground-to-roof transections were selected on the external surface of the 

building that included a window on each floor (Fig. 3): three transections (A–C) were on its 

northeastern side, three (D–F) on its southwestern side, and one (G) on its southeastern side. 

Each transection contained seven measurement points at various levels: ground level, the first 

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

For each measurement point on floors 1, 2, 4, 6, and 7, two beta flux measurements were 

taken inside the window recess; the first measurement was obtained on the vertical surface inside 

the recess 30 cm above the window sill, and the second measurement was obtained on the 

window sill 30 cm away from the side where the first measurement had been taken (Fig. 4). In all 

measurements, the vertical surface used was the one that faced the ChNPP. On the roof, 

measurements were obtained on vertical and adjacent horizontal surfaces of the lateral-reinforced 

concrete fencing. At the ground level many of the sills were covered with metal ledges at the 

time of the accident which had later been removed. Therefore, the ground floor measurements 

were obtained as follows: The first measurement point was taken on the vertical surface of the 

lower part of the building (30 cm above the ground level) and 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 48 measurements on adjacent 

vertical surfaces were obtained in August 2009 (more than 23 years after the accident). The 

ratios of beta particle flux on the ground level to the mean beat flux for horizontal and vertical 

surfaces along the seven transections are graphically presented in Fig. 5. The ratios for the 

vertical transections facing the ChNPP are shown in Fig. 5 A–C and G.  

 The external surface contamination of the building considered in this study has a 

significant variability and high absolute values (102–103 particles cm2 min-1) as indicated by the 

beta particle flux measurements. In most cases, the horizontal surfaces are more contaminated 

than the adjacent vertical surfaces by a few factors of magnitude. In general, the ground near the 

building (horizontal measurements) is the most contaminated. The external surfaces of the 

building facing the ChNPP are generally more contaminated. Most of the time, the 
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contamination of the building’s external surfaces facing the ChNPP decreased going from lower 

floors to higher floors. However, when the building surfaces not facing the ChNPP are 

considered, the upper floors have a higher contamination than lower floors.  

 

CONCLUSIONS 

 

 National and international organizations have addressed the possible use of nuclear or 

radiological materials by extremists. Several studies have attempted to help address the 

remediation issue by modeling radiation exposures in contaminated urban environments; 

however, this type of modeling is still quite undeveloped compared with other types of 

assessment models. In addition, data on urban contamination, decontamination, and 

countermeasures are still needed for model verification and validation. This study focused only 

on one aspect of this major issue: vertical contamination on tall buildings. Some of the study’s 

results indicate that the upper floors are more contaminated than lower floors for the building 

side not facing the ChNPP; therefore, thorough decontamination should be considered for all the 

floors of tall buildings (not just lower floors). Even though its results are preliminary, this study 

may be a starting point for more elaborate studies involving various contaminated tall buildings 

and structures in Pripyat at various distances from the ChNPP. 

 

Acknowledgments - The authors would like to thank Mr. Kurt Gerdes for his support of the U.S. 

Department of Energy Office of Environmental Management’s international cooperative 

program with IRL. The authors would also like to thank Mr. Jason Davis (SRNL Records and 

Document Control) for his help with the development of graphical representations and Mrs. 



Farfán et. al. (Beta Flux Assessment - Pripyat) 9

Tatyana Albert for translating documents and reports prepared at IRL. This research was 

supported by the SRNL’s Laboratory Directed Research and Development program in 

conjunction with work accomplished under contract No. DE-AC09-08SR22470 with the U.S. 

Department of energy. 

 

Disclaimer - Mention of trade names or commercial products does not constitute endorsement or 

recommendation for use by the authors or their corresponding organizations. 

 

REFERENCES 

Baryakhtar VG, Bondarkov MD, Gaschak SP, Ivanov YuA, Arkhipov NP. The radioecology of 
an urban landscape, using the example of Pripyat. Environmental Sciences and Pollution 
Research Special Issue #1. P.:63–72; 2003. 

Brown J, Andersson KG, Jones JA, Meckbach R, Müller H, Roed J. Requirements of future 
models for inhabited areas. J of Environ Radioactiv 85:344–360; 2006. 

Farfán EB, Jannik GT, Marra JC, Coughlin DP. International Radioecology Laboratory - 
Chernobyl Center: report assessments: part I. Savannah River National Laboratory 
Report: SRNL-STI-2008-00487; 2008. 

Hoffman FO, Thiessen KM. Use of Chernobyl data to test predictions and uncertainty estimates 
from exposure assessment models. In: Environmental impact of radioactive releases. 
Proceedings of an International Atomic Energy Agency symposium. Vienna: 
International Atomic Energy Agency; IAEA-SM-339/20; 1995: 325–336. 

International Atomic Energy Agency. Fact sheet: inadequate control of world’s radioactive 
sources [online]. Vienna: IAEA; 2002a. Available at: 
http://www.iaea.org/NewsCenter/Features/RadSources/rads_factsheet.pdf. Accessed 5 
April 2010. 

International Atomic Energy Agency. Press release: radiation sources secured in Afghanistan 
[online]. Vienna: IAEA; 2002b. Available at: 
http://www.iaea.org/NewsCenter/News/2002/afgan_wrap.shtml. Accessed 5 April 2010. 

International Atomic Energy Agency. IAEA Illicit Trafficking Database (ITDB) fact sheet 
[online]. Vienna: IAEA; 2009. Available at: http://www-
ns.iaea.org/downloads/security/itdb-fact-sheet-2009.pdf.  

 Accessed 5 April 2010. 
Public Broadcasting Service. NOVA. Science Programming on Air and Online. Dirty bomb 

[online]. PBS; 2003. Available at: 
http://www.pbs.org/wgbh/nova/dirtybomb/chrono.html. Accessed 5 April 2010.  

Thiessen KM, Hoffman FO, Rantavaara A, Hossain S. Environmental models undergo 
international test: the science and art of exposure assessment modeling were tested using 
real-world data from the Chernobyl accident. Environmental Science & Technology 31 



Farfán et. al. (Beta Flux Assessment - Pripyat) 10

(8): 358A–363A; 1997. 
Thiessen KM, Napier BA, Filistovic V, Homma T, Kanyár B, Krajewski P, Kryshev AI, 

Nedveckaite T, Nényei A, Sazykina TG, Tveten U, Sjöblom KL, Robinson C. Model 
testing using data on 131I released from Hanford. J. Environ. Radioactiv. 84, 211–224; 
2005a. 

Thiessen KM, Sazykina TG, Apostoaei AI, Balonov MI, Crawford J, Domel R, Fesenko SV, 
Filistovic V, Galeriu D, Homma T, Kanyár B, Krajewski P, Kryshev AI, Kryshev II, 
Nedveckaite T, Ould-Dada Z, Sanzharova NI, Robinson C, Sjöblom KL. Model testing 
using data on 137Cs from Chernobyl fallout in the Iput River catchment area of Russia. J 
Environ Radioactiv 84:225–244; 2005b. 

Thiessen KM, Batandjieva B, Andersson KG, Arkhipov A, Charnock TW, Gallay F, Gaschak 
SP, Golikov V, Hwang WT, Kaiser JC, Kamboj S, Steiner M, Tomás J, Trifunovic D, Yu 
C, Zelmer RL, Zlobenko B. Improvement of modelling capabilities for assessing urban 
contamination: the EMRAS Urban Remediation Working Group. Applied Radiation and 
Isotopes 66:1741–1744; 2008. 

Thiessen KM, Arkhipov A, Batandjieva B, Charnock TW, Gaschak SP, Golikov V, Hwang WT, 
Tomás J, Zlobenko B. Modelling of a large-scale urban contamination situation including 
remediation alternatives. J Environ Radioactiv 100:412-421; 2009.  



Farfan et. al. (Beta Flux Assessment - Pripyat)                                                 Figure Captions and Footnotes                                                                                             

Figure Captions: 
 
 

Fig. 1  -  The City of Pripyat, Ukraine. The borders of Pripyat are 2.5–5 km away from 

the destroyed ChNPP Reactor Unit Number 4.  

Fig. 2 -  Initial radioactive fallout in the City of Pripyat, Ukraine after the 1986 ChNPP 

accident (1992 aerial gamma survey). Provided by the Chernobyl Center, 

Slavutich, Ukraine. 

Fig. 3 -  Building where measurements were made, Pripyat, Ukraine. a) Southeast side of 

the building (Transection G facing ChNNP). b) Aerial view depicting the seven 

transections. Transections A, B, C and G face ChNNP.  

Fig. 4 -  Measurement points for floors 1, 2, 4, 6, and 7 inside each window recess (A: 

vertical surface, B: horizontal surface) at the study location in Pripyat, Ukraine. 

Fig. 5 -  Ratio of beta particle flux on the ground level to the mean beat flux for 

horizontal and vertical surfaces along the seven transections at the study location 

in Pripyat, Ukraine. Transections A, B, C, and G face the ChNNP. 
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Footnotes (Text): 

*  Savannah River National Laboratory, Aiken, SC 29808, USA 
†  Chernobyl Center for Nuclear Safety, Radioactive Waste and Radioecology, 

International Radioecology Laboratory, 07100, Slavutych, Ukraine 
‡  Centers for Disease Control and Prevention, Atlanta, GA 30333, USA 
§  Orphaned radioactive sources is a term used to denote radioactive sources that are 

not under official regulatory control. Orphan sources are a common occurrence in the 
republics of the former Soviet Union. Even the U.S. Nuclear Regulatory Commission 
reports that U.S. companies have lost track of more than 1,500 radioactive sources 
since 1996 and more than half were never recovered. A European Union (EU) study 
estimated that up to 70 sources are lost from regulatory control in the EU every year. 
A European Commission report estimated that more than 30,000 abandoned sources 
in the EU are held at the users' premises almost unprotected, thus putting these 
sources at risk of being lost from regulatory control (IAEA 2002a). 

**  Official Web site of the ChEZ Administration: http://www.ic-chernobyl.kiev.ua/ 
††  IAEA’s EMRAS II Web site: http://www-

ns.iaea.org/projects/emras/emras2/default.htm 
‡‡ Chernobyl Center for Nuclear Safety, Radioactive Waste and Radioecology: 

http://www.chornobyl.net/en/ 
§§    MKS-01R-01 (or MKC-01P-01 in Russian) is a universal dosimeter for measuring 

alpha, beta, gamma, and neutron radiation. It is commonly used in the Russian 
Federation and republics of the former Soviet Union. It can be obtained from Metra 
Telekom: http://www.priborkip.ru/pribor26737.html. 

*** BDKB-01R (or БДКБ – 01P in Russian) is a detection unit for beta flux 
measurements. It can be obtained from the Nuclear.Ru (Nuclear Site): 
http://www.nuclear.ru/rus/production/10/?from=180. 

 



 

Table 1. Detector BDKB-01R characteristics. 

Type of 

radiation 

Measured value Measurements 

range 

Power range for the 

measured radiation 

Total error, 

% 

Beta Beta flux, 

particles cm
-2

 min 

1 – 10
5
 0.3 – 3 MeV of the 

maximum value of the 

beta spectrum energies 

±20 

Gamma Equivalent dose 

rate, µSv h
-1

 

0.1 – 10
4
 0.125 – 1.25 MeV ±20 
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