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ASSESSMENT OF AEROSOL RADIATION ENVIRONMENT IN SHORT-RANGE REGION
OF ChNPP DURING BUILDING OF THE NEW SAFE CONFINEMENT

Variability of *'Cs volume activity in a subsurface layer of the atmosphere of a short-range region of the
object "Shelter" (object "Ukryttya™) during the works on building of a new safety confinement in 2016 was investigated.
Influence of the type and location of works, weather conditions, and sampling points was shown. Excess of medial
permissible concentrations of **’Cs in the air was not fixed during the observations. However, due to the averaging of
the measured values of the volume activity for the exposure time of the filter and use of the stationary aerosol samplers,
it cannot ensure the absence of excess of the permissible concentrations at the locations of works and on the propagation
path of the local emission plumes. In 2016, as well as in 2013 - 2015, high levels of *’Cs volume activity in the air
were preferentially localized near to the machine hall of the 4th block and near to the places of ground works at the
industrial site [1]. Concurrently the levels of volume activity essentially grew (practically by the order of magnitude)
due to the intense works on the machine hall transformation. The conservative estimation of volume activity of isotopes
of the plutonium, executed in the assumption of fuel composition of hot particles, showed the presence of substantial
excess of permissible limits even for the average values within, at least, four weeks. Absence of reliable correlation (R =
-0.09) of *¥'Cs volume activity in the air near to the machine hall and near to the aerosol sampler 1,4 km remote from it
testifies the localization of pollution within the industrial site.

Keywords: object "Shelter" (object "Ukryttya™), building of a new safe confinement, specific activity of air,
autoradiography, dissolution kinetics in a pulmonary fluid.

Building of a new safety confinement (NSC) is one of the basic stages of transformation of the 4th
power-generating unit of the ChNPP into the ecologically safe system [2]. During the construction and run
time of a complex of operations on the industrial site, on the object "Shelter" (preferentially the machine hall
of the 4th block) and on the adjoining territory some air-spraying of accumulated radioactive materials and
formation of the radioactive aerosols take place. Presence of such anthropogenic sources of radioactive
aerosols of variable intensity and duration in the combination with the variability of meteorological
conditions can substantially influence the radioaerosol situation near to the object "Shelter".

Inhalation ingress of radionuclides in the organism is one of the main radiation-damaging factors on
the personnel working at the site and in the local zone of the object "Shelter". According to the published
data of ISP NPP [3 - 5], the average levels of aerosol contamination in the short-range zone of the ChNPP do
not exceed the acceptance limits (60 Bk/m® for **'Cs [6]), however their peak levels during the run time of
some types of operations can get out of these limits [1, 7].

The purpose of this paper is to investigate the impact of different types of building and erecting
operations during the building of the NSC and weather conditions during their conducting on the formation
and extension of radioactive aerosols in a short-range zone of the object "Shelter".

Materials and procedure of operational measurements

Under the program of radiation pollution control of a surface layer of the atmosphere near to the
object "Shelter" in the continuous regime four filter-ventilator units (FVU) have been working: FVU-1
“Wentmeca”, located on the east side of SV-1430 approximately in 500 m from the southwest angle of the
machine hall; FVU-2 "Typhoon", with 1,4 km removal, near the administrative building (AB) of the object
"Shelter"; a FVU-3 "Grad-1.8" located directly near the southern wall of the machine hall and FVU-4 -
"Grad-1.0" located on the North side of 4th block (Fig. 1). FVU technical specifications are presented in the
Table 1. Material of F\VVU filters is presented by Petryanov fabric, periodicity of filters change - 7 days.

For the discussion of weather environment there were used data from the minimeteorological station
owned by ISP NPP of NAS of Ukraine CR-10 mounted on the roof of an administrative building. The basic
meteorological parameters (direction and velocity of wind, temperature, relative air humidity, precipitation)
were averaged and saved for 10-minute intervals.

Measurements of **’Cs gamma-ray activity of the exposed air filters were made by the means of a
semiconductor spectrometer of corporation ORTEC.
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Kinetics of dissolution of the hot aerosol particles in the Gamble simulator of human lung fluid was
investigated using the procedure presented in [1, 7, 8], Gamble simulator composition is presented in the
same papers.

Table 1. The basic technical specifications of FVU

EVU performances FVU-1 FVU-2 FVU-3 FVU-4
P “Wentmeca”| “Typhoon” “Grad-1.8” “Grad-1.0”
Sampling altitude, m 1,0 2,5 1,8 1,0
Productivity, m/h 300 4500 450 450
Filter area, m’ 0,36 0,78 0,56 0,56
\ ’ﬁ FVU-2 “Typhoon”
N
FVU-4 “Grad-1,0”
+
S —
1
FVU-1 “Wentmeca”
FVU-3 “Grad-1,8”
sv-1430[ 1 ) : -
 «Berm»
Fig. 1. The FVU location map in a short-range region of the object "Shelter"":
|:| - basic (1) and auxiliary (2) industrial sites;
% - zone of dismantling of the roof of machine hall.

Results and discussion

Dynamics of air volume activity in the subsurface layer of the atmosphere near to the object
"Shelter" is shown on Fig. 2. It is possible to clearly separate a few periods with heightened volume activity
of ¥'Cs in the air on this figure. It is necessary to note a substantial (almost by the order) increase of the
specific activity in comparison with registered in 2013 - 2015 [1]. The basic sources of the aerosol ejections
(operations on dismantle of the roof and equipment, open surface of the machine hall, excavation works that
reveal surface soils strongly polluted during the crash) are in most cases concentrated in the 10 - 50 m area
from FVU-3.

Synchronous recording of some peaks of volume activity by various FVU can be found on the Fig. 2.
It can be explained with use of the directions and forces of winds acting during the exposure time.
Comparison of data on volume activity at the points of FVU location, meteorological data, types and
locations of conducted operations allows to correlated the observed peaks with the specified factors. So,
peaks 4-5 are caused by the active operations on the territory which borders on the southern wall of the
machine hall - platform "Berm". The refinement of the dismantled fragments of the machine hall
construction, their loading on transport and export were performed during that period of time. There were
also conducted the preliminary operations for the foundation lying under the eastern face in the eastern
section of the machine hall. Peak 6 corresponds to the formation of “eastern” opening in the eastern section
of the machine hall, essential for the construction of the face wall of NSC. Active operations on a extraction,
cutting and export of a considerable quantity of constructions fragments were conducted on this territory.
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Fig. 2. Dynamics of *'Cs volume activity in the shallow layer of the atmosphere near to the object "Shelter".
A - FVU-1 “Wentmeca”; B - FVU-2 "Typhoon";
C - FVU-3 "Grad-1.8"; D - FVU-4 "Grad-1.0".
The vertical line corresponds to an expiry date of movement of the object "Arch", horizontal -
maximum concentration limits for plutonium [1]

Strong gusts of S-SW wind (8 +15 m/s) and dust whirlwinds were observed here with the open roof of the
machine hall. Peaks 9 - 11 were registered during the building of the east face wall and works on removal of
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fragments of constructions. Wind is western and northwestern; peak 10 corresponds to western wind gusting
to 15 m/s, whirlwinds on the platform "Berm".

Table 2 presents the coefficients of correlations between specific activities of **'Cs in the air near the
stationary aerosol samplers and some meteorological parameters. Negative values of the correlation
coefficients between the volume activity at the sampling points and relative humidity of air testifies the
substantial role of this meteorological parameter in the inhibition of radioactive aerosols formation. Table 2
shows also the presence of reliable correlations between the volume activities of **’Cs in the air near various
FVU. These correlations can be caused by the presence of matching links, i.e. they can testify the overlap of
the areas of several aerosol samplers by the cloud of radioactive aerosol, or by the cooperative effect of
meteorological factors. In order to distinguish these effects there were estimated the coefficients of pair
partial correlations between specific activities in the areas of aerosol samplers location, the values of these
coefficients are presented in the Table 3.

Table 2. Correlation relationships between the specific activities of **'Cs
in the air near the stationary aerosol samplers and some meteorological parameters

FVU-1 | FVU-2 | FVU-3 | FVU-4 | Humidity Rainfall
FvU-1 1,0 0,32* 0,51 0,91 -0,29 -0,24
FVU-2 0,32 1,0 0,06 0,49 -0,24 -0,21
FVU-3 0,51 0,06 1,0 0,42 -0,48 -0,27
FvU-4 0,91 0,49 0,42 1,0 -0,16 -0,19
Humidity -0,29 -0,24 -0,48 -0,16 1,0 0,52
Rainfall -0,24 -0,21 -0,27 -0,19 0,52 1,0

*The Bold type is used for the coefficients of correlation with confidence probability p > 0.95.

Table 3. Coefficients of partial correlations between the specific activities
of *¥'Cs in the air near the stationary aerosol samplers

FVU-1 FVU-2 FVU-3 FVU-4
FVU-1 1,00 0,26 0,40* 0,90
FVU-2 0,26 1,00 -0,09 0,47
FVU-3 0,40 -0,09 1,00 0,35
FVU-4 0,90 0,47 0,35 1,00

The reliable levels of partial correlations presented in the Table 2, testify the close relationship
between the levels of volume activity near the closely-spaced FVU 1, 3 and 4 that in some cases testifies the
overlap of territory of location of these three FVU by the aerosol clouds generated near the FVU-3. At the
same time the absence of reliable correlation between specific activities near the FVU-3 and FVU-2 (located
1,4 km away) testifies that radioactive aerosol clouds remained localized within a short-range region of
building. Small distances of transport are caused, apparently, by the fact that this radioactive aerosol contains
a considerable quantity of relatively large fuel particles with aerodynamic diameters of tens and the first
hundreds of microns which are responsible for the significant amount of specific activity. As it is known [9,
10], particles of such sizes quickly fall out on an underlying surface. Fig. 3 presents autoradiographs of the
air filters for the period 30.08. — 9.06.2016 (peak 11). They illustrate substantial decrease of number of large
"hot" particles on the filters FVU-1 and FVU-4 in comparison with FVU-3.

During our observations in all air sampling points there was not observed any exceeding of the
permissible **'Cs concentrations for the air of working area of the A class personnel - 60 Bg/m® [6].
However, as it has already been presented in the paper [7], the conducted measurements cannot guarantee the
absence of exceeding directly near to the place of operations or along the propagation path of the torch of
emission. Besides that, the long time of averaging during the samples taking (5 - 7 days) substantially
smoothed separate transient local emissions of radioactive aerosols during the works in a short-range regions.
Considering all this circumstances, it is necessary to recognize that there is a probability of transient
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exceeding of permitted **’Cs concentrations in the air directly near to the work location in the short-range
region of the object "Shelter".

It is necessary to note that the basic radiological hazard for territory near to the object "Shelter" is
presented by the total impact of the main remaining radionuclides - °°Sr, **'Cs, #***%Pu. Some estimations of
the 2*?*%Pu volume activity in our samples can be made using the level of **'Cs. As it was presented in
papers [11, 12], there are observed substantial differences in the isotope composition and properties of large
and small "hot" particles. *'Cs/**?*°Pu ratio for large particles fluctuates near the mean value for the
irradiated fuel and has magnitude of the order 60. At the same time, small "hot" particles can be intensively
enriched with **’Cs. For example **’Cs/?***%y ratio presented in [11] for such particles exceeds the average
value for fuel more than 20 times. Unlike the particles with fuel composition, **’Cs from low-active cesium
particles can be quickly dissolved in the simulants of human lung fluid [8, 11, 12].

In order to study the kinetics of **’Cs dissolution in the stimulant of the lung fluid there were selected
the fragments of the filters exposed on installation F\VU-3 prior to the beginning (a fragment 1) and during
the active operations on the machine hall transformation (fragments 2 and 3). Exposure dates of the filters,
registered *’Cs volume activity in the air and part of instant **’Cs are presented in the Table 4.

Table 4 shows that the part of instant **’Cs during an active phase of building does not exceed 10 %
that allows to accept the relationship **’Cs/Pu ~ 60, that corresponds medial fuel composition, as a
conservative estimation for the observed radioactive aerosols. So far as level of ****Pu permissible
concentrations for the air of working area for the personnel of 4 class is 0,03 Bg/m?® [6], it is necessary to
accept the level of *'Cs activity near to object "Shelter" equal to ~ 1,8 + 2 Bq/m’ as the critically allowed.
This level is marked by horizontal line on the Fig. 2. It can be seen that during the time of building works
there was observed substantial exceeding of the allowed level for the plutonium isotopes, even for average
values of a specific activity, at least during four weeks from this figure.

Table 4. The part of instant **’Cs in the fragments of air filters

No . B37Cs Volume B7Cs Activit Fraction of
fr[a\lgomc:cnt of Exposure tlme. _ activity in thse air, | of fragment,y instant **'Cs,
peak Start Finish mBg/m Bg %
1 No 22.03.2016 29.03.2016 160 27,9 18,7
2 1 05.04.2016 12.04.2016 1000 147 9,8
3 6 21.06.2016 05.07.2016 1900 771 6,8

82

ISSN 1813-3584 IIPOBJIEMU BE3IIEKM ATOMHUX EJIEKTPOCTAHLIIN I YOPHOBHMJIA 2017 BHIL. 29



ASSESSMENT OF AEROSOL RADIATION ENVIRONMENT

Conclusions

The measurements of **'Cs volume activity in the air of the short-range region of the object "Shelter"
made throughout 2016 testify that:

3’Cs volume activity in the air correlates with an type, intensity and a location of works, and
meteorological conditions during their performance;

the largest intensity of radioactive aerosols generation was observed during the operations on
transformation of the 4th block machine hall and earth-excavation with opening of the polluted buried
stratums. The formed radioactive aerosol clouds remained localized within the short-range region of building
zone;

the exceeding of **’Cs permissible concentrations in the air was not registered during all time of
observations. However, it does not guarantee the absence of such exceeding at works location and along the
plume of local emission, because big time of averaging (5 - 7 days) intensively smoothes the separate
transient local emissions of radioactive aerosols;

the conservative estimation of plutonium isotopes volume activity, conducted on the assumption of
the fuel composition of hot particles, displayed presence of the substantial exceeding of permissible levels
even for the averaged values, at least, within four weeks;

after the end of mounting of object "Arch" there was observed a substantial reduction of **'Cs
volume activity in the air of a short-range region.
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Tuemumym npobnem b6esnexu AEC HAH Yxpainu, eya. Kipoesa, 36a, Yoproouns, 07270, Yrpaina

OLIIHKA AEPO30.J1bHOI PAJIALIIHOI OBGCTAHOBKH Y BJIMKHII 30HI YAEC
M1 YAC BYJIBHUIITBA HOBOT'O BE3NEYHOI'O KOH®PAMHMEHTA

JlocrmipkeHo MiHIHBiCTh 06'eMHOT akTHBHOCT] *'CS y IPH3eMHOMY mapi aTMocdepn GIIKHBOI 30HH 06'ekTa
«YKpHUTTS» MJ Yac TPOBEACHHA POOIT 3i cropypkeHHS HoBoro OesmedHoro koHpaitHMeHTa y 2016 p. [Ipomemon-
CTPOBAHO BIUIMB BHJY Ta MICII IPOBEAEHHS POOIT, METEOPOJIOTIYHUX YMOB, a TaKOX Micus BinOopy npoO. 3a yac
CrocTepexens He 3a(iKCOBAHO MEPEBHIICHHS CEPEIHIX TOMyCTHMIX KOHIEHTpamii ' Cs B moBiTpi. OQHAK yHACTIZOK
yCepeaHeHHsI BUMIPSHUX 3HaueHb 00'€éMHOT aKTHBHOCTI 32 4acOM €KCHO3UIIil (ibTpa Ta BUKOPUCTAHHS CTalliOHAPHUX
npoOOBiAOIPHUKIB JaHUH (akT HE MOKE rapaHTyBaTH BIJICYTHICTh NEPEBHUIICHb y MICISIX NMPOBEAEHHA POOIT 1 1o
HUIAXY NOMKpeHHs (akeniB JokanbHUX BUKHAIB. Y 2016 p., sk 1 B 2013 - 2015 pp., BUCOKI piBHI 00'€éMHOI aKTUBHOCTI
Y37Cs B noBitpi GynH mepeBaxHO JTOKATI30BaHI MOOGIM3Y MALIMHHOTO 3a1y 4-ro Goka Ta Gits MICIb IPOBEICHHS
3eMIITHEX poOIT Ha mpomucioBoMy MaimaHuuky [l]. Ilpm mpomy cami piBHI 00'€eMHOi aKTHBHOCTI iCTOTHO 3pOCIH
(IpakTHYHO Ha MOPSIOK) y 3B'SI3KY 3 IHTCHCHBHHMH POOOTaMH IO TpaHchopManil MamuHHOro 3any. KoHcepBaTHBHA
OIliHKa 00'€MHOI aKTUBHOCTI i30TOMIB IUIYTOHIIO, BUKOHAHA Yy TPUITYIICHHI MaJUBHOTO CKJIAIy TapsSYuX YacTHHOK,
NOKa3aja HasBHICTh ICTOTHHUX IEPEBUIICHb NOMYyCTHMHX PIiBHIB HABiTh M YCEPEIHCHHX BEIHYUH, Y KPaHHbOMY
BHIIA/KY, MPOTATOM YOTHPHOX TIDKHIB. BizcyTHicTs mocToBipHOi Kopemsuii o6'eMHoi akTiBHOCTI ' Cs B TOBITpi
no0aM3y MalIMHHOTO 3aiy Ta Oins BimmaneHoro Big Hporo Ha 1,4 kM mpobGosinbipauka (R = -0,09) cBiguuts mpo
JIOKaJTi3aIlifo 3a0pyaHEeHb Y MEKaX MPOMHUCIOBOTO MaiTaHIHKa.

Kmiouosi crosa: 00'€ekT «YKPUTTs», OYAIBHUIITBO HOBOTO Oe3MedHOro KOH(aiHMEHTa, 00’€MHAa aKTUBHICTH
HOBITPs1, aBTOpaaiorpadisi, KiIHeTHKa PO3ZYMHEHHS B JIETCHEBIHN PiIUHI.

E. K. I'aprep, B. K. lllunkapenko, B. A. Kamnyp, I'. I'. Cxopsk, A. K. Kanunosckuii
HUnemumym npobaem 6esonacnocmu ASC HAH Yxpaunwl, yn. Kuposa, 36a, Yepnobwinw, 07270, Yrkpauna

OIIEHKA ABPO30JbHOM PATMAIIMOHHON OBCTAHOBKH B BJINKHEM 30HE YADC
BO BPEMSI CTPOUTEJILCTBA HOBOT'O BE3OITACHOTI'O KOH®AMHMEHTA

VccreioBaHa M3MEHYMBOCTh OGBEMHOM aKTHBHOCTH ~'CS B HPU3EMHOM cl1oe aTMoc(eps! OMIKHEI 30HBI
00BeKTa «YKPBITHE» BO BpEeMs MPOBEICHHS PabOT MO COOPYXKEHHIO HOBOro Oe3omacHoro koxgaiinmenta B 2016 T.
[IponeMOHCTPUPOBAaHO BIMSIHWE BHAA M MECTa INPOBEICHHs pabOT, METEOPOJIOTHYECKHX YCIOBHH, a TaKke MecTa
otGopa mpo6. 3a BpeMst HAGIONCHNUIT He 3a(HKCHPOBAHbI PEBBIIICHHS CPEIHUX IOMYCTHMBIX KOHIEHTpamui > CS B
Bo3yxe. OIHAKO BCIEICTBHE YCPEIHEHHsI M3MEPEHHBIX 3HAaYeHUH OOBEeMHOW aKTUBHOCTH IO BPEMEHH AKCIIO3HIIUH
(uIbTpa M MCIOIB30BAHMS CTALIMOHAPHBIX MPOOOOTOOPHMKOB NAaHHBIM (DAKT HE MOXKET rapaHTHPOBATH OTCYTCTBHE
NPEBBIICHUH B MECTaX MPOBEAEHHS PabOT U 110 ITyTH paclpocTpaHEeHus (hakesIoB JOKaIBHBIX BEIOpocoB. B 2016 r., kak
u B 2013 — 2015 rr., BBICOKHE YPOBHH 00BEMHOI aKTHBHOCTH — CS B BO3/IyXe OBUIM PEUMYIIECTBEHHO JIOKAIN30BAHEI
BOJIM3M MANIMHHOTO 3aia 4-ro 6JI0Ka U OKOJIO MECT MPOBEACHUS 3eMISIHBIX paboT Ha TPOMBINUICHHOM mromake [1].
IIpu sToM camu ypOBHM OOBEMHOW AKTHMBHOCTH CYIIECTBEHHO BBIPOCIHW (TIPAKTHYECKH HA IOPSJOK) B CBSI3U C
MHTEHCUBHBIMH paboTaMy 1O IMpeoOpa3oBaHUIO MAIIMHHOTO 3ayia. KoHcepBaTHBHas oleHKa OOBEMHOW aKTHBHOCTH
M30TOIOB IUTYTOHHS, BBITIOJIHEHHAs! B TPENNOJIOKEHUH TOIUIMBHOIO COCTaBa TOPSYMX YacTHIl, TOKa3zaja HaJudue
CYIIECTBEHHBIX MPEBBILICHNI JIOMYCTUMBIX YPOBHEW Jaxke JJsi YCPEJHEHHBIX BEJIMUYWH, 0 KpailHel mepe, B TedeHHe
geThIpex Heenb. OTCYTCTBHE JOCTOBEPHON KOPPE/SIHH 00hEMHOI aKTHBHOCTH ~-'CS B BO3[yXe BO3JE MAILIHHHOIO
3aja ¥ BO3JIE yJIaJICHHOro OT Hero Ha 1,4 kM mpob6ootdopuuka (R =-0,09) cBuaeTenscTBYET O JIOKalM3alUK 3arpsi3-
HEHUi1 B IpeJiesiaX IPOMBIIIJIEHHOH IUIONIa/IKH.

Kniouegvie cnosa: 00beKT «YKpBITHE», CTPOMTEIHCTBO HOBOTO 0O€30HacHOrO KOH(aWHMEHTa, oObeMHas
AKTHBHOCTH BO3/lyXa, aBTOpaauorpadus, KHHETHKA PACTBOPEHHUS B JIETOYHOM JKUIKOCTH.
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