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INTRODUCTION

General scientific scope of the presented program is assessment of
stability and functionality of the nuclear power plants with RBMK type
reactors in relation to External Evens including following:

-seismic capacity of structures, equipment and distribution systems;

-capacity of structures for impact type loading;

-capacity of structures for blast type loading;

For the analyses only structures, equipment and distribution systems
which are responsible for safety shutdown path will be used.

Since 1980 Atomenergoproject has been participated in development
and carrying out the Research Program related to investigation of seismic
stability of RBMK NPPs. In general this investigation was done for
Smolensk and Kursk NPPs.

It is known that the design basis of seismic analyses is investigation of
dynamic characteristic ( main frequencies and main modes ) of structures,
equipment and distribution systems. Therefore the assessment of capacity of
structures and systems can be based on the results of seismic stability
investigations.

In the present final report some main results of dynamic analyses
reactor building, electrical buildings, storage building, pipe lines, separators,
electrical equipment's and etc. are described.



1. Seismological situation.

It is known, until recently, that the global experience of seismically
resistant of civil engineering construction is essentially concerned only these
installations, damage to which could results in some degree of material harm
and loss of human life, determined by the size and density of the population
of the earthquake zone only. This fact was reflected in our old standards and
other documentation.

The main requirements regarding the safety of installation in seismic
zones were formulated and standardized in such a way that, while the
technological systems of the industrial plant might be put out of action or
destroyed, the integrity of the fabric of buildings and other facilities was
ensured. Human life and most expensive technological equipment were
thereby protected.

The proposition also formed the basis for the accuracy forecasting of
earthquake intensity and for engineering methods of design facilities in terms
of their strengths, and for the same reasons the entire rang of industrial
equipment was not produced with seismic resistance in view.

In essence, all the problems of the seismic resistance of residential and
industrial installations consisted creating structures that would not be
destroyed in earthquakes.

The introduction of nuclear power plants into industry and their
construction in earthquake zone was greatly complicated the matter of then-
safety. It became necessary to build a seismically resistant complex of
structures, technological and engineering equipment, which, even under the
action of any earthquake, tidal wave etc., would protect the environment
from the consequences. In view of this factor it becomes necessary to
introduce measures which would guarantee the absolute integrity of all
reactor radioactive circuit, control, shutdown and residual cooling system,
together with structures supporting and enclosing them, etc .

In civil engineering construction uncertainties of earthquake
forecasting were compensated for by assumption regarding the behavior of
structures even when serious cracking occurred. The safety of nuclear power
stations, however, is ensured by the integrity of a wide range of structures
and by the normal operating capability of numerous items of technical
equipment over considerable periods of time.

The problem is the further complicated fact that an earthquake, acting
indiscriminately on all components of nuclear power plant, affects not only
the basic systems and the process control systems but also the systems
intended to localize possible damage to technical equipment.



Using such approach and data from the results of calculations,
experience of earthquakes, according to our old standards structure can be
build without special measures for the seismic protections if the seismicity of
the area is less then 6 by MSK-64 scale.

According to the old map of seismicity seismological situation around
the Leningrad, Kursk, Smolensk, Ignalina and Chernobl NPPs in that time
was accepted less then 5 by MSK scale and therefore for the units those
nuclear power plants were designed without seismic load and special
protections of the equipment.

After Vracea earthquake in 1977 new standard of calculation and
design of NPPs was prepared, and it was necessary to review the main
position of the old standards, including analysis of the seismological
situations.

In this case since 1980 the program of seismological investigations of
all RBMK sites has been accepted.

By the results of investigation, which was done after 1981 using the
literature data, the new set of designed accelerograms was accepted with the
following data:

- for Smolensk and Chernobyl the long period accelerograms were
accepted from Carpathians earthquakes with the level of intensity
S2 -6 ( 0.05g ) and SI -5 ( 0.025g ) by MSK scale;

- for Kursk two acellerograms were accepted: the short period
earthquake accelerograms with intensity S2-7 ( 0. lg ) and long
period SI - 6 ( 0.05g).

Complimentary investigations, which were done starting from 1983 on
the base site, the investigation data shows that the waiting intensities are: for
the long period earthquake - maximum acceleration 0.04g and for the short
period - 0.05g.

Therefore all new designs were accepted for reconstructions and new
units should be calculated using data for Kursk NPP :

- SI- recorded in Scope from Vracea Earthquake with the maximum
acceleration 0. lg.

- S2- Short period Artificial Accelerogram with the maximum
acceleration 0.5g.



2. Seismic qualification for buildings and equipment of RBMK NPP.

Seismic qualification of engineering structures, mechanical and electrical
components are carried out in accordance with standards [ 1 ].

Taken into consideration the fact, that the first Unit of Kursk NPP has bin
under operation without faults during Vrancea earthquake in 1977, analyses of the
seismic stability should by done only for the equipment of the 1 category.

Building structures, technological and electromechanical equipment, pipes,
devices and so on depending on the seriousness of their importance to safety under
seismic force and possibility to operation after the earthquake are divided into three
categories of seismic stability.

Category I of seismic stability involves:

• systems of normal operation and their elements, failure of some of them under
seismic load up to MEE inclusive may result in emission of radioactive
products im the amounts leading to dose loads on population in excess of the
related values for the maximum design accident according to the current
"Sanitary rules for design and operation of nuclear power stations (SP APS-
79);

• safety systems ensuring the maintenance of the active zone of the reactor in a
subcritical state, emergency diversion of heat from the reactor, localization of
radioactive products;

• buildings, structures, equipment and their elements, mechanical damage of
which under seismic load up to MEE inclusive by means of force effect on the above
mentioned systems, may result in their failure to work.

Category II of seismic stability: involves buildings, structures, equipment and
their elements (not included in Category I), the failure of work of which in whole or
in part may lead to a break in production of electric power and/or to dose loads in
excess of permissible annual loads stipulated per year for normal operation under the
current standard documents.

Buildings, structures, equipment and their elements of Category II of seismic
stability are subdivided into two subcategories.

Subcategory Ha includes structures, equipment and their elements of category
II of seismic stability located inside hermetically reactor building and not included in
Category I.

Subcategory lib includes buildings, structures, equipment and their elements
not included in subcategory Ha.

Category III of seismic stability includes all other buildings, structures,
equipment and their elements not included in Categories I and II.



Elements of one functional system may refer to different categories
undertaking special measures to divide them (cutting off, regulating fittings, etc.).
Elements and joints used for division refer should be related to a higher category of
earthquake resistance.

Equipment, components and structures are done and designed in such a way
that failure of elements of a lower category does not lead to a failure of damage of
elements of a higher category. In an opposite case they should be referred to a higher
category.

Buildings, structures, equipment and their elements of Category I of seismic
stability should fulfill their functions in ensuring safety of AS during and after an
earthquake of an intensity up to MEE inclusive. At an earthquake up to DE and after
it should maintain possibility to operation.

Buildings, structures and equipment and their elements of Category II of
seismic stability should retain their possibility to operation after an earthquake of an
intensity up to DE inclusive.

The designing of buildings, structures and equipment of Category III of
seismic stability is made in accordance with the current standard documents

The following structures and equipment I category was calculated and tested:

- Reactor buildings;
- Turbine hall and Electrical building;
- Storage buildings;
- Main Circulation Circuit;
- Separator drums;
- Pipe lines;
- Electrical Equipment. .



3. Structures.

Analyses of seismic stability structures was carry out for I category of
following buildings:

1. Reactor building:
1.1 Building of reactor unit.
1.2 Building with chimney between of reactor units.
1.3 Building of supporting systems of reactor units.

2. Turbine hall and electrical buildings.

3. Storage buildings:
3.1 Building of storage radfuel waste.
3.2 Building of storage liquid and hard waste.
3.3 Building of storage liquid waste.

The main task of this investigations was estimate main frequencies, modes,
floor response spectrum and, using the recommendations of standard [ 1 ] related to
calculation of structures, analyses of stability this constructions

As a design model was used stick model with the masses which was collected
on the each floor as a half of the weight upper and low floors.

Number of modes was calculated not less then 15 Hz.

Damping factor was 5 %.

The rapport are presents only results of calculation of main frequencies and
modes.(Fig 1-6).

The main results of this calculations - all of calculated buildings are stability
up to 0. Ig acceleration.

For the verification of results calculation main structures modeling
investigation was accepted. Two gypsum model 1:100 scale of Reactor Units
Building with the variation of stiffness was carry out. Testing was done on the
vibration table 2 ton. capacity, with the 2- 2KHz frequencies.

Results of testing was close to calculation results in case of main frequencies
and modes { 2 }.

The results of modeling investigation to confirm the possibility as a design
model to be used stick model with the distribution mass.
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Fig 1. Building of Reactor Unit. Main frequencies and main modes.
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Fig 2. Building between two Reactor Units. Main frequencies and main modes.
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Fig 3. Building of supporting systems of Reactor Unit. Main frequencies and main
modes.
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Fig 4 Turbine Hall and Electrical Building. Main frequencies and main modes.
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Fig 5. Building of Storage Radfuel waste. Main frequencies and main modes.
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Fig 6. Building of Storage Liquid and Hard waste. Main frequencies and main modes.
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Fig 7. Building of Storage Liquid waste. Main frequence
encies and main modes.



4. Equpment.

4.1 Dynamic calculation and analyses of piping systems.

Design of pipelines is carried out in two stages:
- analyses of dynamic characteristic pipeline;
- verification of seismic resistance;
Traditionally for calculation pipeline 1 category it is necessary dynamic

methodology of analyses using accelerograms.
For practical purposes, wide use is made of a procedure in which a dynamic

piping system reduces to a static one. Its essential point is that the forces due to mass
loads are sustained by equivalent forces due to seismic loads, if it is assumed that the
direction of the seismic load coincides with the direction of the maximum
displacements due to the mass load, and for this reason the dynamic analysis makes
use of the rate and shape of the oscillations obtained for the maximum displacements
along all three axes due to the mass load.

In this procedure the following arbitrary notations and definitions have been
adopted: a - standard nominal stresses permitted in the metal of the piping; a2 -
normalized stresses determined for the sums of general or local component membrane
stresses and general bending stresses (without allowance for compensation stresses);
C T ^ - maximum normalized stress in the piping due to dead weight. It is determined
by the ratio maximum moment M (due to the mass load) to the section modules of
bending W; x, y, z -the main co-ordinates; fi>x (y,z) - frequency of the first mode of the
natural oscillations of the piping; (a,W) - amplitude-frequency characteristic of the
seismic load on the foundation of the building; k -a damping coefficient taking the
values recommended by the standards or based on the results of full-scale
experiments; kh - a coefficient characterizing the dynamic character of the building in
which the piping system is located. IT is equal to the ratio of the maximum value of
the acceleration of the corresponding floor accelerogram (obtained for a specific
building structure at the maximum elevation of the attachment of a stationary piping
support) to the value of the calculated acceleration for the accelerogram at the base.
This is a coefficient of the variation in vertical acceleration of the building.
a° max, x (y,z) is a dimensionless coefficient corresponding to the value of acceleration
in fractions of the acceleration of gravity according to the response spectrum for a
specific component of seismic load at the level of the base of the building; ann.x (y,z)
is the same, for the corresponding elevation of the attachment of a stationary piping
support; a°n.x (y,z) is a dimensionless coefficient corresponding to the value of
acceleration in fractions of the acceleration of gravity for the corresponding frequency
of the first mode of vibration according to the response spectrum, for a specific
component of seismic load, for the corresponding elevation of the attachment of a
stationary piping support; (as)s2 is the stresses due only to the seismic load.

Piping which has gone through the construction stages and strength analysis
under static and cyclical loads are than analyzed for strength under seismic loads.
The effective stresses (a 2) and (a$ )s2 *n the piping can be determined from the effect
of the non-seismic loads of the first stage (internal pressure, dead weight) and of the
seismic loads.



The seismic methods of seismic strength analysis consist in the static
calculation of (as) S2 for the seismic components.

In the analysis use is made of programs and results from static strength
analysis of piping. The customary static calculations are supplemented by a
calculation in connection with the projection of mass loads on the axes of co-
ordinates. In the case of programs providing for the specification of a mass load only
in one (vertical) direction, the directions of the axes of co-ordinates have to be altered
in such a way that the mass load is given in the horizontal direction. The
determination of (cs)s2 *s m a ( te at a temperature of 20°C, at zero values of "natural"
displacements of pinched type end cross-sections and at zero internal pressure.

In the preparation of the design diagrams for the appropriate direction of the
axes of co-ordinates, account is taken of the supports limiting the displacement of the
piping along this axis. If the piping system has any branches, each branch is
evaluated for strength. The following quantities are taken into account for the
calculation of (as) S2 • the maximum value of a „ „ which is obtained for the n-th
branch; the corresponding maximum value of (a)2 for the n-th branch; the values of
the displacements obtained in the n-th branch. The design diagram of the piping
system for a dynamic analysis on the basis of static calculation is designed in such a
way as to ensure a significant extent that account is taken of the reciprocal effect of
the branches of pipelines in the framework of the adopted program and within the
limits of permissible accuracy.

A strength evaluation is performed individually for each component of seismic
excitation. The seismic load is represented by the response spectra. The strength state
is assumed on the basis of currently valid standards. The criteria of strength for
seismic loads are estimated in accordance with the Eq.:

Ai«i (6)

The following starting data are needed for making the calculations:
(1) the geometric and operational parameters of the piping system;
(2) the rigidity characteristics of the supports;
(3) the results if the static calculations;
(4) the response spectra at the elevations of the building foundation or of the piping
supports.

The calculation of piping strength exposed to seismic loads is performed in
the following sequence: (crs )s2 is determined for the components of seismic loads
coinciding with the direction of the action of inertia loads projected onto the axes of
co-ordinates of the piping system;
(2) the stresses in piping components are estimated in accordance with expression ;
(3) the strength conditions for support structure are verified taking into account the
additional loads due to seismic excitations;
(4) conclusions regarding strength are drawn.



The determination of stresses due to seismic loads is carried out in steps
according to the following expressions. Firstly, for the case where there is no
response spectrum at the level where the stationary supports are attached:

and, similarly, for the other components of the seismic load (y,z); Secondly, when use
is made of the response spectrum at the level where the stationary supports are
attached: p

and so on, for the other directions of the seismic load (y,z).

If the strength conditions are satisfied, further calculations may be dispensed
with.

If the strength conditions are not satisfied, the calculation is performed with
allowance for the frequency of the first mode of vibration.

The frequency of the mode fijX (y,z) of vibration for a specific component of
seismic excitation is determined by using the value for the maximum displacements,
obtained by means of additional static calculations in the case of the effect of a mass
load on piping as projected onto the axes of co-ordinates:

»

where g is the acceleration due to gravity (m/s2); Q, is the mass of the j-th section of
the piping obtained from the span between the corresponding points of the diagram
used for the static calculations; a*, of ; OjZ are displacements of the center of
gravity of the j-th section, when the piping is subject to the effect of a bulk load
projected onto one of the directions of the axes of co-ordinates in accordance with the
expressions:

s M,«

The frequency of the natural oscillations can also be calculated by other methods,
which are in good agreement with the potentialities of the static calculation program.

If the strength conditions are not satisfied, additional supports or dashpots are
inserted along those axes of coordinates for which the strength conditions are not met.



In this case the calculations are repeated on the basis of the diagram with additional
supports that have been inserted.

To determine the additional loads due to the piping, on the equipment and the
stationary supports, use can be made of the results of the static calculations, i.e. the
value of (as) S2,x, (SS)S2,Y and (as)s2,z • The equivalence coefficients of the seismic
loads are determined by the static method from the expressions:

Using static and dynamic methodology more then 40 pipeline of the I
category was calculated. Below are results some of main pipelines calculation

Maim Circulation Circuit Main Frequencies Hz

3-D Model 0.3; 0.4; 0.82; 0.88; 1.38; 1.8; 2.15; 2.40;

Analyses of seismic stability MCC system are shown, that it is not necessary
additional seismic protection supports up to 0. lg.

Feed Water Piping Main Frequencies Hz

3-D Model 0.51; 0.93; 1.31; 1.48; 1.73; 2.48; 2.53;

This pipelines system require of seismic protection supports.

Line of Steam Piping Main Frequencies Hz

3-D Model 0.32; 0.39; 0.69; 0.77; 1.50; 1.96; 2.3;

This pipelines system require of protection supports.



4.2 Pipelines Equipment.

RBMK pipelines equipment are similar of WWER equipment, accept of Main
Circulation Pump, Separator Drum ect. In this case many of results testing and
calculation of pumps, valves, ventilation systems, motors ect. was used for analyses
of similar RBMK systems.

One of the complicated problem was analyses of dynamic characteristic, behavior and
reaction on the seismic load of Separator Drum.by calculation. In this case was done
modeling investigation of the model 1:8.5 scale. Metallic model with two separator
drum, rolling and telescoping supports, all of connecting pipelines ( about
800 connections ) was carry out. Investigation of main modes, frequencies, damping
factors and displacement different parts of Separators was done by testing the model
on the 50 ton. capasity seismic platform .

A the main results of this investigation - main frequency is between 0.3-0.5
Hz and damping factor about 2 %. Value of displacement to depend on frequency
arrange of accelerograms.

On the base of results this investigations was developed recommendation of
upgrading of seismic stability sepataror drum up to 0. lg.



4.3 Electrical Equipment.

Results of Testing some main Electrical equipment

Table 4.3

Item

1

Functional
description

2
F, Hz

3

Without

4

Seismic protection

Type of failure
5

KTP-SN-0.5 Provision of
energy for own
needs

8-14 5-24

KTP-SN-1000-
10/0.4

KRU KE-6/40 10-18 3-5

RT30-69 5-10 5-40

ShPT-9-11 48 V power
supply panel for
emergency
lighting and
signaling,
constitution of the
diesel generator
control

7-20 5-10

Spurious activation of RT-
40 relay of the RU-21
annunciation in the circuit
breaker of the AP-50-2MT
transformer, the RT-40
relay, damage to the E378
voltmeter, and to the AS-
220 fitting

Damage to metal
constructions, faults in RV-
123 time relay, failure of
RT-40 relay

Spurious actuation of EV-
235 time relay, RT-40
relay, PAE-411 and PME-
071 magnetic starters;
failures of AS-220
apparatus



1

Control and
protection
system,
panels PIV-1,
PSP-1, ROM-
2, PP-18,
PAK-1, PRK-
1, PP-19,
PGU-3, PFS-
1, PRS-1,
PKU-1, PSU-
2, ARM-5S

Continuous
feed set

SN-16-1152

Continuous
power supply
sets, 16-800 kW
capacity

PT6, 3/160 Electric pump set

SK-16 Accumulator

401,402,
426-P

6-25

13-15

4-12

5-15

6

3

Failure of signaling
equipment, voltmeter,
damage to cable
installation, weakening of
plug joints

Weakening of volt unions

Detachment of plates,
precipitation of lead oxide,
destruction of cell jar

Traces of electrolyte on
body

Section of cable 7-12 2-5

Amax . acceleration the cabinets
Ki - Dynamic coefficient and can be calculate as

Amax. ground acceleration



CONCLUSIONS

1. On the basis of the data site seismological investigation, calculations
and different type of testing structures and equipment it was accepted, that
the RBMK NPP is the Seismic Stability NPP up to 6 intensity by MSK-
64 scale.

2. The results of calculation and testing investigations can be use for
the dynamic analyses on the external events blast and impact loading.

3. Using the results the probability analysis should be done.
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