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The results of long-term monitoring (1998-2019) of radioactive aerosols (RA) in the surface
air near the Shelter object (SO) during works on projects implementation on creation of the
New Safe Confinement’s “Arch” (NSC) are presented. The composition of long-lived nuclides
(LLN) in RA using for assessing the personnel radiation safety are included the following
nuclides: Ya-LLN (% 2% 20Py, *'Am) and XB-LLN (*’Cs, *Sr+*Y, *'Pu). The average
activity of 2-LLN was about 17 mBqg/m® in the end of 1990th in the air near the SO. It was
shown that the main decline of aerosol situation near the SO, when RA volumetric activity
increased ten-fold as compared to the beginning of 2000s, was due to radioactive dust
resuspension during technological works. First, during earthwork at building of foundation
strips of the NSC in 2010. During this period, average annual volumetric activity of X-LLN
was 80 mBq/m?, and weekly maximum activity rose to 6 mBg/m’ for Za-LLN and for Xp-
LLN to 520 mBq/m?®. Second, when dismantling concrete and metal structures of the Shelter
object in 2016, average annual activity of Z-LLN was 62 mBq/m’, and weekly maximum
activity reached Za-LLN — 18 mBg/m® and 2B-LLN — 1,400 mBg/m>. After the NSC
commissioning the X-LLN volumetric activity in the air dropped to 0.8 mBg/m? in 2019.
It is shown that after 2010 in the RA of the surface air there is an increase in the activity of
1¥7Cs, not associated with fuel particles, the average relative share of which in the beginning
0f 2000s was about 20 %, in 2013 reached to 62 %, and after 2017 was in the range of 50-55 %.

Introduction

It was a reason for the RA monitoring in the ground level
air around the SO to obtain an information on nuclides

The accident occurred at the Chornobyl NPP
(ChNPP) in 1986 was the worst in nuclear power engi-
neering and a turning point in an improvement of eco-
logical safety of nuclear cycle facilities. The Shelter object
(SO) was built in 1986 over the destroyed power 4™ Unit
of the ChNPP, which did not become reliable and secure
place for huge amount of fuel containing materials (FCM)
located inside it. The natural factors made impact on FCM
and promoted to its degradation and production of the
radioactive dust with potential capability to resuspen-
sion. Radioactive releases from the SO were spreading
in close area and contaminating environment around.

content in the aerosol, their activity and ratio nuclides.

The monitoring results are serving for an adequate
estimation of the radiation safety of personnel and impact
for the environment.

Materials and methods

Layout of aerosol sampling facilities within the
SO local area. The local area is enclosed territory around
the SO, where the staft should use respiratory protective
equipment. Radioactive aerosols in the surface air were
sampled by three aspiration units, which were placed
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along the local area periphery (see Fig. 1). The aerosols
were precipitated on FPP-15-1,5 filters. A filtration air
rate was within 500—600 m3/hours. Usually sampling pe-
riod was in the range from 10 to 17 days.

Stabilization
measures

Fig. 1. Scheme of layout in the local area of RA sampling points
and work realization places during the NSC “Arch” construction

Gamma-spectrometry determination of content and
activity of nuclides in aerosols. One of the criteria for as-
sessing the radiation safety of personnel carrying out works
in the local area is the volumetric activity (VA) of long-lived
nuclides (LLN) in the surface air around the SO. The content
of monitored radionuclides, whose contribution in activity
of LLN is more than 2%, from the beginning of 2000s to
the present is almost unchanged and includes: Xa- LLN —
23812394240py and **'Am and XB-LLN — "Cs, *Sr+*°Y and
241py (Table 1).

Table 1. Relative share
of controllable radionuclides in LLN, %

Year >B-LLN Za- LLN

137Cs 9OSr+90Y 241Pu 241Am 238Pu 239Pu 240Pu Other
2001 | 31 53 15 46 17 13 | 21 3
2015| 33 56 11 56 13 11 | 184 | 1,6
2020 | 34 56 98 | 57,8 | 12 11 18 | 1,2
2025 | 34 57 8,8 59 11 11 18 | 1,1

Determination of radionuclide content in aerosols
was carried out using y-spectrometry with high-defi-
nition semiconductor detector and analysis spectrums
by program Genie 2000 (Canberra). The contribution
dynamics of the y-activity of detected nuclides to a to-
tal y-activity of RA is shown in Fig. 2. The share of ¥’Cs
activity in the total y-activity in 1990 was about 47%. It
reached a maximum (97 %) in 2005, and then began to
fall. The share of 2! Am increases every 5 years from 2000
by about 0.6%: in 1990 it was about 0.2 %, by 2015 it rose
to 3.2%, and in 2050 it will be about 8%.

Direct gamma spectrometric measurements allow
identifying in RA samples of local area only '¥’Cs, > Am
and "*Eu. Activity of other nuclides, **Sr and plutonium

Share, %
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Fig. 2. Relative share (%) of y-emitting nuclides in total
y-activity RA

isotopes (#*#23240241py), is determined using the correla-
tion coefficients between the activity values of nuclides
averaged over the all reactor core of the 4th power unit
at the moment of accident (the base fuel). The validity of
such approach was confirmed by the results of theoretical
and special experimental works [1-4].

To estimate operatively **Sr and plutonium isotopes
(38:239240241PY) activities in aerosols the following correla-
tion ratios with *’Cs and **' Am activities are used:
for °Sr A = K, . = A., where A_ — *°Sr activity
in aerosols, A — measured 'V’Cs activities in aerosols,
K, ., — coefficient of ratio *°Sr to '*’Cs activities in the
base fuel;

after 2014 for °°Sr A, =K, A, where A —
measured **' Am activities in aerosols, K , — coefficient
of ratio *°Sr to ' Am activities in the base fuel [4];

for plutonium isotopes A, = K, , - A, , where
A, — P#»24024Py activity in aerosols, K, , — coeffi-
cient of ratio plutonium isotope (**#23*240241Py) to ! Am
activities in base fuel.

The ratios between *’Cs, ! Am and **Eu in sam-
ples of RA indicate that use of the correlation approaches
to estimate activities of plutonium isotopes and *°Sr are
correct.

The average annual value of coefficients K, . within
2000-2019 are nearly constant and were to about 0,83. The
applied average annual value of coefficients K, , K,

m’ “ T PuAm
in 2014, 2016, 2019 are presented in Table 2.

Table 2. The value of ratio coeflicients
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Name of coefficients 2014 2016 2019
KSrAm 26 24 21
Pu241Am 10.3 9.1 7.6
K, 3s200am 0.77 0.75 0.72
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Fig. 3. Dynamics of annual VA of 2-LLN in ground level air of the Shelter object local area

Results and discussion

Results of RA monitoring in the surface air of local
area. The dynamics of the annual average VA of Z-LLN
in the air from 1998 to 2019 by RA monitoring data is
presented in Fig. 3. The trend line on monitoring data to
forecast VA of 2-LLN in the surface air of local area has
been built by equation 1:

Cpo(t) = (0.014 £ 0.003) - exp(~t/(3.3 £ 0,6) +

+(0.005 + 0.0009), W

where t — amount of years from the start of observing.

The regression analysis includes only those years
(1998-2004, 2006, 2007, 2011), when intensive ground
excavation works were not performed. It was done to
provide data homogeneity. As the result, the trend line
presents the radiation situation in the surface air only un-
der radioactive releases impact from the SO and regular
technological activity.

Herewith average approximation error did not ex-
ceed 15%. The greatest deviations from forecast values
(ten-fold excess) were registered in periods of earthwork
(2009, 2010) and the SO structures dismantling (2016).

In general, based on the principle of superposition and
independence of aerosol sources, the VA of 2-LLN in the
local area C,(t) can be represented as the components sum:

Cs(t) = Crr(t)+ Cra+Cac, ()
where C,, — the VA of RA caused by technological ac-

tivities in the local area; C, . — the VA of RA associ-
ated with radioactive releases in abnormal situations
or accidents.

Four periods can be determined in the dynamic
of annual VA of RA at the transformation stage of the SO
into an ecologically safe system.

The first period is determined within 1998-2000
years, when the last power Unit 3 of the ChNPP was op-
erated and the dust suppression system was worked only
over the Central Hall of ruined Unit 4. The average VA of
3-LLN over the first period was 17 mBg/m°.

The second period is determined from 2001 to 2007,
it includes: the implementation of the stabilization mea-
sures of the 4the Unit unstable building structures, the
creation and commissioning of modernized dust suppres-
sion system over dust clusters around the Central Hall
to reduce unorganized RA releases through eakness and
holes in the SO. At that time, annual average VA of X-LLN
over the second period was 7.4 mBq/m>.

The third period is determined from 2008 to 2017.
It was the time of foundation strips construction, mount-
ing the NSC structure and preparing to the NSC com-
missioning. In 2010, annual VA of RA in local area air
reached the highest values of 84 mBqg/m®. It was the result
of a treatment with radioactive ground during earthworks
at foundation strips (see Fig. 1). Maximum Z-LLN VA
was reached in 2010, and it was equal to 0.51 Bg/m?. [5]
Annual average VA had dropped to 5.3 mBg/m?® in 2011
after earthwork was completed.
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In the beginning of 2013 an incident occurred when
a part of the turbine hall roof destroyed and collapsed.
The total hole square was estimated to about 600 m?*.
During the incident were released a huge volume of ra-
dioactive dust that sedimented near the SO. At the end
of 2013, the old ventilation stack (VT-2) was dismantled.
All these events led to an increase of the average annual
VA of Z-LLN to 24 mBq/m® in 2013.

The next significant growth of RA VA to 62 mBg/m®
was observed in 2016. Weekly maximum activity reached
18 mBq/m’ for Xa-LLN and 1,400 mBq/m? for X3-LLN.
It was during works on dismantling of the SO concrete
and metal structures and erection of eastern and western
walls of the NSC enclosure perimeter. The average VA of
2-LLN over all third period was 25 mBq/m? [6].

The fourth period started in 2018 after completion
of works on the NSC commissioning. Thus, an average
annual activity of XLLN in the surface air dropped to
1.8 mBqg/m?®. It is about three times less than the fore-
cast value of 5 mBq/m® and an order below the VA ob-
served before the NSC construction was started. In 2019,
an average annual activity of ZLLN decrease more to
9.2 - 10" mBqg/m’. Such difference is associated to the fact
that the trend line is considering the share of radioactive
release from the SO in RA of the surface air, but after the
NSC commissioning, practically, there are no releases.

Ratio nuclides in radioactive aerosols of the local
zone. An important characteristic of RA are ratios be-
tween radionuclides, since under the conditions of the
local area, it indicates a degree of fuel particles transfor-
mation and types of carried out technological works. It
is connected to the different physicochemical properties
of nuclides contained in RA.

The average annual ratios of '*’Cs to **! Am and “*Eu
to *'Am activities s in aerosols at each aspiration unit as
well as these nuclides ratios in the basic fuel according to
the expert estimations are presented in Fig. 4 [1-3].

Analysis of the data monitoring showed that, first-
ly, the ’Cs and **'Am ratios observed at AU-3 differs
from the ratios at AU-1 and AU-2 and, close enough to
expert estimations. It could indicate different origin of
radioactive aerosols in the air. Secondly, the trend of de-
creasing the ’Cs/**' Am in the experimental data within
2000-2009 were correspond to the experts’ data trend.
Since 2010, deviations between the ratio '*’Cs/**'Am in
RA of the ground level air and the ratio in the basic fuel
had increased and became above 100 %.

Obviously, it is due to the fact that in 2010 the inten-
sive excavation work (2009-2010) were completed and a
significant volume of radioactive particles which adsorbed
¥’Cs precipitated on the surface of local area and closer
buildings. At the same time, a volume of radioactive re-
leases (fuel particles) from the SO decreased. As a result, it
led to the growth in the aerosols share of the ground level
air containing ¥’Cs not associated with fuel particles (free).

In addition, at the end of 2013, VT-2 was dismantled
and, then at the site near 3™ Unit of the ChNPP, frag-
ments of VT-2 have been cut over (see Fig. 1). Results of
RA monitoring at that time were shown that the ’Cs
activity increased more in tenfold. So, it is known, that
during hot works (welding, cutting of metal and concrete)
a considerable growth of '¥’Cs activity in aerosols is ob-
served. The maximum of '’Cs and ?*' Am ratios were fixed
on AU-1-440 and on AU-2-1000 from December 9 to 23,
2013. For comparison, the ’Cs and **'Am ratio in the
basic fuel at that time was 31.
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Fig. 4. Average annual ratios of *’Cs and *'Am (a), **Eu and *'Am (b) in the surface air at control points
AU-1, AU-2, AU-3 within 2000-2019
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Fig. 5. Dynamic of relative share of '*’Cs unassociated with
fuel in radioactive aerosols of local area

The **' Am/"**Eu ratios in the RA of local area air and
according to expert’s estimations are close enough. The
average relative deviation of >’ Am/***Eu ratios between
them is about 13 % and these differences are insignificant.

The relative share of free '¥Cs in the total activity of
¥’Cs in aerosols using the '’Cs/**' Am and **' Am/"**Eu ra-
tios have been calculated. The results are shown in Fig. 5.

It can be seen that until 2010 the share of a condensa-
tion cesium and leached cesium from fuel particles in the
total activity of ’Cs did not exceed 30%. Then in 2013 it
reached a maximum in 62% and stabilized within 50-55%
after 2017. Therefore, use of the coefficient K _for basic
fuel after 2017 when calculating the *°Sr + *°Y activity in
the RA could overestimated the *°Sr + *°Y value about 1.6
times, and in hot works (cutting, welding), for example as
in 2013, it can be increased by more than tenfold.

Hence, the correlation approach application for cal-
culating a share of °Sr + *°Y in ¥B-LLN by ratio with the
21 Am activity is more correct. This significantly reduced
errors at estimating a *°Sr activity in aerosols. For con-
firming this sentence, the annual ratio *°Sr + *°Y to '¥’Cs
in radioactive aerosols of local area within 2017-2019 are
presented in Table 3.

From the Table 3 are following, at first, the annual ra-
tios in aerosols about two times lower the in fuel. Second,
the maximum values of ratios in RA (2019) can exceeded

Table 3. The values of ratio *°Sr + °°Y to '*’Cs

90525032?(:5 2016 2017 2018 2019
in fuel 1.7 1.7 1.7 1.7
in aerosols:

mean 0.87 0.89 0.91 0.95
min 0.062 0.33 0.30 0.32
max 1.9 1.5 1.6 2.9

than the ratio in fuel. It means that in the local area air
could present RA was generated by lava-like fuel-contain-
ing materials (LFCM). A depletion by cesium is inherent
to some types of LFCM inside the SO, for example, located
in premises 012/7 [7].

Conclusion

1. The commissioning of the NSC “Arch” in 2018
promoted tenfold decrease of RA activity in aerosols near the
SO, as compared to the end of 1990s. The annual average VA
of 2-LLN in 2019 dropped to 0.81 mBg/m°. On top of that, the
VA of aerosols will continue to drop according to ordering
of adjacent territory, further accumulation of radioactive
particles by the environmental objects, radioactive decay
and, the main, absence of radioactive releases from the SO.

2. Major decline in aerosol situation of the SO
local area air, when the VA of RA were growing by
tenfold as compared to the beginning of 2000s, is linked
to radioactive dust resuspension from the radioactive
contaminated surfaces:

3. at performed earthwork to build foundation strips
of the NSC in 2010, when maximum annual average VA
of Z-LLN equal to 0.08 Bq/m® was registered;

4. during works on dismantling of the SO concrete
and metal structures in 2016, annual average VA of =-LLN
was 62 mBg/m® and weekly maximum activity of Za-LLN
reached to 18 mBq/m?® and ZB-LLN — 1400 mBq/m”.

5. The decommissioning of the 3 power Unit and
the stabilization measures implementation have led to
reduction of the VA of RA about two times.

6. To improve the estimation accuracy of the
fraction of *°Sr + *°Y in the ¥3-LLN of the surface air of the
local area, it is necessary to use the *°Sr + *°Y and **'Am
ratio in the base fuel. In this case, the coefficient K, |
should be calculated for the moment of y-spectrometric
measurements.
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Incmumym npobnem 6esnexu AEC HAH Ykpainu, yn.
Kiposa, 36a, Yoprobunv, 07270, Yxpaina

MoHiTOpMHT paflioaKTMBHUX a€PO3071iB
y IpM3eMHOMY IIapi MOBiTps Mo61n3y 06’ekTa
“Ykpurrra” B nepiog 1998-2019 pp.

Y craTTi HaBefjleHO pe3y/nbTaTU 6GAraToOpiyHOTO
MOHITOPUHTY paflioakKTUBHMX aepo3oniB (PA) y mpusem-
HoMYy 1Iapi nositps (1998-2019 pp.) B yMOBax IIpOBefieH-

Hs po6IT 06/mu3y 06’exTa “YKpuTTs (JI0Ka/IbHA 30HA) Iif
Jac BUKOHAHHs IIPOEKTIB 31 CTBOpeHHI HOBOTO Oe3med-
Horo KoHpaitnmenTa (HBK) “Apxka”. [lo ckagy moBroic-
Hyounx Hyknigis (JIH) y mositpi noxanbHOI MicieBoCTi
JULs1 OLIHKM pajjialliiiHol 6e3IeKy IepCOHaTy BKIIYanu
Hykmigm: Za-JIH (3% 29 290Py, 2 Am) i ZB-AIH (*Cs,
9OSr+90Y’ 241Pu).

Cepennbopiuna o6’emHa akTuBHicts X-JJIH cra-
HoBMIa 671m3bko 17 MBx/M? y kinni 90-x pp. y nositpi
nokanbHOI 30HM. OCHOBHE IOTipIIeHHA aepO30TbHOI
curyanii mo6ausy o6’exkra “YKpuTTa’, KOMU aKTUB-
HicTb PA 36inpmmnacs B 10 pasiB y HopiBHSHHI 3 1O-
gatkoM 2000-x pp., HOB’A3aHe 3 peCyCIeHAYBaHHAM
PafiioaKTMBHOTO MMy TiJf 9aC TeXHOJIOTiYHMX POOIT.
OpHuM pakTopoM cTanu 3eMIsHi po6oTu mij gac Oy-
piBHMUTBa pyHpamMeHTHUX cMyT HBK y 2010 p. Y meir
nepiof cepegHbOpivHa 06’eMHa akTuBHiCcTH X-JJIH cTa-
HoBuia 80 Mmbk/M?, a moTM>KHEBa MaKCMaIbHa AKTUB-
HicTb 3pocia go 6 Mbx/M® gna Xa-ATH i gua ZB-IIH
1o 520 MBk /M. IHIIMM YMHHMKOM CTAJIO T€, IO IiJf 4ac
IeMOHTaXy O€TOHHMX i MeTa/IeBUX KOHCTPYKIiil 06'ek-
ta “Ykpurra’ B 2016 p. cepefHbOpiYHAa aKTUBHICTD
Y-IITH ckmana 62 mBbk/M3?, a Tu>XHeBa MaKcuUMaabHa
aKTUBHIiCTD focsarna Xa-IIH — 18 mbx/m* i ZB-IJIH —
1400 mbx/m’. ITicna BBefeHHA B ekcruryaranito HBK
B 2019 p. 06’emHa akTuBHicTh X-[IIH y moBitpi 3Hm3M-
naca go 0,8 mbx/m>.

IToxasano, mo micna 2010 p. B PA npusemHoro mapy
HOBiTpsA BimOyBaeTbcs 3pocTaHHA aKTUBHOCTI ''Cs,
He MOB’3aHOTO 3 Ma/JMBHUMY YaCTMHKAMU, CepeRHs
BiJHOCHA YacTKa sIKOro Ha rmo4atky 2000 pp. cTaHOBUIA
6nmmuspKo 20 %, y 2013 p. gocarna 62 %, a micns 2017 p.
NeXUTD y Mexkax 50-55 %.

Ki040Bi c710Ba: MOHITOPMHT pajji0aKTUBHUX a€pO307IiB,
[OBTOICHYI04I HYK/IifM, 06’€MHA aKTUBHICTb, HOBUIT
6esmevHNiT KOH(pATHMEHT.
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