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1. Introduction

At the present time there is an extensive program underway for
the evaluation of the seismic safety of Paks Nuclear Power Plant,
and for development of the necessary safety increasing measures.
This program until now included five main activities:

- investigation of methods, regulations and technics utilized for
reassessment of seismic safety of operating nuclear power plants
and promoting upgrading of safety;

- investigation of earthquake hazard;

- development of concept for creation of the seismic safety
location of earthquake warning system; and

- determination of dynamic features of systems and facilities
determined by the concept, and - casually

- preliminary evaluation of the seismic safety.

In the present summary an overview of the results of the above
activities is given. Having on mind the preliminary character of
the performed investigations, and the activities to be performed
in 1993, in the present material we limit on summary of
investigation of dynamic features of building structures, the
building dynamical experiments and experimental investigation of
the equipment. The evaluation of the technological systems, among
them that of the reactor and the primary circuit is anticipated
to be finished in 1993.

2.The basis of the realization of seismic safety

The competent earthquake, characteristic for the site, the safety
requirements and the methods, criteria of evaluation of
suitability make the basis of earthquakeproof design, and that
is at the same time the basis of the reassessment of the seismic
safety of the operating power plant as well.

Having on mind that at the present time there are no Hungarian
standards or regulations for this area, in the domestic practice
the recommendations of the International Atomic Energy Agency
(IAEA) (50-C-S [9], 50-SG-S1 [10], 50-SG-D15 [11]) and
regulations of certain countries (USA, Japan, Germany) are
considered as competent ones. Furthermore, it is taken into
consideration that during the revision of the Hungarian Nuclear
Power Plant Safety Regulations, the regulation of questions of



the seismic safety was done with utilization of Finnish
requirement YVL 2.6. [12]

3.Design seismic safety of Paks Nuclear Power Plant

In documents of the nuclear power plant there is - usually - only
a stereotype sentence saying that "the design was made according
to valid Soviet norms and procedures", indicating the
requirements, which were followed during the design. For that
reason the evaluation of the design is problematic, having on
mind that the designer has followed beyond published requirements
and standards a number of internal regulations as well.

According to item 3.1.11. of the valid at the time of the design
Soviet regulation PBJA-04-74 "Safety Rules of Nuclear Power
Plants" [20] the systems necessary for assurance of nuclear
safety were to be designed for loads caused earthquakes,
according to the valid regulations. During the design the SNiP
(for e.g. SNiP 11-21-75 [21], SNiP 11-15-74 [22]) was in force
for design of building structures; for technological equipment
the norms published in literature e.g. in [23], and for
experimental investigation and qualification of equipment and
installation the GOST 16962-71 [24]. In 1978 a document titled
VSN-15-78 "Preliminary norms for design of nuclear power plants
for seismic sites" was published. After that the design was made
taking into consideration the seismic risk of the site, but in
case of certain started projects it was neglected. During
eighties a Soviet regulation complying with the Western practice
was established in question of seismic safety, proved by
literature [27-33]. Anyhow the development of the regulation
influenced the V-213 model of WER-440s, so the Paks Nuclear
Power Plant as well.

The definition of the design base earthquake in not given in the
presently available official documents (Technical Design,
PSAR), probably the maximum earthquake anticipated in 10.000
years period should be considered as competent one.

According to Technical Design Vol.IX. [7] "The seismicity of the
construction site of Paks Nuclear Power Plant is 5 degrees
according to MSK-64 scale. The consideration of seismic
influences is performed in accordance with the valid norms and
rules."

In the PSARs, there is information given concerning the applied
norms and rules, so for example according to PSAR of unit 1. [8],
in the design, on the basis of the above mentioned base value
"the requirements of regulation SNiP-II-Al2-69 were taken into
account", which - citing the PSAR - prescribes, that "sizing of
the civil engineering structures for seismic impacts should be
performed in the case if the seismicity of the given site is not
less than 7 ball. So - in accordance with the approved technical
design - neither the construction design contained measures for



increase of seismic safety of the nuclear power plant equipment
and structures."

From the above written derives that according to the general
civil^ engineering strength norms applied during the design the
dynamical impacts of earthquakes of less than 7 degree intensity
could have been neglected when taking into account the constant
and additional loads (within the applied safety factors).
Concerning the sizing of the technological equipment there are
no references to standards neither in the Technical Design
Vol.IX., neither in PSAR.

So, according to the design

- the safety of the power plant is guaranteed in case of
earthquakes of degree 5 intensity;

- the safety of the civil engineering structures of the power
plant (above all the main building) is anticipated in case of
earthquakes with intensity not more than 6 degrees.

In case of objective evaluation of the seismic safety it is more
practical to take into account not the intensity but the value
of the maximum horizontal acceleration. According to the latest
investigations on the site of Paks Nuclear Power Plant an
earthquake of 6.2 intensity degree according to MSK-64 scale -
due to local effects - corresponds a maximum horizontal
acceleration of 0.06 g [34]. However, it would be misleading to
rely on actual data related to the site, but the valid in the
Soviet Union at time of Technical Design norms are to be taken
into account, on which the cited SNiP was based. According to
GOST 6249-52 [35] a 0.0122-0.0155 g maximum horizontal
acceleration interval belongs to 5 degree intensity. To 7 degree,
mentioned in PSAR as limit value, a 0.051 maximum horizontal
acceleration value can be corresponded, which is the upper limit
of the acceleration interval of the 6 degree intensity.

The formal statements cited from the documents of the power plant
do not characterize the real seismic safety neither the V-213
model, nor the Paks Nuclear Power Plant. The real seismic safety,
which can be considered as significant due to built-in strength
margins, can be determined only by detailed reassessment.

4. Basic principles of realization of seismic safety upgrading

The seismic safety upgrading has to be based on the following
facts of negative influence:

- actually the power plant has not been sized for dynamical
impacts, caused by earthquakes, the equipment, components were
not seismicly qualified by the suppliers, today it is practically
impossible to obtain such qualifications from the (former Soviet)
suppliers;



- according to the present judgment the maximum horizontal
acceleration of the characteristic for the site SL-2 earthquake
is about ten times higher than the supposed at the time of the
design;

- the maximum horizontal acceleration value of the SL-1
earthquake is once again much higher than the value given in the
design.

On the other hand the preliminary investigations performed since
1987 indicate that the main building and the important from point
of view of safety main equipment and pipelines have considerable
strength margins. This fact is supported indirectly by safety
analysis of W E R units performed upon request of the USA
government [36].

Due to above described facts the following basic principles might
be established:

- The power plant should be made safe for the maximum design base
earthquake, the SL-2 level.

- The safety requirements for the case of SL-2 earthquakes can
be only met if the number of systems, equipment necessary for
assurance of seismic safety will be minimized.

- With reasonable from technical economical point of view efforts
the continuous operation of power plant cannot be assured in case
of earthquake of much higher intensity, then earthquake of 5
degree intensity indicated in the Technical design, neither can
be guaranteed the restart of the power plant after an earthquake,
less than the maximum designed one.

During creation of seismic safety the following items are to be
taken into consideration:

- the earthquake cannot result a pipeline break in the primary
circuit, the primary circuit should be enforced accordingly;

- no offsite electrical source is available.

During reassessment of the seismic capacity and planning the
safety upgrading measures such methods are to be used which take
into consideration the characteristic features and limit of
modifications of an operating nuclear power plant.

Due to lack of domestic regulations the suitability of the basic
principles is proved by their comparison with the international
practice.

5. Concept the seismic safety

In the case if we would use the "normal" technology for cooling-
down, borating and long term cooling, then due to high number of



the equipment and pipelines to be reinforced the seismic safety
would be - within reasonable limits - unachievable. According to
that a special procedure is to be developed for shut down of the
reactor, borating arid cooling down as well, as for long term
cooling and the preservation of leaktightness of volumes
containing high activity media as well as for liquidation of
consequential damages caused by the earthquake.

The concept of the seismic safety of the power plant determines
this procedure, which is summarized in the followings:

5.1 Seismic protection system for shut-down of the reactor

Such a system should be installed to each unit, which provokes
a protection functions in the case if on competent points of the
main building (on the base plate) the measured acceleration
signal in beyond a determined value. The seismic protection
system should from point of view of number of channels, logics,
redundancy and reliability comply with the existing unit
protection system. This protection should be, on the basis of
experience gained in manual operational mode, of automatic
operation.

5.2 Borating, cooling down and long term cooling of the reactor

It is supposed that prior the earthquake the units are operated
at nominal power according to the valid operational procedures.
The diesel generators, and the active and passive systems of
emergency core cooling system (ECCS) are in stand-by condition.

At exceeding the adjusted acceleration limit value an "Earthquake
signal will be sent to emergency protection of the reactor. The
SCRAM signal generated by the earthquake protection system will
shut down the reactor. An impulse signal will be given to shut
down the turbogenerator unit as well. Simultaneously the diesel
generators will be started and the post earthquake step-by-step
start-up program initiated.

After the run of the protection programs the unit will be in hot
stabile condition.

The compensation of the volume caused by borating and cooling
down will be done by the operator by high pressure ECCS pumps
(TH10, 20, 30D001).

The cooling down of the reactor might be divided into the
following phases:

First phase - Cooling down to approx. 130C of primary
temperature:



- regulated steam blow-down via safety valves of steam
generators;

- the water level ..in steam generators is assured by emergency
feed water pumps (UTSZ, KUTSZ);

- the decrease of the primary circuit pressure is done by steam
blow-down from the pressurizer to bubbling tanks via the blow-
down line (YP12).

Second phase - Cooling down to primary circuit temperature of
60-70C.

- decrease of primary circuit pressure to value of 0.4 MPa;

- starting of the low pressure ECCS system, along with the new
primary circuit cooling system to be established (cooling of the
primary coolant through ECCS heat exchangers)

Keeping cool:

- continuous circulation of the primary coolant by low pressure
ECCS pumps through the ECCS heat exchangers, in order to assure
the cooling of the active core.

The limits of the above described technology determine the circle
of the systems, equipment assured for maximum design earthquake.
Safe disconnection should be established at the so determined
system border by the existing or newly installed quick valves
that close upon earthquake signal.

The adequate electric power supply of consumers defined in the
seismic safety concept should be assured. According to that the
system of the safety electric power supply system should be made
eaxthquakeresistent.

The measurement and I&C conditions necessary for shut-down of the
reactor, its monitoring and cooling technologies are to assured.
The so determined measurement and I&C systems are to be made
earthquakeproof.

The leaktightness of those volumes (systems, tanks, pits) should
be preserved, the damage of which during an earthquake would
increase the risk of releases to the environment or hamper the
safe post-earthquake management of the power plant. The safe
disconnection of the significant volumes containing radioactive
media from the non-earthquakeproof environment should be solved
by newly installed or the adequate existing quick valves.

An organic part of the seismic safety concept is the analyze of
the effects caused by an earthquake, not belonging to the area
of nuclear safety, but significantly influencing the post-
earthquake situation (fires, floods). Here belongs also the
sufficient completition of the Emergency Preparedness Plan, and
review of the infrastructure requirements of the post-earthquake



emergency management. This part of the concept has not yet been
prepared.

5.3 Classification of structures and systems

From the point of view of the safety target defined in the
previous chapter should the buildings and technological systems
be classified. In this subject we do not follow strictly the
IAEA's classification system, but keep more to the Finnish
regulation, which is more suitable from practical point of view.

To the I. category are enrolled those systems the error of itself
could provoke accident by itself, and those systems which
during or after the earthquakes should remain in operation or in
stand-by mode according to the seismic concept.

To the II. category belong those systems the structural integrity
and leaktightness of which is necessary for preservation of the
nuclear safety and do not belong to the I. category. Such is for
example the liquid, solid and gaseous waste system, etc.

To the III. category are enrolled all the remaining systems and
equipment.

The buildings belonging to the I. category are those facilities
which incorporate the systems and equipment of first category
from point of view of safety, and act simultaneously as hermetic
border to the environment. Such are for example the reactor
building and a part of the auxiliary building.

To the II. category belong those buildings which contain
important from safety point of view, first category equipment,
but do not have any other functions. Such are the diesel machine
hall, the water pump station, the pipeline corridor of the
contaminated liquids, the galleries with the control rooms and
the communication lines.

To the third category belong all the remaining buildings,
including the turbine hall.

Those buildings or equipment the damage of which might cause the
damage of a higher category system, are enrolled to the given
higher category.

6. Method of the reassessment

During the afterwards evaluation and establishment of the seismic
safety of the Paks Nuclear Power Plant the practice used during
design of new power plants cannot be strictly followed. The
method and criteria of the seismic safety reassessment should be
determined taking into account the characteristic features of
the operating nuclear power plant.



6.1. Analysis

There were extensive investigations performed in field of the
reassessment of seismic safety of operating nuclear power plants
during the past two decades, primarily in the USA upon initiative
of the NRC. On the basis of the established methods the
reassessment of the seismic capacity of the operating nuclear
power plants can be performed by three approaches: according to
deterministic design procedure and standards, by seismic margin
assessment (SMA), or by seismic PSA.

An object-lesson of the seismic PSA was the investigation
performed on Zion unit 1. [31]. The PSA gives an answer to the
question what is the probability of the core-melting following
of an earthquake and which are - from the point of view of core-
melting - most sensitive parts of the power plant, but the PSA
does not replace the design information, which is totally lacking
in case of the Paks Nuclear Power Plant, and at the same time is
absolutely necessary for the planning of the safety upgrading
measures.

Due to the above written during the seismic safety reassessment
of the Paks Nuclear Power Plant the deterministic design
procedure and the SMA method is going to be followed.

The SMA investigation method seeks for answer if the given
nuclear power plant is capable to stand with sufficient safety
an extreme earthquake - which is beyond the SL-2 level considered
during the design phase - a so called control or new SL-2 level
earthquake.

The seismic margins (SM) determined for structures, systems are
to be interpreted according to the High Confidence of Low
Probability of Failure (HCLPF) concept. The HCLPF seismic margin
is a conservatively determined margin, in case of which is known
with 96% precision that the probability of the failure does not
exceed 5%.

The HCLPF seismic margins will be determined by Conservative
Deterministic Failure Margin (CDFM) method. The CDFM method is
practically the utilization of the design procedures and
standards, but is in some cases - taking into account the
specific features of an operating nuclear power plant - in
certain way more liberal [38,39].

Some principal elements of the CDFM method are summarized below:

- The input free surface response spectrum should be given for
84% probability, that is for 16% risk level.

- The control earthquake level (SL-2) should be combined with LI,
normal mode loads and all the loads should be taken into
consideration with single safety factor. (Only the containment
is a certain exclusion).



- The damping values are practical to be recorded according to
NUREG/CR-0098 [40]. The calculation of the soil-stucture
interaction should be performed with average parameters. In case
of the floor response determination the response spectrum should
be created by the frequency shifting method.

- The determination of the HCLPF capacity of the equipment,
components should be done according to the failure mode of the
which is determined experimentally, by expert's examination and
judgment.

- In case of determination of seismic capacity the ductility can
be taken into account. The determination of the capacity
generally can be done by limit loadability, since the occurrence
of loads exceeding the loads and load combinations used during
the reassessment has extremely low probability. In case of
concrete, reinforced concrete structures the ACI 318-83 [44] or
ACI 349-85 [45] standards are applicable. In case of steel
structures the AISC -Plastic Design [46] can be applied,
especially in case of platform structures and fixing elements
of equipment. Investigation of pressure vessels, pump cases,
tanks, pipelines should be performed according to ASME BPVC
Section III, Division 1. [15], Service Level D for all non-
functional failure mode. In case of linear analysis the seismic
response can be decreased by kD ductility factor in case of every
non rupture failure mode. Knowing the allowed ductility for each
equipment class the kD factor can be calculated according to
[47].

6•2 Experimental method

The determination of the suitability of the equipment, especially
ascertainment of their operability can be done by experimental
way for example according to regulations [11], [16] and [17].
Rules for determination of HCLPF capacity are in papers [38-39].

In case of qualification of seismic capacity of the Paks Nuclear
Power Plant the experimental method can be used in a limited way
in those cases where there is a possibility for a shaking-table
test of the spare equipment, or in cases in which the domestic
low capacity experimental equipment are suitable.

The full-scale building dynamical experiments make up a separate
category of the experiments, aiming the modeling of the building
structures and checking of the calculated dynamical features.

6.3 Utilization of experiences of earthquakes

The Seismic Qualification Utility Group (SQUG) in the USA has
developed a procedure, the Generic Implementation Procedure
(GIP), by which the experiences gained during real earthquakes
can be utilized at qualification of equipment of operating
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nuclear power plants [48]. Taking into account that there are
certain limits of afterwards qualification of the equipment of
operating nuclear power plants it essentially necessary to use
the GIP method, and/or database. This utilization requires
solution of specific problems, as the experience of behavior of
the equipment of Western origin during earthquakes should be
transferred to Soviet made nuclear power plant equipment.

The reassessment method and system of criteria discussed in here
in general are described in detail in document [49].

7. Evaluation of seismic capacity of nuclear power plant
buildings

In the performed until now, preparationally phase of the seismic
safety program the investigation of the buildings was in the
concentrated at. The selection of the important from the point
of view of safety buildings in case of the Paks Nuclear Power
Plant was rather unambiguous, can practically be considered
independent from realization of the seismic safety concept, as -
though according to different criteria - all the operational

building are subjects of investigation. According to item 5.3.
to the I. category belong the reactor main building, to the II.
category the auxiliary buildings, the diesel machine halls, the
water pump station, bridges and tunnels connecting the main
building and the auxiliary buildings and the ventilation stocks,
the longitudinal and crossing galleries etc. To the III. category
belong all the other buildings, including the turbine hall,
though this later is specifically built together with the
longitudinal galleries and the main building and accordingly
represents a common with the main building analytical unit.

The analysis of the seismic capacity of the Paks Nuclear Power
Plant practically has started in 1987 by investigation of the
main building. At that time the Mechanical Department of the
Civil Engineering Faculty of the Budapest Technical University
prepared a two dimension finitive element model for the main
building, and the calculation performed with this model indicated
that the main building is totally capable to withstand an
earthquake, that can be characterized by 0.15 g maximum
horizontal acceleration. The two dimension model has undergone
further development during the recent years and was completed
with an also two dimension soil model for investigation of the
soil-stucture interactions. With that updated model preliminary
estimation was made for 0.28 g maximum horizontal ground
acceleration, that turned out to be critical from the point of
view of the steel structures of the .reactor hall. The two
dimension model has been compared with the two dimension models
of the V-2 units of the Bohunice Nuclear Power Plant. The two
models show some different dynamical features, first of all
concerning behavior of the localization towers. Already the early
explosion stucture dynamical experiments have pointed out that
the three dimension models are more suitable for the description
of the behavior of the main building of V-213 WER-440, so all
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the further calculations were performed in case of all the
buildings by three dimension finitive element models. In the
followings, when giving the results the early two dimension
calculations will not be included, though they are considered as
useful preliminary studies.

The seismic capacity investigations of the buildings were
performed according to the deterministic design procedure. The
analysis of the buildings in the future will be performed both
by CDFM method and by design procedure.

Lacking site specific data that could be considered ultimate 0.3
g free surface maximum horizontal acceleration was used as
seismic input and corresponding to it standard response spectrum
according to US NRC Regulatory Guide 1.60 [50],

7.1 Analysis of the main building

The calculation was performed by SIEMENS by so called time-domain
procedure, in accordance with regulations KTA 2201.3.

The input of the calculation was a syntethized acceleration time-
function corresponding to response spectrum according to US NRC
Regulatory Guide 1.60. The excitement acted simultaneously in N-
S, E-W and vertical directions in non-correlated with each other
way, the vertical value was two third of the horizontal value.

The three dimension finitive element model of the structure is
made of shell and rod elements. Due to structural connections the
calculation includes the longitudinal and cross galleries and the
turbine hall.In the 3D model the soil-stucture interaction is
represented by springs and concentrated absorbing elements, which
effect the points of junction of the base plate. The equivalent
frequency independent spring constants and absorbtions were
determined by calculation of impedance function related to rigid
basis.

During calculation the handling of nonlinearity caused by
deformation dependence of the share modulus of the soil was made
by iterative technics.

In the case of deep founded reactor main building the calculation
was performed by excitement related to the embedding depth, which
was determined by de convolution of the free surface excitement.

On the basis of the performed calculations it can be stated, that
low natural frequency is characteristic- for the main building,
the horizontal movements of the reinforced concrete part of the
reactor building can be characterized by 2.12 Hz and 2.38 Hz
modulus, while the vertical movements by 4.16 Hz modulus. The
characteristic lower natural frequency of the steel structures
of the halls is 1.8 Hz. 95% of the modal mass of the main
building is for natural frequency below 19 Hz.
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On the basis of the acceleration response of the building floor
response spectrums were determined by peak shifting (according
to the share modulus of the soil) and by widening and lining
technics according to US NRC Regulatory Guide 1.222. The strength
analysis of the main building on the basis of dynamical
calculation performed with the above finitive element model will
be done during 1993. Further details about the calculations can
be found in literature [52-53].

7.2 Analysis of the second category buildings

For the investigation of the second category buildings time-
history and response spectrum method was used, the description
of which can be found for example in standard ASCE 4-86 [41]. As
an input for strength control calculations by response spectrum
method the standard response spectrum of the US NRC Regulatory
Guide 1.60 [50] was taken with 7% damping, recalculated for 0.3
g free surface maximum horizontal acceleration value. The
excitement acted simultaneously in N-S, E-W and vertical
directions, the vertical value was two third of the horizontal
value.

The generation of the floor response spectrums was made on the
basis of acceleration created by direct integral method. Using
the procedure and program, according to [54], meeting the
requirements of standard ASCE 4-86 10 horizontal and 10 vertical
time-signals were synthetized. From those three x, y, z sets were
selected as inputs of the calculation. The investigation of
allowed by a number of standards (see e.g. YVL 2.6. [12]) two
effect combinations: the horizontal and vertical acceleration
component pair operate to one and then to other structurally
characteristic direction. Our calculation was performed by the
strictly more conservative three direction simultaneous
excitement.

The. input modifying effect of the building embedding was
neglected, that also increases the conservatism of the
calculation. The ground-stucture interaction was taken into
account with equivalent springs, that was modeled in the
calculations by spring elements. One end of the spring is
entrapped in a fixed way and the other end is connected to the
base plate of the building at the junction points. The springs
prevent the shifting and the convolution. The determination of
the spring constants was made by infinitive semisphere model used
for interactions. From the determined vertical and horizontal
embedding factors were characteristic for the given stucture
spring rigidities selected. The radiation damping caused by soil-
stucture interaction was neglected, what can be considered as a
very serious conservatism.

The base plates, ceiling plates and walls of the buildings were
made from thick and thin shell elements (SHELL4T elements), the
steel beams and wind braces from beam elements (BEAM3D elements),
the connection of the soil and building is represented by the
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already mentioned spring elements. In the dynamical model the
masses corresponding to the loads are modeled by MASS elements.
For the concrete and• structural materials material parameters of
the standards corresponding to their qualities were used. The
damping was considered according to SL-2 level of the KTA, so for
example for the damping of the reinforced concrete structures it
is 7%. During the analysis beside the seismic effect the constant
loads are to be taken into account, that made of the dead weight
of the structure, the static loads, as the weights of the
equipment, and in certain cases other prescribed loads. According
to the relating Hungarian (non nuclear) requirements in case of
extraordinary loads the meteorological loads should not be taken
in consideration (MI-04.133-81). The in-stucture cranes were
taken into consideration on their parking places, out of
operation. In the case of the water pump station the water loads
were taken into consideration at an average level. On the
servicing levels the working loads were considered according to
the Hungarian Standards (MSZ) as 2 kPa. According to the
mechanical model four calculation models were created: G mark,
dead weight type, K mark, additional dead weight type, T mark,
static from technological loads, and E mark, dynamic model. The
geometry of the four models is identical, the junction point and
element distribution, the geometrical sizes of the elements, the
boundary conditions are the same, but the loads are different,
and in the case of the dynamic model there are mass elements
replacing the loading and in certain cases the substructure.

With the exclusion of the diesel machine halls for the
investigation of the buildings was performed by COSMOS/M finitive
element program-package, version running of 1.62 IBM PC AT386.
During the preliminary strength analysis the ductility of the
structures was not taken into account, exclusion were the diesel
machine halls, in case of which in one of the calculation
versions the calculation was performed with input decreased by
ductility as well.

During the calculations the followings were defined:

- natural frequencies of the buildings and the corresponding
characteristic form,

- displacements and stresses in cases of given input response
spectrums,

- the building's response for synthetized accelerograms, floor
response spectrums on the basis of acceleration response,
which were generated by 2, 5, 7 and 10% damping according to
the regulations of the US NRC 1.122 Regulatory Guide.

By evaluation of the stresses calculated by response spectrum
method the determination of the suitability of the stability and
strength of the buildings was performed according to the
corresponding 1520 series Hungarian Standard and Technical
Principles.

14



The results related to each building are summarized below (see
more [55-56]).

7.2.1 Auxiliary buildings

Auxiliary buildings of not identical structure were erected
during the two construction phases of the Paks Nuclear Power
Plant. The reinforced concrete structure of the auxiliary
building of the first phase is divided by dilatation, while in
the case of the second phase the reinforced concrete
infrastucture makes one structure. In case auxiliary building of
the first construction phase the southern, the hall and the
northern low building parts were modeled separately due to
dilatation (models S1A and SIB), while in the case of the second
phase one finitive element model was prepared for the whole
building.

The dynamical behavior of the structures can be characterized by
very low natural frequencies. In case of both buildings the
lowest natural frequency of the steel structure is 1.3 Hz, and
2 Hz, but the reinforced concrete infrastructure itself too is
capable for low frequency movements, even the hundredth
eigenfrequency is below 20 Hz.

According to the preliminary strength evaluation on the hall part
of the auxiliary building of the first construction phase among
the reinforced concrete ceilings those on the level + 10.10 m and
+ 17.90 m level will be demolished for sure. From the reinforced
concrete walls the outer ones on 0.0m level are not suitable for
shearing. Neither are suitable the outer walls between levels -
1.80 m and +10.10 m, the staircase outer walls, the walls on
level + 12.00 m and some walls on level +24.00 m. At the same
building from the reinforced concrete ceilings of the northern
building part the middle one are not suitable for shearing on
level +10.10 m. From the reinforced concrete walls the loads of
the outer ones seem to be extreme, the calculations should be
checked, but anyhow it can be stated with great certainty that
the walls will be demolished. The strength evaluation of the
steel structures is going on.

In the auxiliary building of the second construction phase only
the pre-fabricated TT panel ceilings on +18.60 m level will
crash. From the reinforced concrete wall those at x=0.0 m and x»~
3.50 m will be demolished.

7.2.2 Ventilation twin-stocks

For the ventilation stocks, like for all the other buildings low
frequency natural oscillations are characteristic, the first 100
natural frequency is in the interval of 3-52 Hz.

The elements of the 100 m high twin stock are not adequate with
the exclusion of some elements. In the stock body itself and in
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the connecting walls the competent stresses will be some fifty
times higher the limit loadibility, the higher level is
investigated the
higher is the over-load value. On the basis of the unambiguously
can be stated that the stock will collapse.

7.2.3 Connecting tunnel

Certain wall and ceiling connections of the tube tunnel
connecting the main building and the auxiliary building, the ends
of the tunnel, the pit, and the section under the rails are not
suitable from strength point of view, but this fact will probably
not prevent the usability of the tunnel. Further analysis are
needed.

7.2.4 Connecting bridges

The dynamical calculations were completed, but additional
information concerning the differential movements of the main
building, stocks and auxiliary building is needed for evaluation
of the seismic capacity, as with great probability the bridges
might fall down due to move off of the elonging supports.

7.2.5 Water pump station

The model and the dynamical calculations are completed. The
strength evaluation is going on. According to the preliminary
results local damages might be at one wall connection and in case
of two plates.

7.2.6 Diesel machine halls

The calculation of the building was performed on the basis of
practically applicable for spatial rod-structure calculation
theory of finitive rods with the software of the Mechanical
Department of the Civil Engineering Faculty of Budapest
Technical University.

The diesel machine hall of the first construction phase is
nearly symmetrical and of repeating load bearing structure and
for that reason only one tract was taken into consideration in
the calculation. Within that separate models were made for
independent from static point of view structural parts (models
mark A and B). In those spatial rod structure models the
monolithic reinforced concrete walls - ceilings - as elastic
discs, plates were transformed into equivalent rods and so
were integrated into the spatial rod structure.
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The load bearing structures of the diesel machine hall of the
second construction phase were made of pre-fabricated reinforced
concrete elements. The modeling of the building was done in a way
similar to the method used in case of 1-2 diesel buildings, but
transformed in one model.

Below some natural frequencies are given, characteristic for the
dynamical behavior of the different buildings (values are given
in Hz):

No.

1

2

3

10

I. const,
phase
Model A

0.69

3.94

4.31

13.52

I. const
phase
Model B

3.86

4.96

6.97

29.86

II. const
phase

4.46

8.43

8.61

22.62

The checking of the loadibility of the reinforced concrete cross-
sections of the diesel machine hall of the first construction
phase was performed on the basis of MSZ 15022/1-86. The
calculations indicated that columns do not have the required by
the corresponding standards adequate safety against stresses
caused by the given earthquake, but there is a chance to
reinforce the structure with relatively simple tools.
Calculations were performed for the diesel machine hall of the
first construction phase on the basis of input response spectrums
decreased by ductility. Those calculations resulted much more
favorable availability, what indicates that within the given
building category it is by all means practical to make use of
ductility.

The diesel machine hall of the second construction phase was made
of pre-fabricated reinforced concrete elements, and for that
reason the strength qualification was performed according to the
published by TTI Design Reference-book. On the basis of
calculations it was proved that the load-bearing parts of the
structure are adequate according to the corresponding standards
against stresses caused by a given earthquake.

7.3 Dynamic experiments

Each step of the mechanical modeling and mathematical method
includes certain conservatism. However in case of an operating
nuclear power plant efforts should be made in order to decrease
the conservatism of the seismic capacity calculations, as the
possibility of afterward safety upgrading measures is technically
limited. Due to above written in the case of qualification of
seismic capacity of the first category buildings it is practical
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in order to decrease the conservatism follow a combined
experimental-numerical method. The essence of the experimental
investigation is that from the responses of the building to some
artificial excitement (e.g. explosion, VIBROSEIS) experimental
modal analysis can be performed. The results of the experimental
modal analysis can be compared with the results of the numerical
modal analysis and by that way the accuracy of the modeling can
be checked.

For determination of the dynamical features of the buildings of
Paks Nuclear Power Plant three explosion experimental series were
performed. During each experiment the explosive material was
Paxit. The charges were loaded in 20 m deep bores, maximum 50 kg
in each. The bores were located in a regular network each in
approx. 10 m distance from each other. The first, so called test-
explosions were made for determination of distance-charge
relationship and checking of the detectibality. The responses of
the test-explosions were well measurable at the base plate of the
building, the explosions did not represent any hazard to the
operating units, and did not cause any damage to the surrounding
buildings. But it was determined that the explosion distance
should be increased up to 2-4 km and simultaneously the charge
could be increased up to 500 kg, so the excitement was shifted
towards lower frequencies. The first series of explosion gave
possibility for determination of the dynamical features of the
main building, auxiliary building of units 1.-2. and the diesel
machine halls. Two explosions were performed with 200 kg charge
at a distance of 2300 m South - South-East from the building, and
one 200 kg charge and two 500 kg charges were exploded at a
distance of 4500 m in South-East direction. On the basis of the
measured acceleration response-signals the experimental modal
analysis of the main building could have been performed and the
characteristic natural frequencies of the other investigated
buildings could have been performed. The aim of the second series
of experimental explosions was the examination of the dynamical
features, the absorption and soil-stucture interactions of the
main building, the longitudinal and cross galleries, the
turbine hall and the water pump station.

In this series of experiments - having on mind that the main
building is of protracted rectangle shape, the longitudinal axis
of which is of N-S direction - explosions were made separately
in direction of both axis of the building, that eastward and
southward from the building in order to indicate the direction
sensitivity of the dynamical response. At the eastward explosion
point at 2 km one 100 kg and two 300 kg charges were exploded,
while at the southward point at 2.6 km two 450 kg charges were
exploded.

The detectors were located in south and east directions from the
main building on the free space at a distance of 5 and 100 m in
borings at depth 0, -5, -10, -15, -20 m. Acceleration sensors
were located in the primary circuit main building at levels -
6.50, 18.90 and 38 m, and on the top of localization tower at
level 48.90 m. Four detectors were placed on four points of one
frame of the turbine hall steel structure, sequentially on -6.50,
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18.90, 18.90 and 0.00 m levels. Three detectors were placed on
the -3.60, 9.60 and 19 m levels of the gallery building nearby
the main building. All the detectors were equipped with three
acceleration sensors oriented to directions x, y, and z.

The time signal of the acceleration of the external excitement
effecting the building has typical phases. The first phase can
be identified by arrival of a relatively high frequency
longitudinal wave, the velocity of propagation of that,
calculated from the arrival time, is 1900 m/s. The velocity of
propagation of the later arriving surface wave package is in the
range of 270 - 380 m/s, depending on the frequency, according to
the typical dispersion of the surface waves.

Below some natural frequencies of the main building are compared,
that were determined by experiments and calculations and that
obviously demonstrates the way of utilization of the measurements
results as well.

Reactor building:

Modus

1 *

2

3

4

Measured
eigenfrequency

[Hz]

1.6 - 1.9

1.9 - 2.1

2.3

2.5

Calculated
eigenfrequency

[Hz]

1.84

2.12

2.38

2.82

* reactor hall

Turbine hall:

Modus

1

2

3

4

Measured
eigenfrequency

[Hz]

1.9 - 2.2

3.0

3.6

4.3

Calculated
eigenfrequency

[Hz]

1.84

2.82

3.34

4.38

From the decay of the acceleration signal measured on the main
building the global damping characteristic for the given
conditions can be determined if we consider the building after
excitement to be a freely vibrating system. This damping can be
determined on the basis of sinus function with exponentially
decreasing amplitude that is applied to the decay phase of the
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low frequency swinging. Such an approach is acceptable as is
decay phase practically in each case a dominant frequency forms
the time signal.

In that way we got the following values for excitement for the
East and South directions (all the values are given in % ) :

Measurement
point

Main build.
4G

Main build.
4H

Main build.
5P

Turbine hall
4K

Gallery
build. 50

E x-
dir.

6.9

7.5

10.0

6.6

6.1

E y-
dir.

-

6.8

7.7

—

9.4

S x-
dir.

-

-

11.8

9.8

8.4

S y-
dir.

9.1

8.7

10.4

9.4

9.2

S 2-
dir.

10.1

5.5

6.4

8.1

14.8

In opposition to the above written the calculations for x, y and
z directions were made with 8, 8 and 10% damping values.

As it was anticipated the damping values are significantly
scattering. Both the values and the scattering are characteristic
for the given very weak excitement. In case of calculations for
the buildings for example according to KTA 2201.3 15 and 30%
damping can be used for horizontal and vertical directions.
Naturally those values are valid for earthquakes for great
amplitudes. The excitements made by explosions cause amplitudes
which can be measured only by instruments, and for that reason
the damping determined in that way might give much lower values
then those in case of an earthquake. On the basis of measurement
the damping is regularly underestimated, as there are excitement
coming to the system being in decay phase as well, and so the
decay is longer than in case of a left alone system and in
consequence the measured damping will be lower. So the damping
determined in such way might be a lower limit for the damping
values used during the calculations.

The detailed evaluation of the measurements will be finished in
1993.

8. Experimental investigation of the equipment

Samples of important from point of view relays, frames (panels)
and instruments were investigated on vibro-plates during 1990-92.
The results of those are summarized below.
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8.1 Relays

Most of the relays operated in the power plant are Soviet made.
Totally 49 relays of 17 different types were investigated. Among
them there were auxiliary relays, delay cut-in, delay cut-off and
instabil relays. The relays similar in electrical parameters, but
equipped with different contact numbers were not considered as
different types. At the Paks Nuclear Power Plant in
instrumentation and control areas there no other types of relays.

The investigations were performed according to standard IEE-E-
501/78. (response spectrum 1 Hz 0.25%, 4 Hz 250%, from 33 Hz
100%; contact change shorter than 2 ms is allowed). The vibro-
plate allows two direction excitement of same amplitude and
phase. The utilized maximum acceleration was 1 g ZPA {zero-period
acceleration). All the relays met the investigation requirements,
but two relays were to be repaired.

8.2 Frames

Vibro-plate investigation of five different instrument frame or
cabinets and one instrument panel was performed. Those are the
followings: regulation and safety protection relay holder,
regulation and safety protection low frequency transformer,
neutron control system, unit control room panel, unit control
room relay room, gate valve distributor. The selected samples
generally cover the box types used in the power plant. One
of the purposes of the investigation was to correct on the basis
of the investigation results the calculations with finitive
elements, and to able to take into consideration the
reinforcement of the frames by calculations in the future.

The investigations were performed according to standard IEEE
344/75 on one direction vibro-plate. The natural frequencies,
modus were determined as well as the modal damping by sinus
investigation test, and the resistance of the frames. On some
levels the value of the acceleration corresponded to 0.3 g
maximum free surface acceleration value amplified by the
building.

In case of some frames cracks of welding beams were observed at
fflgyimi-Hti sized earthquake level excitement. The enforcement of the
internal support in case of several frames were not adequate, the
supports strongly swung. Those errors are simple to liquidate.

8.3 Instruments

Those instruments were selected which are essentially necessary
for safe operation, shut-down and long term cooling of the
reactor. Those are the followings:
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- Low frequency transformer

- Neutron control system transformer

- Regulation units

- Temperature transmitters

- Pressure transmitters

- Compensation recorders

- Circular scale indicator

- Light indicator

- Signal reverser

- Limit value switches

- Contact manometers

The list can be considered as a full one from the point of view
that within one selected instrument type the different electrical
parameters can be neglected from the point of view of evaluation
of seismic capacity, it is enough to investigate only one
representative.

The investigations are going on according to standard IEEE-
344/75. By now investigation of eight instruments has been
completed using as input spectrum the covering curves of the
response spectrums occurring on the ceiling levels of the place
of locations of the instruments, corresponding to 0.3 g GPA.

9. Earthquake monitoring system

An earthquake monitoring system has been installed on the units
of Paks Nuclear Power Plant. The system has two functions:
generates protection signals and records the seismic events.

Sensors of different types belong to the protection and
registration system. The detector itself is a geophone of 10 Hz
natural frequency which generates by help of correction and
differentiator circuit acceleration signals from velocity
signals. The sensors belonging to the protection system operate
in range of 0.4 - 30 Hz range, while those belonging to the
registration system operate in range of 0.4 - 50 Hz, with even
sensitivity in the full range.

The registration of the seismic events is performed by three
acceleration meters of high sensitivity which are independent
from the protection system and which are located on
characteristic from dynamical point of view places of the
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building. The base sensitivity of the acceleration detectors is
0.006 g, which means that they sense a number on non or hardly
sensible by people seismic events, or building vibrations of non-
seismic origin.
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