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State Nuclear Regulatory Authority of Ukraine (SNRA) pays large attention to problem of
nuclear installations seismic stability. As a result the seismic design regulatory guides is
revised, additional seismic researches of NPP sites are conducted, seismic reassessment of
NPP designs were begun. The experts involved address all seismic related factors under
close contact with the staff of NPP, design institutes and research organizations.
Ukrainian NPP's units were designed (including seismic designing) in the 70s. The seismic
loads at that time were analyzed according to building regulatory guide SNIP ll-A-A.12-69*,
so the methods of seismic assessment and seismic safety NPP providing for structures and
equipment were not determined and were selected by designers.
In such conditions structures and equipment of Chornobyl NPP (ChNPP) and South Ukraine
NPP (SUNPP), which are considered in this paper as reference plants, designed for initial
seismic loads described by peak (maximal) accelerations from syntheses accelerograms of
Scientific-Research Department of Russian Hydroproject Institute. Then linear-spectrum
theory was used to calculate seismic response spectrum on structure's different high levels.
Because absence of the necessary computer's codes, the designing was executed mainly on
the basis of simple engineering formulas and methodologies. Strength and reliability levels
required were achieved by high supply coefficients. Available macroregion seismic data were
considered from the viewpoint of general civil and industrial building requirements. That is
why, the special measures were not considered necessary for the seismic strength and
stability at NPPs as other important objects on sites with seismic of 6 points and less.
In the 80s in the former USSR a lot of new regulatory guides was developed [1-8]. The
guides consisted new requirements to NPP seismic designing and assessment and
introduced the average seismic accelerograms which Russian Earth Physics Institute
elaborated for the European part of former USSR, including Ukraine. Guides had set of
seismic response spectra on different high levels of typical NPP buildings too. As it was
shown by the further researches, the last generation of Ukrainian NPP's units (WER-
1000/V-320 type) meet the seismic design requirements of new regulatory guides, but there
is no such confirmation for Units 1 and 2 of SUNPP and for ChNPP.
For this reason, the additional researches of site seismic characteristics were performed by
Ukrainian S.I.Subbotin Geophysics Institute for SUNPP (in 1987/89) and for ChNPP (in
1995/96) [9-10]. Under SUNPP site investigations, the sources of seismic hazard were
analyzed in nearest (radius R = 200 km) zone, in intermediate (R = 200-500 km) zone and in
remote (R = 500-750 km) one. Geological and geophysical characteristics were scoped at
SUNPP situation region (R = 150 km), location territory (R = 20 km) and NPP site (including
influence from artificial lake-reservoir Tashlik which provides for NPP needs).
There is specificity for each of SUNPP Units. Unit 1 (WER-1000/V-302 type) and Unit 2
(WER-1000/V-338 type) have separately standing containments (Figure 1). Unit 3 (WER-
1000/V-320 type) has containment enclosed by frame constructions (Figure 2). All units have
different foundation soil and hydro-geological conditions, but because of the above
mentioned reasons, have unified seismic input parameters. Site seismic input investigations
results defined more precisely the peak accelerations values for SUNPP (presented in Table
1). In this connection, SNRA required to confirm in Safety Analysis Report the seismic
stability of the SUNPP structures and equipment using new seismic input data. Table 1.
Expected earthquake peak accelerations on the South-Ukrainian NPP site SUNPP Unit70s
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g0.1789 g3.11Unit 20.05 g0.1932 g3.35Unit 30.05 g0.1819 g3.16 Additional site seismic
input characteristic researches as described for SUNPP were performed for ChNPP site too.
One of the most important problems of seismic stability is connected with "Shelter"
("Sarcophagus") at Chornobyl NPP which covers the ChNPP Unit 4 destroyed during the
severe nuclear accident at 26-th April 1986 [11]. "Shelter" (Figures 3-5) consists of the former
Unit 4 structures which retained after accident (reactor building framework elements, western
wall at axis 50, turbine building, deaeration rack, two ventilation shafts, unit "V" building
located between 3rd and 4th units with ventilation stack on cover, etc.). In addition, new
auxiliary and localizing structures were erected and mounted in 1986 (northern cascade wall,
northern and western butters walls, eastern separating wall between "Shelter" and unit "V"
buildings, B1/B2 beams units, "Mammoth" and "Os'minog" beams, tube floor, cover flat-
shields and L-shaped-shields etc.). New "Shelter" structures were erected under high
radioactive level conditions in shortest terms (during six months after accident) and,
according to common specialists opinion, the "Shelter" does not satisfy in total to regulatory
guides requirements for nuclear installations buildings. In particular, Alliance-consortium
performed analysis and made conclusion, that "... existing "Shelter" was not designed for
taking a seismic loads, which have sufficiently high display probability in Chornobyl region.
"Shelter" is not stable seismically". In these conditions, additional site seismic input
characteristic researches are very important, essentially, taking into account the recent
earthquakes at the nearest to Ukraine territories (in Turkey, Greece, Romania, Iran,
Azerbaijan, etc.).
Presently, the most dangerous (severe) accident expected at the "Shelter" is cover collapse
caused by earthquake and then radioactive cloud rising and spreading. In this connection,
the seismic researches for ChNPP site have the following main purposes:
1) to define more precisely the expected earthquake input parameters in order to nominate
the list and volume of further necessary measurements for building structures reinforcing
(stabilization);
2) to arrange the regional seismic monitoring system to gather seismic input information and
on early warning about seismic events and seismic waves approaching (in order to actuate
emergency dust suppression system by a few seconds earlier than seismic wave will reach
"Shelter" site). From 90s some Ukrainian organizations (first of all, Ukrainian S.I.Subbotin
Geophysics Institute, Scientific-Research Institute of Building Structures, "Energoproject"
Scientific-Research and Design-Explore Institute, etc.) performed additional research at the
ChNPP site in following directions:
1) estimation of seismic power of main seismogeneous zones;
2) analysis of historical and research information about real seismic input from main seismic
sources (Figures 6-9);
3) applying of the computing method for seismic input estimation;
4) installation of the seismic monitoring stations to study seismicity for two years and later on
both on-site and at remote territories (Figures 10-11);
5) geological and geophysics researches of geological and tectonic conditions for region with
radius 100-300 km and at ChNPP site;
6)determination of tectonic active fault zones, research of near site seismicity. If there are
seismic active faults, then near site possible earthquake zones are determined as their
parameters;
7) determination of seismic input for S1 and S2 earthquake levels (according IAEA Safety
Guides [12-13]) from all seismic zones, both close and distanced ones (with 5 points and
more);
8) realization of work for site seismic microregioning; determination of possible rising of
earthquake level because of soil conditions; estimation of final S1 and S2 earthquake level;
9) development of real analogue accelerograms; special numerical analysis performing for
generation of synthesized ones; they simulate main types of seismic input at ChNPP site and
arecharacterized by such main seismic vibration parameters as:
-maximal acceleration;



-dominant periods of oscillations;
-expected duration of high intensity vibration phase, etc.
Outcome of researches for ChNPP site determined three seismic activity zones:
1) Carpathian mountain region and Vranch zone with maximal magnitude 7.58.0 and
expected response level on ChNPP site is 6.0 (the most dangerous);
2) Crimea mountain region with maximal magnitude 2.03.0 which not actual for ChNPP site;
3) near-distance earthquakes inside of region with radius 100150 km, namely:
-Teterev fault zone I with seismic source parameters: maximal
magnitude - 3.6, depth - 5.0 km, distance from site -12 km;
-Teterev fault zone II with seismic source parameters: maximal
magnitude - 4.5, depth - 5.0 km, distance from site -14 km.
During researches the system of seismic monitoring stations was installed (Figures 10-11).
Using these stations, the information was obtained about seismic wave parameters and
waves distribution from natural and men-caused sources.
Results of seismic microregioning researches shown that rising of site seismic level because
of the site soil and hydro-geological conditions will be not more than 0.5. At the last stage of
researches using seismic monitoring results were synthesized generalized accelerograms for
ChNPP site. At present time, the international project "Shelter Implementation Plan" is
executed [14] to reconstruct (stabilize) "Shelter" and to converse it into ecologically safe
system. As example, the approach to reinforce B1/B2 beams units bearing zones is shown at
Figures 12-13.
In frames of this project, the group of experts from different countries analyses as Ukrainian
Geophysics Institute research results as other data about ChNPP site seismicity. The main
goal of experts work is to evaluate use of developed modern seismic monitoring system for
localization of dust cloud in case of "Shelter" cover collapse because seismic events.
Design of the existing emergency dust suppression system proposes a number of one-time
devices each with 1 m3 of special spray solution. Such devices should begin to work by 1-2
seconds earlier than seismic wave will reach "Shelter" site. System specificity determines
high requirements to correctness of definition of seismic event level because of the error
signal on start-up of a system will make it unable to operate.
To provide for an effective operation of emergency dust suppression system, a number of
new seismic monitoring stations should be installed:
1) near ChNPP inside of 30-km zone;
2) near Makarov city situated at distance of 150 km from ChNPP in direction to Carpathian
mountain region and Vranch zone;
3) at Ukrainian Carpathian mountain region most close to Vranch zone.
Mentioned researches and project provided for sufficient measures to assure a radiation
safety in the case of the most dangerous event during "Shelter" reconstruction (stabilization)
period and until nuclear fuel containing masses will be withdrawn from "Sarcophagus".
NB : Only Figs 1-3 and 8-13 are given.
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Table 2.

No

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Most powerful undercrust earthquakes of Carpathians zone (Vranch region) with magnitude M > 6.5

Date

12.02.1107
01.04.1170

13.02.1196

10.05.1230

11.09.1327

10.10.1446
20.08.1471

27.11.1516

08.11.1620

01.02.1637

09.08.1679

18.08.1681
12.06.1701

11.10.1711

11.06.1738

12.11.1778

06.04.1790
26.10.1802

17.11.1821

26.11.1829

23.01.1838

31.08.1894

06.10.1908
01.11.1929

29.03.1934

10.11.1940

07.09.1945

04.03.1977
30.08.1986

30.05.1990

31.05.1990

Magnitude

6.9
7.0

7.0

7.1

7.0

7.3
7.1

6.8

6.6

6.6

6.8

6.7
6.9

6.7

7.0

6.5

6.9
7.4

7.6

6.9

6.9

6.5

6.8
6.6

6.9

7.3

6.5

7.2
6.9

6.9

6.7

Intensity
in epicenter

7
8

8

8-9

8

8-9
8-9

-

8

7 - 8

8

8
8
-

8-9

6-7

8-9
9

8

8

8

8

8
7 - 8

8

9

7-8

9
7

8

7

inKyiv

3-4
3-4

4 - 5

4 - 5

4

4 - 5
4 - 5

-

4 - 5

4 - 5

4 - 5

3-4
4 - 5

-

4 - 5
-

4 - 5
5-6

5

5

4 - 5

3-4

5
4

3-4

4 - 5
-

5
-

4

-

Figure 6. Earthquakes catalogue (Vranch zone) with influence on Chernobyl NPP site.
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Figure 1. Containment VVER-1000/V-302 (South-Ukrainian NPP Unit 1) and VVER-1000/V-338 (South-Ukrainian
NPP Unit 2) types (section).

Figure 2. Containment WER-1000/V-320 (South-Ukrainian NPP Unit 3) type (section).
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Figure 3. "Shelter"-object ("Sarcophagus") above Chernobyl NPP Unit 4 destroyed during the severe nuclear
accident at 26th April 1986; complete "Sarcophagus" at winter 1997.
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Figure 9. Fragment of seismogenic zones and seismic regioning map for Ukraine platform part: 1 - seismogenic
zones with probabilistic maximal magnitude; 2 - borders of different intensity zones (5, 6 etc. points); 3 -
Chernobyl NPP site.
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Figure 8. Fragment of total seismic regioning TSR-87 map (temporary) of USSR European part. Earthquake
intensity in MSK-64 scale points for II category soils: 1 - 8 points; 2 - 7 points; 3 - 6 points; 4 - 5 points.

Borders of different intensity earthquake zones: a) authentic; b) less authentic. (For Eastern-European
Platform and Ural the maximal possible earthquake intensity is shown which conditionally accepted as S2
level).
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Figure 10. System of seismic observations by seismic monitoring method: 1 - profiles of depth seismic sounding; 2 -
points of observation using seismic stations "Progress-2"; 3- points of seismic waves Excitation; 4 -
ASS-6/12 installations; 5 - Chernobyl NPP; 6 - research area; 7 - depth faults; area of increased
seismicity; 9 - cities outlines.
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Figure 11. Geodynamics scheme of Chernobyl NPP location region: 1 - deep faults; 2 - Chernobyl NPP; 3 - ASS-6/12
installations; 4 - 30-km zone; 5 - 100-km area; 6 - source of local seismicity; 7 - epicenters of seismic
events.
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Figure 12. Strengthening of supports for B2 beams along axe 50/P.
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Figure 13. Strengthening of supports for B2 beams along axe 50/G.


