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Radionuclide composition, volumetric activities, radionuclide deposition densities and
dispersity of aerosols sampled in 2019-2022 in rooms 012/7, 012/15, 210/7, and in 2017-
2022 in room 304/3 of the Shelter object are presented, where lava-like fuel-contain-
ing materials (LFCM) penetrated after the accident. It was stated that activity median
aerodynamic diameter of carriers of radioactive products of accident in rooms 012/7,
012/15 and 210/7 increased significantly over the past 8-10 years and reached 10 pm. It
evidences their dispersion origin. The availability of transuranium elements in radio-
nuclide composition of aerosols in all rooms in the ratios that are close to similar ones
in the LFCM shows that the aerosols arose as a result of lava degradation. Substantial
enrichment of aerosols in rooms 304/3 by *’Cs as well as **’Cs and *°Sr - in rooms 012/7,
012/15, and 210/7 relatively to lava compositions indicate the presence of two sources
more influencing radionuclide composition of aerosols. It is confirmed by the values
of parameters of disperse composition of aerosols.

Introduction

The lava-like fuel-containing materials (LFCM) in-
corporating a large amount of nuclear fuel and radioactive
fission products were formed during the first days after
the Chornobyl NPP accident in 1986. The lava produced
several horizontal and vertical flows and penetrated, in par-
ticular, into the lower rooms of destroyed building of power
Unit 4 (fig. 1). The “large vertical flow” reached sub-reac-
tor room (mark 9.0 m), room 210/7 of Steam Distribution
Corridor (6.0 m), and rooms 012/15 and 012/7 of Pressure
Suppression Pool (3.0 and 0.0 m, accordingly) [1].

Stiffened lavas represent nuclear, radiation and ra-
dioecological hazards. According to expert estimates,
the LFCM contain from 60 to 110 tons of irradiated fire,
i.e. 32-58 % of initial fuel loaded into the reactor [2]. This
behavior is not sufficiently studied and cannot lead to

a good forecast. The evidence of LFCM degradation,
which was proven in work [3], is radioactive aerosol and
radionuclide depositions in the rooms, where lava accu-
mulations were localized.

The researches of 2010-2014 in sub-reactor rooms
of the Shelter object [3-5] showed that due to lava degra-
dation, spontaneous transition of degradation products
in aerosol state is observed. In addition, the amount of ra-
dioactive aerosol, which is a product of LFCM degrada-
tion, depends on the lava type.

On November 29, 2016, the Arch of the New Safe Con-
finement (NSC) was installed in its design position over
the Shelter object. The NSC creation resulted in the chang-
es of temperature-moisture mode inside the object, and
in gradual drying of water accumulations and drop in air
humidity in its rooms. It contributes in dust resuspension,
including from LFCM surface, and in generation of dust
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Fig. 1. LFCM accumulations and lava-flow direction

by bottom sediment surfaces produced as result of drying
of radioactively contaminated water accumulations.

The researches in sub-reactor rooms of the Shelter
object conducted in 2017-2018 [6-8] demonstrated that
spontaneous transition of LFCM degradation products
in aerosol state has decreased. Because of the above,
the values of volumetric activities of radionuclides turned
out to be lower as compared to the results of 2010-2014 in-
vestigations.

In 2019-2022, the work to research the behavior
of radioactive aerosols in sub-reactor rooms of the Shelter
object was continued. The goal of work is to monitor
the dynamics of radioaerosol situation in the rooms,
where LFCM are localized, within the conditions of com-
missioning and operation of “New Safe Confinement -
Shelter object” complex.

Data on rooms and LFCM

In accordance with the Technological Regulations
of the Shelter object, rooms 012/7, 012/15, 210/7, and 304/5

are considered as “unattended” rooms. No works were
performed during investigation period in these and ad-
jacent rooms.

Room 012/7 is located on the lowest height mark
(0.0 m) of destroyed reactor building (Unit B). It
is a part of pressure suppression pool system (PSP-1)
of the Chornobyl NPP Unit 4. Its size is 6x72 m, and
the height is about 3 m. From the east and west, ad-
jacent rooms 012/6 and 012/8 are located, which are
similar in their configuration and building materials.
Between them, there are passages and technological
apertures, through which the access to different points
and air exchange are possible. Close attention is drawn
to room 012/7 after the 1986 accident is due to the fact
that this room appeared to be the lowest point reached
by “large vertical flow” of lava; it covered a distance
of approximately 10 m along the vertical from lava
formation area — room 305/2 [9, 10]. The lower rooms
of the Shelter object are the sites of origination of air
flows carrying radioactive aerosols to free atmosphere
through the technological apertures and untight sites
at the upper levels of the Shelter object and through
the Bypass system and Ventilation Stack. The lava accu-
mulation in room 012/7 has elliptical shape in the plan
with the longitudinal axis length of ~3 m and latitudi-
nal axis length of ~2 m [10]. The largest height of this
accumulation in the dome is ~0.8 m. The lower part
of accumulation (~0.3 m) is covered with concrete that
came here in 1986 in the course of erection of cascade
wall of the Shelter object. In the experiments on dust
suppression and LFCM localization in March 2000,
southern part of accumulation was coated with a layer
of EKOR-25MM organosilicon compound 1-3-cm thick
[9]. Therefore, fully open horizontal projection of LF-
CMs is about 2.5 m?. The lifetime of coating is expected
to be about 100 years. According to expert estimates,
this accumulation, called as PSP-1“heap”, contains
1.0 + 0.5 t of uranium [9].

Room 012/15 is located at height mark 3.0 m and
is a part of pressure suppression pool system (PSP-2).
The lava flew here along the steam-discharging pipes
from room 210/7. The LFCM accumulation called as PSP-
2 “heap” [9] is located between the axes 47*'°° - 48
and rows I , = —J.Its northern edge in the course of the
Shelter object erection was covered with the concrete
and formed around 0.7-m layer over the floor. The sur-
face of accumulation is covered by around 0.1-m thick
pumice-like layer. The LFCMs are also present in five,
0.28 m in diameter, steam-discharging pipes, through
which the lava penetrated into room 012/15.
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According to [10], the volume of PSP-2 “heap”
is23 £ 6 m’. Having brown ceramic density of 2.14 +0.34t m™
and uranium content of 9-13 %, the total uranium amount
in the “heap” is close to 3 t.

Room 210/7 and adjacent rooms 210/5, 210/6, 210/8,
and 208/12 are the parts of Steam Distribution Corridor
(SDC) system. The SDC area is about 630 m?. The floor
is located on mark 6.0 m, and the ceiling, on 8.0-m
mark. Until 2018, there was a water accumulation in the
southern part of SDC room, which washed out the soles
of southern slopes of the lava. Room 208/12, in which
sampling equipment was installed, is always dry.
The LFCM came into rooms 210/6 and 210/7 through
third and fourth steam-discharging valves from south-
eastern and southwestern parts of room 305/2. Through
the other valves, “fresh” concrete flew to these room
in the course of the Shelter object erection. The total
LFCM volume in SDC is about 58 m? [10]. The uranium
amountis 12 + 6 t.

Rooms 305/2 and 304/3 played the key role in form-
ing and spilling lava flows (see fig. 1). The reactor base
on which the reactor cavity rests is located in room 305/2.
Before the accident, the upper height mark of both rooms
corresponded to +9 m, and the lower mark, to +12 m.
After reactor explosion, due to catastrophic destruction,
Central Hall, rooms 504/2, 305/2, 304/3, and rooms 303/3,
301/5 and 301/6, became a common space for air exchange
and aerosol transfer.

Because of high exposure dose rate (EDR) values
and collapse of structures, rooms 305/2 and 304/3 re-
main insufficiently investigated. The main data on LFCM
amount and location are based on the results of drilling
works, measurements of neutron and thermal fluxes, and
on examination with video cameras [9-12]. According
to the calculations [9], there are about 80 t of uranium
in room 305/2 and about 6 t of uranium in room 304/3.

Tools and techniques to monitor
radioactive aerosols

The aerosols were sampled by H810 SAIC blower
at about 100 L min™ rate. The 20-cm?stacks of Petrianov
filters, consisting of AFA RSP-20 and AFA RMP-20 layers,
were used. Two AFA filters ensured complete trapping
of aerosols.

The filters were placed as close as possible to LFCM
accumulations. For this, filtering funnel was installed
in room 012/7 directly on the sampler located at 1-m dis-
tance from southeastern edge of LFCM heap. In room
012/15, filtering funnel was connected to the sampler

using polypropylene pipe with 2-cm internal diame-
ter and 2-m length. In addition, the funnel with filters
were located at 5-m distance from northern end of LFCM
accumulation. In room 210/7, filtering funnel was con-
nected to the sampler using the same pipe, which was
introduced through the door opening into the area
of southern part of LFCM accumulation. Since there
was no access to room 304/3/2, the samples were taken
via the borehole B-12-76 drilled in room 304/3, by way
of connecting the sampler to casing pipe with 10-cm in-
ternal diameter and 2-m length.

The sampling of aerosol particles and their in-
size classification was made using 5-cascade impactor
IBF-5K. This device makes particle gradation on five rang-
es of aerodynamic diameter (AD): <0.5 um; 0.5-1.2 pmy;
1.2-3.7 um; 3.7-8.5 pum; 8.5-17.0 pm. As the fifth stage
(<0.5 um), finely dispersed filter was used, which allowed
more completely catching submicron-sized aerosols.
The sampling was held during 1-2 weeks.

The monitoring of radionuclide deposition density
was made in rooms 012/7 and 210/7. To define the densi-
ty of radionuclide deposition on the underlying surface,
plastic cuvette was used, at whose bottom the filter paper
was laid.

Near the sampling places in rooms 012/7, 012/15, and
210/7, temperature and relative humidity were measured
using Elitech RC4HA/C register and TH mini hygrother-
mometer with remote sensor of temperature-humidity.
In room 304/3, temperature and humidity were measured
in the borehole B-12-76.

Sample beta-activity was measured by the device
MKS-01R in 4-5 days, when daughter products of radon
and thoron completely decayed. As a result, total activity
was identified of long-existing beta-emitting nuclides —
Chornobyl accident products (Xp) in taken samples,
which include *°Sr + *°Y and *’Cs isotopes.

The next measurements of radioactive substances
were carried out at Canberra company gamma-spec-
trometer consisting of semiconductor detector GL2020R
with ultrapure germanium and 500-mkm thick beryl-
lium window, and 8192-channel amplitude pulse an-
alyzer. The measuring range covers the energies from
10 to 1 400 keV. The detector has 0.57 and 1.2 keV
resolution for 122 keV gamma-quanta energies (gam-
ma-line of ¥’Co) and 661.6 keV (gamma-line of '*Cs),
accordingly.

In aerosol and radionuclide deposition samples, af-
ter radiochemical separation, *°Sr activity was determined
by beta-radiometry, and the activities of »**Pu, #*****°Pu
and **Am - by alpha-spectrometry measurements.
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Concentration of aerosols carrying
the accident products

Room 012/7. Over 2019-2022 period, 35 aero-
sol samples and 10 samples of radionuclide deposition
on underlying surface, were taken in room. The results
of 2017-2018 survey period are presented in work [6].

As fig. 2 shows, in 2019-2022 volumetric activity (VA)
of ¥p was varying within the range of 0.15-7.2 Bq/m’,
and *'Am VA was varying within the range of 3.9 - 10 -
4.3-107Bq/m’. At the same time, trend line demonstrates
#1Am VA drop in room air in contrast to Y VA.
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Fig. 2. VA of aerosols carrying ¥ and *Am
in room 012/7 in 2017-2022

In line with radiometry and gamma-spectrometry
measurements of samples, *’Cs/¥p ratios in aerosols
during 2019-2022 was fluctuating from 0.16 to 0.74 under
mean value 0.4. In addition, correlation dependence of ra-
tio over time was not established. From obtained mean
value of ¥Cs/% follows that *’Cs input in Y3 made 40 %.

In most cases, increased aerosol VA was observed un-
der relatively low air moisture in the room, and decreased
VA coincided with times with high moisture value.

As fig. 3 shows, 2019-2022, ¥ deposition density
was varying within the range of 23-1,500 Bq/(m? - day).
Deposition density of ' Am was varying within the range
of 0.093-15 Bq/(m?*- day). Trend lines indicate a drop
in deposition density of ¥ and americium in this room.

During 2019-2022, ratios of '*’Cs/Xf in deposition
density was changing from 0.1 to 0.37 under mean value
0.23. Correlation dependence of ratio over time was not es-
tablished. From obtained mean value of '’Cs/X it follows
that *’Cs input in ¥p radionuclide deposition made 23 %.
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Fig. 3. Deposition density of ¥ and *'Am
in room 012/7 in 2017-2022

Aerosol and radionuclide deposition samples were
analyzed by radiochemical method. The analysis results
of most active in aerosol ¥ sampled on September 16,
2020, are shown below. The data shows that the ratio
of ¥7Cs/**! Am activities is equal to 62, at the same time,
relative standard deviation from mean value of annual
activities ratio made 43 %. The value of *"Cs/¥p activity
ratio made 0.21 under relative standard deviation from
mean annual value of this ratio made 47 %.

Content of radionuclides in aerosol in room 012/7, Bq/m?

BAEU et 7.9-10*
BBPU e 2.3-10°
BIAUOPU e 53.10°
ZUAM e 1.2-1072
S ©) s KU 2.2-10*
R 3.6

The analysis results samples are also shown with
highest in 2020 ¥ deposition density obtained when ex-
posing deposition collector from February 25 to July 11.

Deposition density of radionuclides in room 012/7, Bq/(m?- day)
9OSr

241Am
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Table 1. Radionuclide ratios in aerosols, depositions and LFCM in room 012/7

Object, year B7Cs/*' Am %Sr/*'Am HMAmM/Eu | 2 Am/P0Py | P040py /P8Py B7Cs/2p
aerosol, 2019 66 51 11 4.8 2.5 0.38
deposition, 2019 17 41 9.1 1.9 2.2 0.17
LFCM, 2019 8.9 15.8 9.6 2.0 2.3 0.22
aerosol, 2020 130 150 16 3.9 2.1 0.32
deposition, 2020 37 88 8.1 2.4 2.4 0.17
LFCM, 2020 8.8 15.6 10.4 2.0 2.4 0.22
aerosol, 2021 190 160 - 4.2 2.2 0.39
deposition, 2021 17 29 9.4 2.5 2.2 0.23
LFCM, 2021 8.7 15.4 11.2 2.0 2.4 0.22
aerosol, 2022 150 230 - 4.0 2.8 0.57
deposition, 2022 9.4 16 14 2.9 2.2 0.37
LFCM, 2022 8.6 15.2 12.1 2.0 2.4 0.22

In table 1, mean annual values are shown of ratios
of nuclide activities in aerosol samples and density of ra-
dionuclide deposition sampled during 2019-2022, and
analogous radionuclide ratios in LFCM of room 012/7.
The data on radionuclide composition in LFCM within
sub-reactor rooms were obtained from database of Nu-
clear and Radiation Safety Division of the Institute for
Safety Problems of Nuclear Power Plants of the National
Academy of Sciences of Ukraine.

The data presented in table 1 testify that in 2019-2022
period, the ratio of radionuclides in aerosols and LFCM
of room 012/7 differed substantially due to aerosol en-
richment by ¥’Cs and *°Sr relatively to **'Am, which
in 2010-2011 was not observed [3]. At the same time,
over time the aerosol enrichment by cesium and stron-
tium is growing. One should also note that americium
activity in the aerosols relatively to activities plutoni-
um isotopes has also doubled as compared to their ratio
in the lava [6].

In contrast to aerosols, the enrichment of radio-
nuclide deposition by *’Cs and °°Sr being observed
in 2019-2021, in 2022 dropped to the level of measure-
ment uncertainty. The ratios of activities of semi-vola-
tile transuranium elements in depositions and in LFCM
have close values. The discrepancies are associated
with both measurement uncertainty and heterogeneity
of LFCM composition [1]. The ratio of plutonium iso-
topes in the both aerosol and radionuclide depositions
remained close to value of analogous ratios in LFCM
of room 012/7 during 2019-2022, that was also earlier
observed [6].

The table 1 data show that owing to continuing ero-
sion of LFCM surface in room 012/7, radioactive dust
is generated and penetrates in the room air. Howev-
er, LFCM capability in generating aerosol particles is,
evidently, reducing and entails aerosol VA drop in the
room. As figs. 2, 3 show, ) Am content in aerosols and
radionuclide depositions decreases, given that its content
in LFCM grows as result of p~-decay of **'Pu isotope.
Therefore, the influence of other radioactive aerosol
sources on radionuclide ratio values in room 012/7 aero-
sol is growing. Such additional sources of radioactive
aerosols can, particularly, be the surfaces of bottom sed-
iments after drying of radioactively contaminated water
(RCW), and building structures’ surfaces, on which so
called “condensation cesium” earlier absorbed. The same
fact is testified by below results of identification of aero-
sol particles dispersity.

Room 012/15. Over 2019-2022 period, 29 aerosol
samples were taken in the room. Survey results over 2017-
2018 period are presented in work [7].

As fig. 4 shows, in 2019-2022, ¥ VA was varying
within the range of 0.032-4.1 Bq/m’, and **'Am VA was
varying within the range of 9.8 - 10° - 1.0 - 10 Bq/m’.
At the same time, trend lines show a drop in volumetric
activities of ¥ and ' Am in room air.

In most cases, increased aerosol VA was observed un-
der relatively low air moisture in the room, and decreased
VA coincided in time with high moisture value.

The ratio of ’Cs/¥f in 2019-2022 was fluctuating
from 0.13 to 0.98 under mean value 0.49. No correlation
dependence of this ratio over time was found. From ob-
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Fig. 4. VA of aerosols carrying ¥ and ' Am
in room 012/15 in 2017-2022

tained mean value '¥Cs/%( follows, that '*Cs input in X3
made 49 %.

The aerosol samples were analyzed by radiochemi-
cal method. Below the analysis results are shown of most
active on Y[ aerosol samples, which were taken on Sep-
tember 14, 2022.

Content of radionuclides in aerosols in room 012/15, Bq/m?

F ) SO 79107
B7CS i ssaeans 0.26
BIEW s 722 -10*
IBPU e 6.3-10"
PIHOPU e 1.3-10°
PHAM o 6.8-10°

In table 2, mean annual values of nuclide activity ra-
tios are shown in aerosol samples taken during 2019-2022,
and ratios in LFCM localized in room 012/15.

As table 2 demonstrates, during 2019-2022, plutoni-
um isotope ratios in aerosols were close to analogous ratio
in LFCM localized in the room. It indicates the fact, that
in room 012/15, due to erosion of LFCM surfaces, gen-
eration of radioactive aerosols coming in air space is in
progress. The divergences in values are related, as already
noted above, to measurement uncertainties and inhomo-
geneity in LFCM composition. As the table demonstrates,
the value of ¥"Cs/*'Am ratio had significantly dropped
over 2019-2022 period. It is, apparently, due to less air-ex-
change in room 012/15 and adjacent rooms contaminat-
ed by condensation radiocesium, but in which the LFCM
is not available.

The value of ratios of **'Am/****°Pu activities
in aerosols was higher as compared to analogous ratio
in the lava in 1.5-2.3 times. The comparison of '*’Cs/%3
and *’Cs/**' Am ratio in aerosols with radionuclide com-
position of LFCM demonstrates that during 2019-2022,
the aerosols in room were enriched by '¥Cs relatively
to composition of lavas, which also was earlier observed
[4, 7]. On top of that, attention should be drawn to *°Sr
activity in its ratio to **! Am radionuclide.

Room 210/7. Over 2019-2022 period, 30 aerosol sam-
ples and 11 radionuclide deposition samples were taken
in the room. Survey results over previous 2017-2018 pe-
riod are presented in the work [8].

In fig. 5, dynamics of ¥ and **’Am VA in room
210/7 over period 2017-2022 is presented. As the figure
shows, in 2019-2022, ¥ VA was varying within the range
of 0.044-1.5 Bq/m’ and **Am VA was varying within
the range 0of 3.2 - 10 * - 1.9 - 102 Bq/m’. At the same time,
trend lines show a drop in ¥ and ' Am volumetric activ-
ities in room air. In most cases, increased aerosol VA was

Table 2. Radionuclide ratios in aerosols and LFCMs in room 012/15

Object, year B7Cs/**' Am Sr/*'Am 2 Am/#9+240Py 239+240py /B8Py 7Cs/3B
aerosol, 2019 1,380 16 2.7 2.5 0.98
LFCM, 2019 9.6 21.7 1.7 2.3 0.23
aerosol, 2020 1,100 220 3.0 3.0 0.72
LFCM, 2020 9.5 21.4 1.7 2.4 0.23
aerosol, 2021 130 52 3.1 2.1 0.55
LFCM, 2021 9.4 21.1 1.7 2.4 0.23
aerosol, 2022 270 28 39 2.1 0.58
LECM, 2022 9.3 20.8 1.7 2.4 0.23
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Fig. 5. VA of aerosols carrying Y and *! Am
in room 210/7 in 2017-2022

observed under relatively low air moisture in the room,

Fig. 6. Deposition density of ¥ and ! Am
in room 210/7 in 2017-2022

Content of radionuclides in room 210/7 aerosols, Bq/m?

and decreased VA coincided in time with high moisture BES) TN 0.36

value. TGS nrrrsssisnssessssssssissssssssinns 0.74
The ratio *’Cs/Xp in aerosols of room 210/7 during L 1 RS OON 7910

2019-2022 was fluctuating from 0.22 to 0.78 under mean PBPU e seessee s 3.2-10°

value 0.54. Correlation dependence of this ratio over time BIHZOPY e 7.2-10°

was not revealed. From obtained mean value '*’Cs/¥ fol- A oo ssseeessiens 1.2-10?

lows, that '¥Cs input in ¥ made 54 %. SR © 13 R 1.7 -10*
In fig. 6, dynamics of ¥p and **'Am deposition D RSSO 1.5

density in room 210/7 is presented over 2017-2022 pe-
riod. In 2019-2022, ¥ was varying within the range
of 12-830 Bq/(m? - day). Deposition density of > Am was
varying within the range of 0.19-13 Bq/(m? - day). Trend
lines show a drop in deposition density of X3 and amer-
icium in the room. As the figure shows, the graphs with
radionuclide deposition density are similar in their sym-
basis, which makes possible to assert that the radionuclide
are located on the same particles. Such particles are, ap-
parently, LFCM fragments localized in room 210/7.
During 2019-2022, the ratio '’Cs/2 in radionuclide
deposition density was changing from 0.29 to 0.59 under

The analysis results of samples with highest depo-
sition density of X3 obtained when exposing deposition
collector from June 11 to September 15, 2020, are shown
as well.

Deposition density of radionuclides
in room 210/7, Bq/(m*- day)

mean value 0.41. Correlation dependence of this ratio BIHZOPY oeeeeeerseeessesssseeseeees 0.36
over time was not established. From obtained mean val- HHAI oot eseseseeeseceeeens 0.78

ue of ¥Cs/%f follows, that "¥’Cs input in ¥ radionuclide LR O3 | WO 1.2-10?
deposition made 41 %. TP erveenreerneeenseeeaseesie e 73

Aerosol samples and radionuclide deposition were
analyzed by radiochemical method. The analysis results

Table 3 shows mean values of ratio of nuclide activ-

of most active on Y aerosol sampled on September 15,

ities in aerosol samples and depositions sampled during
2020, are shown below.

2019-2022, and ratio in LFCM located in room 210/7.
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Table 3. Radionuclide ratios in aerosols, depositions and LFCMs in room 210/7

ObjeCt, year 137CS/241Am 9OSr/24lAm 241Am/154Eu 241Am/239+240Pu 239+240Pu/238pu 137CS/ZB
aerosol, 2019 72 26 11 1.8 2.5 0.57
deposition, 2019 35 29 12 1.9 2.4 0.36
LFCM, 2019 8.8 17.6 9.9 1.6 2.3 0.20
aerosol, 2020 47 25 16 1.8 2.4 0.47
deposition, 2020 30 26 12 1.9 2.3 0.37
LFCM, 2020 8.7 17.3 10.8 1.6 2.4 0.20
aerosol, 2021 83 32 - 1.7 2.6 0.54
deposition, 2021 34 22 14 2.6 2.7 0.43
LFCM, 2021 8.6 17.1 11.7 1.6 2.4 0.20
aerosol, 2022 360 56 8.5 2.2 2.4 0.64
deposition, 2022 48 17 14 3.2 2.8 0.59
LFCM, 2022 8.5 16.8 12.7 1.6 2.4 0.20
Data analysis given in table 3 shows that in 2019-2022 Bg/m?
period, aerosol and radionuclide depositions were enriched 10
by ¥’Cs, as compared to LFCM composition, that was also 13
earlier observed [5, 8]. Moreover, in the aerosols, increased { 4 d
%Sr activities in relation to **' Am activities takes place. e O tr
Before 2021, the ratio of transuranium element 0.1 - e e =
activities in aerosols and depositions corresponded 5 O @jﬁ
to analogous ratios of room 210/7 LFCM. The discrep- “T~L _
. . . ; 0.01 B trendline -
ancies, as noted above, are associated with heterogeneity ~~.]_ (B
of LFCM composition, and measurement uncertainty. (. .-""‘/u. i
In 2021-2022 period, a growth is observed of **' Am input UG |
in alpha-activity of transuranium elements in radionu- | @>p I'_"IAm-241| if
clide depositions. e L e '
As figs. 5, 6 show, volumetric activity of nuclides —-oZZ22Z28g8ggaad
g8 2> > Y cececotcoooc o as oS
drops, that is, evidently, due by lessening of LFCM abil- % E E ‘% 2 % 4 ‘; ‘;; g % ?) 5, ; ‘;
ity to generate aerosol particles. Therefore, the influence SESE2 8 08 Bg 2 2 8 52
on the values of radionuclide ratios of room 210/7 aero- = g 8 s = ;é z g S g
sols grows for the other radioactive aerosol sources. Such =~ A 2 e A

a conclusion is confirmed by below results of identified
disperse composition of aerosol particles.

Room 304/3. Over 2017-2022 period, 44 aerosol
samples were taken in the room.

As fig. 7 shows, in 2017-2018, X VA was varying
within the range of 0.03-3.9 Bq/m?, and **'Am VA was
varying within the range of 7.1 - 10 - 3.8 - 10 Bq/m’.
Over the next 2019-2022 period, X VA was varying
within the range of 0.05-0.76 Bq/m’, and VA **Am was
varying within the range of 3.2 - 10* - 5.6 - 10~ Bq/m’.
At the same time, trend lines indicate a drop in volumet-
ric activities of ¥ and > Am in room air. In most cases,

Fig. 7. VA of aerosols carrying ¥ and *!Am
in room 304/3 in 2017-2022

increased aerosol VA was observed under relatively low
air moisture in the room, and decreased VA coincided
in time with high moisture value.

The ratio of ’Cs/Yp in 2017-2018 was fluctuat-
ing from 0.3 to 0.89 under mean value 0.6. In the next
2019-2022 period, *"Cs/Xp value was varying from 0.17
to 0.88 under mean value 0.61. From obtained mean value
follows, that '*’Cs input in ¥ made not less than 60 %. No
correlative dependence of the ratio over time was detected.
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The aerosol samples were analyzed by radiochemical
method. Below the analysis results are shown of most ac-
tive on Y[ aerosol samples taken on November 18, 2021.

Content of radionuclides in room 304/3 aerosols, Bq/m*

-107
-107
-10
PBPU e 2.8-10"
PIIZAOPU e 41-10"
PHAM e 1.2-10°
SO o s R 1.2-10°

B voveeeeerssseess oo 0.10

In table 4, mean values of nuclide activity ratios
in aerosol samples taken during 2017-2022, and ratios
in LFCM localized in room 304/3, are given.

When comparing the ratios of “"Cs/Xp and
¥7Cs/**' Am in room 304/3 LFCM with radionuclide com-
position of aerosol, we see that during 2017-2022, aero-
sol was enriched by '*’Cs relatively to lava composition
(see table 4). Starting from 2020, growth in *°Sr activities
in relation to **' Am activities has been observed. The table
also shows that in contrast to the cesium ratios, transura-
nium element activities in room aerosol during 2017-2022
were remaining identical to the values of analogous ratios
in the LFCM. The discrepancies in values can be associ-
ated, as mentioned above, with measurement uncertainty
and heterogeneity of lava. Thus, due to LFCM surface ero-
sion, generation of radioactive dust occurs, which pene-
trates in the air in room 304/3.

Dispersity of radioactive aerosols

The procedure to determine aerosol size is described
in [13]. Assuming a priori lognormal distribution of aero-
sol particle size, we calculated activity median aerody-
namic diameter (AMAD) and geometric standard devi-
ation (o).

Room 012/7. In 2019-2022 period, AMAD value
of ¥’Cs-bearing particles was varying within the range
of 10.5-11.9 pm, and AMAD of *'Am-bearing parti-
cles were 10.7-10.9 um. Within the measurement er-
rors, the data on nuclide activities of AMAD values can
be considered as matching ones, and at the same time,
significantly different from previously observed values.
In 2010-2011, £ carriers in room air were aerosol par-
ticles with AMAD 2-8 pm [3]. In the same work it was
also shown that the particles containing **' Am, based
on presented results of radiochemical studies, should
be considered as products of LFCM surface degra-
dation, which are localized in room 012/7. The value
of ¥7Cs/**' Am ratios has demonstrated that at all im-
pactor cascades, *7Cs was present in excess amount rel-
atively to its content in the lava, which was not earlier
observed. Taking into account the values 6>3, one can
assume that the aerosols in room 012/7 in 2019-2022
period were produced from different sources unlike
to 2010-2011 aerosols.

Room 012/5. In 2019-2022 period, the AMAD value
of ¥’Cs-bearing particles was varying within the range
of 7.2-10.1 um, and AMAD of >’ Am-bearing particles
were 6.5-10.8 um. Within the measurement errors,

Table 4. Radionuclide ratios in aerosols and LFCMs in room 304/3

Object, year B7Cs/*' Am 2Sr/*'Am 241 Am/?39+240py 239+240py /238py B7Cs/YB
aerosol, 2017 60 20 1.7 2.1 0.55
LFCM, 2017 8.0 22.5 1.6 2.3 0.21
aerosol, 2018 41 21 1.6 2.6 0.49
LFCM, 2018 7.9 22.3 1.6 2.3 0.21
aerosol, 2019 68 21 2.0 2.5 0.62
LFCM, 2019 7.8 22.0 1.6 2.3 0.21
aerosol, 2020 54 26 1.7 2.9 0.51
LFCM, 2020 7.7 21.7 1.6 24 0.21
aerosol, 2021 130 40 2.0 2.3 0.64
LFCM, 2021 7.6 21.4 1.6 2.4 0.21
aerosol, 2022 270 38 1.9 2.5 0.77
LFCM, 2022 7.5 21.1 1.6 2.4 0.21
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the data on nuclide activities of AMAD values can be con-
sidered as matching ones and significantly different from
previously observed values. In 2014, most often X carriers
in room air were the aerosol particles with AMAD from
0.8 to 2 um [4]. The value of '*’Cs/**' Am ratios has shown
that at all impactor cascades, ’Cs was present in excess
amount relatively to its content in the lava, which was also
earlier observed. The magnitude of value o for majority
of samples was more than 3.

Room 210/7. In 2019-2022 period, the AMAD val-
ue "Cs-bearing particles was varying within the range
of 8.9-11.6 um, and AMAD of **' Am-bearing particle
werel0-11.7 um. Within the measurement errors, the data
on nuclide activities of AMAD values can be considered
as matching ones and significantly different from pre-
viously observed values. In 2013, most often X carri-
ers in room air were the aerosol particles with AMAD
1-7 um. [5]. The value of *’Cs/**' Am ratios has shown
that at all impactor cascades, ’Cs was present in excess
amount relatively to its content in the lava, which was also
earlier observed. The magnitude of ¢ value in most cases
was more than 3.

Discussion

The above materials demonstrate that in rooms 012/7,
012/15, and 210/7, volumetric activities, radionuclide com-
position and aerosol dispersity have changed significantly
over the past ten years.

Before the last days of 2022, maximum and mean X8
and *’Am VA dropped in room 012/7 air an order of value
as compared to the results of previous surveys [3]. At the
same time, "*’Cs input in 2P has tripled and significantly
exceeded the value of analogous input in LFCM. Since
during lava origination and its distribution along the Shel-
ter object rooms, the LFCM were depleted by radiocesi-
um owing to its evaporation, the sources of additional
¥Cs are the aerosols of radiocesium-bearing particles
from the other sources. These particles are, apparently,
generated as result of degradation of surfaces, on which
“condensation” cesium was earlier sorbed.

The enrichment of aerosols in room 012/7 air by *°Sr
relatively to LFCM composition in 2019-2022 period (see
Content of radionuclides in aerosol in room 012/7, Bg/m°)
was, apparently, entailed by dust generation on bottom
sediment surfaces, which produced as result of complete
drying in the early days of 2019 of radioactively contam-
inated water accumulation in room 009/4, which is con-
nected to room 012/7. Regular surveys have shown that
the value of ratios of *°Sr/**' Am activities in this accumu-

lation in 2018 made around 170 [14], that is much more
of analogous ratio in room 012/7 LFCM. At the same time,
the value of ratios of >*' Am/******°Pu activities in water ac-
cumulation made not less than an order of value, which
could serve as a reason for increased ratio of americium
to plutonium activities in room 012/7 air in 2019-2022.
Thus, bottom sediments in room 009/4 can be seen as a
source more in forming aerosol situation in room 012/7,
which influence, primarily, the dynamics of X3 VA (see
fig. 2). The availability of more than one source, which
generates aerosols, is also confirmed by the results of an-
alyzed aerosol dispersity in room 012/7.

Before 2019, volumetric activity of radionuclides
in rooms 012/15 and 210/7 in most cases was lower, than
in room 012/7, that was also earlier observed [3-8]. So,
ten years ago in rooms 012/15 and 210/7, Xf value sel-
dom exceeded 10 Bq/m’, and in room 012/7, almost al-
ways this value was higher and even reached 600 Bq/m”’.
Such a difference was explained by less stability of lava
in room 012/7 as compared to the lavas in rooms 012/15
and 210/7 [4-5].

In 2019-2022, the enrichment of aerosols in rooms
012/15, 210/7, and 304/3 air by *’Cs and®°Sr relative-
ly to LFCM composition in these rooms and in room
012/7 was provoked by the presence of carrier radioce-
sium-bearing aerosols and dust rise from the surface
of bottom sediments produced as result of RCW drying.

Figs. 2, 4, 5, and 7 show, that over the past five
years, **Am VA in all four controllable rooms dropped
at 10-100 times. From this it can be concluded that the ca-
pability of LFCM accumulations to generate the aerosols
in these rooms is reducing. At the same time, the influ-
ence is growing of two mentioned above additional aero-
sol sources at the values of radionuclide ratios in the aero-
sols. Over the same period, ¥ VA in three rooms dropped
by no more than an order of value, and in room 012/7, it
remained at the same level.

The AMAD of carriers of radioactive products
of accident in rooms 012/7, 012/15, and 210/7 signifi-
cantly grew over the past 8-10 years and reaches the val-
ues of 10-11 pm. It testifies the fact that the origination
of aerosol particles-carriers of accident products occurs,
mainly, due to dispersion processes [15]. At the same time,
the values of dispersity parameters of aerosols also in-
dicate that the radionuclide composition of aerosols is,
apparently, formed of more than one source, which gen-
erates aerosol particles.

The results of researches of radionuclide deposi-
tions in rooms 012/7 and 210/7 show that they produced,
mainly, owing to particle-fragments of LFCM surfaces
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degradation. At the same time, the rate of enrichment
of radionuclide deposition on *’Cs and *°Sr relatively
to LFCM composition, is much lower than in the aerosol.
Unfortunately, now we do not know how LFCM degrada-
tion products get into the air. Without mechanical action
and wind loads (these are the conditions of LFCM oc-
currence in the Shelter object), the mechanism of transfer
of degraded solids into aerosols is unknown. Presumably,
the aerosol generation from LFCM surface is influenced
by electric charges. They undoubtedly arise upon radio-
active decay.
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Incmumym npobnem 6esnexu AEC HAH Ypainu,
eyn. Kiposa, 36a, Yoprobunv, 07270, Yxpaina

PapioakTuBHIII a€pO30/Ib Y MifPeaKTOPHUX
NpUMilleHHAX 00’€KTa «YKPUTTA» B yMOBaX
HOBOTO 6e31eYHOro KoH(ajtHMeHTa

[IpencraBieHo pajgioHYKIIgHMIT CKaap, 06’eMHi
aKTMBHOCTI, WIi/IbHICTh BMIAZLiHb paJiOHYKIifiB Ta
BUCIEePCHICTh aepo3onis, Bigibpanux y 2019-2022 pp. y
npumimenHax 012/7, 012/15, 210/7, a takox y 2017-2022 pp.
y npumimenHi 304/3 06’ekra «YKPUTTs», KyAu Hic/ns aBapii
npoTikanu naBonoyi6Hi manuBosmicHi Marepianu (JITITBM).
BcTaHoBII€HO, 110 Me/jiaHHIil 32 aKTUBHICTIO aepOAHAMIYHMIL
niametrp (AMA]I) HociiB pagioakTMBHUX NIPOAYKTiB aBapii
B npumimennsnx 012/7, 012/15, 210/7 cyTTeBo 36inpuInBcs
3a ocranHi 8-10 pokiB i gocarae 10 um. Ile cBigunTh TIPO
ixHe gucnepraniitHe moxojxeHHA. HaaBHICTD TpaHcypa-
HOBUX €JIEMEHTIB y PafioHyK/Ii[JTHOMY CKJaJii aepo30liB
y BCIX HpUMIleHHAX y CHIBBiJHOLIEHHSX, 5Ki 61MM3bKI KO
aHasorivHux crnissigHomenp JIIIBM, nokasye, mo aeposoni
IPONOBXYIOTh BUHMKATH BHACTIZOK PYHYBaHH:A JIaBMU.

IcToTHe 30aradyeHHs aeposonio y npumimensi 304/3 *’Cs i
¥7Cs Ta *°Sr y npumimenHax 012/7, 012/15, 210/7 mopmo ckia-
Iy TaB BKa3y€ Ha HaABHICTb 1€ JBOX JKePeTl, IO BILIMBAIOTh
Ha paJlioHyKIigHNIt CKIaj aepo3onis. Lle mifTBepaxyeTbca
3HAYEHHAMU [TapaMeTPiB AUCIIEPCHOTO CKIAaly aepO30IiB.
3a ocraHHI IIITh POKiB 06’eMHa aKTUBHICTD **! Am B moBiTpi
JOTMPbHOX NpuMimmenb sHnu3naacsa y 10-100 pasis. 3 nporo
MOXXHa 3pOOUTHU BUCHOBOK, 1[0 3HMDKYETHCS 34ATHICTD 0
renepanii aeposomio ckymdens JIIIBM y qux npumineHHAX.
IIpy mbOoMy 3pOCTa€ BIIMB Ha 3HAYEHHSA PaJliOHYKIiTHMUX
CHiBBiJHOIIEHDb iIHHMIMX HOMATKOBUX [ KEpel aepo30II0.
3a TOil JXe Iepiof CIOCTepe)XeHb CyMapHa aKTHBHICTb
HOBrOXXUBYYMX O€Ta-BUIPOMIHIOIOYIX HYK/Ii/iB-IPOSYKTIB
Yopro6uIbChKOI aBapii y TPhOX MPUMIlIeHHSIX 3MEHIINIACS
He Oi/blile HIXK Ha ITOPSIOK BEeIMYMHY, a B IpuMineHHi 012/7
3a/IMIIAa/Iacs Ha OTHOMY DiBHI.

Kniouosi cnosa: HoBumit OesrevHnit KOH(pATHMEHT, 06’ €KT
«YKPUTTSI», TaBOMIOi0HI TaTMBOBMICHI MaTepianu, aepo30b,
06’eMHa aKTUBHICTb, LIIIbHICTD BUIA/iHb PafiOHYKIIifIB,
MeJliaHHUII 32 AKTUBHICTIO aepOJIMHAMIYHNIL iaMeTp,
IOVICIIEPCHICTD.
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