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The paper analyses environmental impact caused by the Chornoby!
accident on the Zaporizhzhya NPP (ZNPP) location area. Data processing
technique is proposed to detect pollution sources in the NPP region.
The movement of air masses within the ZNPP 30-km zone has been
analyzed. Air flow maps have been developed, and the distribution
of radionuclide particles in air over the territory under study in 1986 has
been determined.
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HavjioHansHui Haykosmii eHTP «XapkiBcbkiii (iamrko-TexHiqHui
IHCTUTYT», M. Xapkis, Ykpaina

Banipauia metony ineHTudikauil gxxepena aabpyaHeHHs
Ha npuknagi ennuey asapii YAEC Ha ekonoridyny cutyauito
B paioHi po3TawyeaHHa 3AEC

Hasegeno ananiz snmiBy YopHobBunscokol agapii Ha exonoridHy cuty-
aujito B palioni poatawysaxHa 3anopizskol AEC B Ykpaini. 3anponoHosaHo
MeTonuky oBpobki gaHux 3 BUABNEHHA Axepen 3abpyaHeHHs B paifoHi
aromHoi cTasuii. lpoananizoeaHo pyx NOBITRAHKUX Mac Ha TepuTopii 30-ki-
nomerposoi 30HK 3anopisskoi AEC, oTpumMaHo kapTi TpaekTopii nositpa-
HUX NOTOKIB | PO3M0A4IN ¥ NOBITRI 4aCcTHUHOK PagioHyKNigiB Ha OCHIOXYBaHIA
TepuTopii 8 1986 p.

Knwuoei cnoea: AEC, igeHTugikayia gxepena 3abpygHeHHA, Tpa-
EKTOPIA NOBITPAHKX NOTOKIB, PO3NO4in pagioHyKnigis.
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he development of fuel and energy industry in Ukraine

is closely related to nuclear power industry, which is

assigned to play a leading part in the total balance

of electricity production in the country. The relevance

and feasibility of this approach in the national energy
policy is directly dependent on how much the work of nuclear
power industry would be safe, reliable and efficient.

The aims of ecological monitoring around the NPP are
to determine and prevent possible detrimental effects of NPP
operation on the atmosphere, terrestrial and aquatic ecosystems,
as well as to ensure ecological safety of NPP. The monitoring
task in this case is to detect deviation from standards, find
out and eliminate the deviation cause and prevent its further
occurrence.

The main NPP monitoring objects include the atmosphere,
terrestrial and aquatic ecosystems being within the NPP ob-
servation area. Among the main harmful influencing factors,
we should mention radiation discharges and releases, release
and spill of chemicals due to NPP operating activities, thermal
pollution of the atmosphere and the adjacent water area of the
hydrologic systems [1].

The problem of the NPP environmental impact should be
considered comprehensively, taking into account the NPP loca-
tion and also other man-made sources of pollution, both local
and regional.

In connection with the necessity for ecological monitoring
of NPP pollutant emissions into the atmosphere, the central
problem is currently to develop methods for determining the lo-
cation of a probable source of pollution from the ratio of pol-
lutants contained in air samples taken over the area of interest.
To determine the pollution sources, mathematical methods are
used, which are based on the solution of the inverse problem
of impurity transport. With the use of a certain number of mea-
suring points, these methods make it possible to reconstruct
the parameters of pollution sources and also to clarify the spa-
tial location of acrosol pollution. For simulation of the process-
es of air pollution spread, one of the methods of factor analy-
sis, viz., the method of receptor modeling (MRM), is applied.
The method uses chemical and physical characteristics of gases
and particles created on the source and the receptor to identify
their presence and to determine the source contribution to the
concentration on the receptor [2].

The aim of this work has been to validate the method of pol-
lutant source identification [3, 4] using the air measurement
values obtained in the area adjacent to the ZNPP in the first
days after the Chornobyl accident.

Methods of Pollution Source Identification. To identify
the principal factors that affect the atmosphere in the ZNPP
location area, the method of factor analysis (MFA) has been
used [5].

Concentrations of substances or elements contained
in the samples under investigation were used as initial data for
calculations. A more detailed description of the MFA can be
found in [6, 7]. The MFA makes it possible to determine both
the characteristics of the pollution sources and the contribu-
tions of individual sources to specific samples. The question
about location of the pollutant sources themselves is solved
by analyzing air-mass trajectories, by which the pollutants are
transferred.

To determine the spatial distribution of pollutants,
the HYSPLIT-4 program [8§] was used. The program simulates
the processes of formation and propagation of a pollutant-load-
ed air cloud from a given source.

The input meteorological data necessary for HYSPLIT-4
were taken from the meteorological model calculations based
on in-situ measurement results.
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Characterization of the Subject of Research. The ZNPP lo-
cation area is a part of the Donetsk-Trans-Dnieper economic
region belonging to the zones that experience a heavy anthro-
pogenic impact. Among regional pollution sources, one should
mention, first of all, industrial complexes in the towns of Krivoy
Rog and Zaporizhzhya as the closest to the ZNPP observation
area, where more than 31 thousand fixed sources of environ-
mental pollution can be counted., most of them representing
the faultiest technologies of heavy industry. The Chornobyl
NPP may also be referred to regional pollution sources. The lo-
cal pollution sources include, apart from the ZNPP, the large-
scale industry of the Nikopol-Marganets industrial zone and
also the Zaporizhzhya thermal power plant (ZTPP), which is
the largest supplier of a variety of pollutants to the natural en-
vironment in the region [9].

The territorial structure of the working group on the left
riverside in the region includes the Enerhodar industrial hub
that stands out. Its basis is formed by ZTPP and ZNPP power
production (Fig. 1).

The major sources forming the radiation burden on the
population living in the ZNPP 30-km zone comprise natural
radionuclides, including those present in ZTPP releases. and
artificial radionuclides: %°Sr and '¥Cs of global fallouts, 2°Sr
and 1*7Cs of ChNPP accident release, as well as a wide range
of radionuclides comprised in ZNPP emissions and discharges.

In the aerial effluents, the main part of activity falls on ar-
tificial radioactive gases (ARG): 33Xe, 135Xe, 4lAr; whereas
the aerosols are dominated by short-lived nuclides (SLN) with
half-life less than 24 hours: $8Rb and 38Cs. Among the long-
lived nuclides (LLN) with half-life more than 24 hours, 6°Co,
54Mn, 2%Na, 3ICr, etc. are the main pollutants. lodine radio-
isotopes are present in the effluent in both the gas and aerosol
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Fig. 1. ZNPP location area map

forms. The quantity of 137Cs, 898r and %°Sr in the effluents is
insignificant. However, considering their high biological hazard.
continuous monitoring of their entry into the environment is
carried out. The releases of radionuclides to the atmosphere are
presented in Table 1.

The radionuclide content in free air of the ZNPP location
area during entire operating time, with exception of the period
of ChNPP accident impact, was found to be at the level of aver-
age annual background concentrations.

Table 119]. Radionuclide releases to the atmosphere
for the ZNPP operating period in 19851987,
in percentage of allowable emissions for NPP

Radionuclides 1985 1986 1987
ARG 1.6 3.0 1.4
SLN 0.0005 0.001 0.0073
LLN 0.0005 0.0043 0.0032
131y 0.1 1.9 1.0

A higher level of radiation survived approximately to the
middle of the next year (1987), following which it again became
close to the natural background of the area. No radionuclides,
being ZNPP release products, were observed in free-air aero-
sols of the region, except the acrosols taken over the NPP site
(Table 2).
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Table 2 [9]. Radionuclide content in the free air of the ZNPP location area, 1017 Ci/I

. Distance and direction Y Radionuclides
No Pois tf)(tal:;mtml from the pollution Year Tr;tcatlivt;ga— " - e
source Sr Cs Cs
1985 8.8 0.009 0.36 o
1 NPP site pumping station South-east 1986%* 20 0.60 2.6 1.1
1987 12 0.70 0.98 0.36
1985 n/d¥ n/d n/d n/d
2 Observation zone — Michurino 3.5 km, southward 1986** 16 0.6 1.4 0.67
1987 14 0.33 0.93 0.32
1985 9.0 0.008 0.22 A
3 Railway town «Luch» 4.9 km, eastward 1986%* 26 0.83 2.2 1.0
1987 10 0.39 0.99 0.37
1985 11 0.17 0.51 — R
4 Preventative clinic of ZHPP 5.5 km, north-east 1986%* 89 0.60 5.2 2.2
1987 18 0.65 1.9 0.75
1985 12 0.008 0.44 ki
5 | panitary and epidemiological Stion | 57y south-cast | 1986** 40 0.87 6.6 3.0
1987 16 0.72 1.3 0.51
1985 12 0.013 0.21 o
6 N. Vodyanoye 11.0 km south-east 1986%* 37 0.38 3.9 1.8
1987 16 0.44 1.2 0.44
1985 10 0.01 0.041 —
7 Kamenka 13.0 km, westward 1986%* 36 0.52 4.9 2.3
1987 13 0.68 1.6 0.62
1985 13 0.023 0.17 e
8 Checkpoint B. Znamenka 25.0 km, south-west 1986%* 28 0.66 4.6 2.1
1987 12 0.31 1.0 0.38

*n/d — undetermined;
** _ average value for the second half of 1986;
*#** 4—» — too small to detect.

Research Results. Studies have been made into the relation-
ship between the Chornobyl NPP accident and a sharp ag-
gravation of radiation situation in the ZNPP location area over
a period of 1986—1987.

The explosion at Chornobyl NPP unit 4 on 26 April 1986
was the largest disaster in the industrial history as regards both
the magnitude and the consequences for the mankind and wild-
life. It appeared that about 3 % of radionuclides accumulated
in Chornobyl NPP unit 4 by the moment of the disaster were
released into the environment. It amounted to ~ 30 MCi or
1.3x10'? Bq of radionuclides [10]. The Chornobyl cloud toured
twice round the earth and left its radioactive trail over a con-
siderable part of the Northern hemisphere. Nearly 200 of radio-
active isotopes in different phase and chemical forms drifted
in the atmosphere along complex trajectories over distances

54

of thousands of kilometers from the ChNPP. In May 1986,
many of them were detected in all the countries of the Northern
hemisphere, on water areas of the Pacific, Atlantic and Arctic
Oceans. The most notable among them were 3! and *’Cs ra-
dionuclides. The longest distances from the ChNPP were cov-
ered by 103Rb, 106Rb, 131, 133] 1327 134Cg, 137Cs and also by
radioactive inert gases present in vapor-acrosol mixtures and
submicrometer particles. That just determined the formation
of rather great-in-area radioactive “spots™ on the territories
of the majority of European countries. In the first hours and
days of the Chornobyl NPP accident, after release of radionu-
clides, of paramount importance were primarily radionuclides
1311= 133[= 1351 and also ““’La, 2391\]131 IHTC, 133Xe and 4°Ba.
In a few months, the pollution level was determined by 41Cs,
W03Rb, 95Zr and 39Sr. Two years after the disaster, the radiation
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Fig. 2. Stages of Chornobyl nuclear
release formation during the first e n.E‘“" /e
days after the disaster in accordance tanse
with meteorological conditions: T .
1— 27 April, 12 hours (Z time); oI =
2 — 29 April, 12 hours; S Spsuce A :
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pollution of the environment was mainly due to 44Cs, ¥4La | in the area of studies: 1) the dominating element is ?Sr (half-
and '6Rb and also due to **Cs and 137Cs. At the present time, | life is 29.12 years) and 2) the dominating elements are '34Cs
the pollution is determined by °°Sr, Pu and Am [11]. (half-life is 2.06 years) and 137Cs (half-life is 30 years).

To assess the ecological situation in the ZNPP location At the time of active release from the reactor (from 26 April
area, we have used the air test values taken at eight monitor- | to 5 May 1986), the wind around Chornobyl spun full 360 de-
ing points around the NPP in 1985—1987 (Table 2). The data | grees with the result that radiation releases (of different radio-
were processed with the PMF v3.0.2.2 code [12]. The procedure | nuclide compositions in different days) covered a great area
resulted in the identification of two principal factors observed | (Fig. 2).
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To make sure that the observed high radionuclide content
in ground air is due to the ChNPP accident discharges, 3D
modeling of 134Cs, 137Cs and %°Sr distribution in the airshed
over the 30-km ZNPP location area was performed. The area
is specified by the coordinates 47.27—47.76 north latitude and
34.23-35.00 east longitude.

[nitially. the air-mass trajectory in the first week after the ac-
cident was obtained (Fig. 3). Then, the air-mass trajectories
were calculated for a certain period of time when the east wind
first gave way to west wind (27—28 April), and then to north
wind (29 April — 6 May), with the result that the southern
regions of Ukraine, as well as Moldova and Romania, were
exposed to pollution (Fig. 4).
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Fig. 4. Direct propagation path from

by ﬂ;{r the ChNPP (coordinates 51.39 N
and 30.09 E) for 3 days (from 29.04.86
o[OPNGBK (1] 1.05.86, zero time), at heights
opniBKa

of 20 m (line /), 500 m (line 2)
and 1000 m (line 3). At a level
of 500 m, prevalence of pollution from
Chornobyl is observed; the releases
| are directed toward S-E to the ZNPP,
reaching the ZNPP location area at
heights of 500 and 1000 m on | May

The back propagation path (Fig. 5), which was defined from
the ZNPP for a period from 03.05.86 (Z time) till 27.04.86
(Z time) (6 days) at heights of 20 m, 500 m and 1000 m,
clearly shows that the pollution propagation originated [rom
the ChNPP.

The radiation situation at the ZNPP aggravated on 30 April
1986, when the wind took a stable southerly direction, and
the pollution plume from the ChNPP damaged unit 4 began
passing the south of Ukraine (Fig. 6). The basic calculations
of this situation have been made for the period from 29.04.86
to 2 May 1986.

As a result of information processed for the period from 26
April to 8 May 1986, we have obtained data on the concentration
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till 27.04.86, zero time
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and deposition particles of 134Cs, 137Cs and °Sr in this peri-
od. For the ZNPP, the main release of these radionuclides fell
on 1-2 May 1986, this being confirmed by radiological envi-
ronment monitoring data of the ZNPP survey points (Fig. 7).

Thus, direct and back paths of air-mass motion in the ZNPP
30-km area have been obtained; maps of 134Cs, 137Cs and
903r distribution within Ukraine after the Chornobyl accident
in 1986 have been drawn. The map processing suggests that
the radionuclide content in the free air of the ZNPP location
area had drastically increased after the ChNPP accident and
led to substantial environmental degradation.
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Conclusions

The distribution of pollutants within Ukraine during the first
week after the Chornobyl accident and its environmental impact
in the ZNPP location area have been analyzed.

Three-dimensional distribution of pollutants within the 30-
km ZNPP zone in 1986 has been determined, and confirma-
tory evidence has been provided that it was the Chornobyl
accident that caused a several-fold increase in the content
of radionuclides in the open air, water and soil of the region
in question.
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The present study has validated the method of pollution
source identification using measured concentrations of pollut-
ants and analyzed air-mass motion in the region under study.
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