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SUMMARY

This report refers on the examination performed on the available material

relevant to the seismic input estimate for the Nuclear Power Plant of Paks,

Hungary (hereafter Paks NPP), within the frame of the IAEA benchmak study for

the seismic analysis and testing of existing NPP, and in the aims of the nuclear

activities of ENEL DSR/VDN.

The aim of the report is to provide an expert judgement about the quantity and

quality of the data and studies performed so far.

The first chapter describes the sources of the data set examined.

The second chapter is about the criteria followed in the judgment.

The third chapter contains the detailed opinion on the content of the data set.

Conclusion and suggestion are reported in chapter four.
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1. FOREWORD

The independent evaluation of the seismic input data was performed as a phase of

the activities foreseen in the frame of the IAEA benchmark study for the seismic

analysis of existing Nuclear Power Plants and it was funded by ENEL S.p.A.

DSR/VDN Rome.

The seismic reassessment started from the consideration that the nuclear power

plant of Paks was designed by the former Soviet Union engineers taking into

account that nuclear power plants cannot be built in localities where the

estimated maximum earthquake intensity is equal or greater than category IX on

the MSK - 64 intensity scale.

Until 1978 the Design earthquake level was derived starting from the seismic

intensity forecasting indicated on a map based on soils of a so called "category

2": for soils of category 1 (rock) the seismic intensity of the MSK scale was

reduced 1 grade and for soils of category 3 (soft soils) the intensity

forecasting was increased one grade. In any case for Nuclear Power Stations the

grade was increased one grade (Maximum calculated earthquake) [Ref. 1] .

Since 1978, after the 1977 earthquake of Vrancea-Roumania, the seismic

backfitting was requested for all the already existing plants or new plants

under design and the seismic design was requested for completely new plants.

It should be kept in mind, however, that the civil structures design of a

nuclear power plant must take into consideration the potential seismic activity

when installation is foreseen in a zone starting with intensity IV on the MSK-64

scale, whereas for conventional structures the seismic design is requested by

the Soviet building codes starting from category VI [Ref. 2] . In any case the

structures accomodating safety systems should be designed to withstand the

maximum earthquake likely to occur once in 10 000 years; the seismicity of the

construction site at Paks NPP was taken at the design stage as V degree on MSK-

64 scale (up to 0,03 g) [Ref. 3].
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At present, after some evaluation studies performed by Hungarian, Russian and

English Commission, the peak ground acceleration for the design earthquakes is

0,35 g (3.5 m/sec2) [Ref. 3]: thus a seismic reassessment is needed.

However, before deciding to perform a reassessment of seismic input estimate,

it's necessary to give an independent judgment regarding the quality and

quantity of the material produced about this topic.

For this revision activity, it is important to note that only English reports

have been examined, supported by the material in Hungarian or Russian when the

amount of graphic content was enough to allow an expert to recognize the data

presented. Finally, in order to use an unique criterion to judge the data set

collected and the studies performed, it has been decided to follow the

suggestions of the IAEA technical guide 50 - SG - SI (rev. 1) , as a check list

for the evaluation of the completeness of the material available for the seismic

input estimate.

2. THE AVAILABLE DATA SET

The material produced for the seismic input estimate for Paks NPP can be

subdivided, as a first step, according to the language in which it has been

prepared. A large amount of data is available only in Hungarian or Russian. For

part of this documentation, a translation in English is available.

For this revision activity, only English written reports have been examined, but

also material in Hungarian or Russian has been taken into acccount when the

amount of graphic content was enough to allow an expert to recognize the data

presented. Besides this, it has been considered also lists of translated titles

of report documenting the existence of certain data and/or studies.

The two main sources listing previous studies are:

1) A list entitled "Scientific and technical reports on problem related to
seismic safety of Paks NPP until 1991", compiled by Prof. Lazl6 Toth, of
the Hungarian Academy of Sciences, Seismological Observatory.
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2) A summary report entitled "Geological evaluation of Paks NPP site" edited
by the Scientific Coordinating Committee of the National Atomic Energy
Office of Hungary.

The first reports clearly deals with studies performed before 1991, while the

second contains a list of further researches carried out after 1991. The two

list are given here as annexes 1 and 2 respectively.

3. THE CRITERIA USED

The aim of this work was to give an independent judgement regarding the quality

and quantity of the material produced for the seismic input estimate of Paks

NPP. It is not aim of this work to provide a further re-assessment of the

values given by previous studies.

In order to use a unique criterion to judge the completeness of the examined

data set, it has been decided to follow the suggestion of the IAEA technical

guide 50-SG-S1 (rev. 1, hereafter Sl.l). This guide was prepared as part of the

Agency program for establishing Codes and Safety Guides relating to nuclear

power plants. It provides guidelines and recommends procedures to adopt in the

consideration of earthquakes and associated topics for nuclear power plant

siting. It is worth noting that this guide states at paragraph 105 that ".. this

document is applicable to new nuclear power plant sites. It does not address

the complex issue of the seismic re-evaluation of existing nuclear power plant

site although it contains general information useful for those purposes".

Thus it has been decided that even if the same IAEA guide highlights its non-

mandatory purpose for existing NPP, it seems to be appropriate to follow this

guide as a checklist for the evaluation of the completeness of the material

produced for the seismic input estimate for Paks NPP. In the following chapter,

the same index of the guide Sl.l will be followed, and for each items IAEA

expectation will compare with the available material.
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4. DETAILED EXAMINATION

4.1 General requirements

Par. 101-204 of Sl.l guide are regarding the introduction and the scope of the

work, and thus are not considered for this examination.

Par. 205 of Sl.l guide states that "regardless of any lower apparent exposure to

seismic hazard, it is recommended that every nuclear power plant adopt a minimum

value of O.lg peak ground acceleration corresponding to the safety level SL-2

earthquake, as defined in Section 5".

This recommendation is not necessary, since several studies have proposed for

Paks NPP peak ground acceleration up to 0.35 g (Refs 15, 19, 23, 24 of Annex 1,

part 1).

Par. 206 of Sl.l guide states that "A quality assurance programme shall be

established and implemented to cover all the data collection, data processing,

field and laboratory investigations, desk studies and evaluations which are

within the scope of this Guide.".

It does not seem that a QA program has been followed during previous estimates

of seismic input for Paks NPP, or at least no references are given to it in the

examined documentation. Even if the general judgement on the reliability of the

material considered will not be affected by the lack of a QA programme, it is

advised that in the case further studies will be necessary, a proper quality

assurance procedure should be implemented.

4.2 Required information and investigations (Data-Base)

Par. 301-303 of Sl.l guide state that ".. it is necessary to acquire an

integrated database which coherently incorporates the information needed to

evaluate and resolve all hazards associated with earthquakes .... In order that

rational decisions can be made, it is important to ensure that each element of

any practical database has been investigated as fully as possible before

integration of the various elements is attempted. The total database should
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Include all the relevant information, I.e. not only geological and seismological

data but also any other information which reveals the pattern of current

geodynamics. The elements of the database should be studied most intensively

close to the site .."

The material provided it is not organized as a real data-base. Nevertheless, the

studies carried out fulfil IAEA recommendation relevant to the extent of the

reaserches to be performed. Thus it is advised to organise the material examined

as a data base, only if further studies will be planned.

4.2.1 Regional scale

Par. 304 of Sl.l guide states that "The regional study shall investigate a

geographical area sufficiently large to contain all the evidence which

potentially affects the seismic hazard at the site. The size of this area will

vary .... Its radial extent is typically 150 km or more."

Geological and seismological studies for Paks NPP fulfil this request, as

described in the following for each item.

Par. 305 of Sl.l guide It is not applicable to Paks NPP, since it is dealing

with the potential for tsunamis.

Par. 306-307 of Sl.l guide state that "In most cases, an appropriate database

can be obtained from either published or unpublished sources. However, where

existing data are deficient for the purpose of delineating seismogenic

structures, it may be necessary to verify and complete the database by acquiring

new geological, geophysical and seismological data at the appropriate

scale....The data are typically presented on maps at a scale 1:500.000, or

smaller".

For the Paks NPP a great deal of ad hoc studies has been carried out. The

reports 2, 3, 4, 11, 14, 15, 16, 18, 19, 20, and 21 listed in Annex 2 are

examples of studies performed to integrate or re-evaluate the available sources.

More examples can be found in Annex 1.
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4.2.2 Near regional scale

Par. 308-310 of Sl.l guide state that "Near regional studies should investigate

a geographical area typically up to 25 km in radius...The data are obtained from

existing published and unpuhlished sources, augmented by specific remote

sensing, geological, geophysical, geodetic and seismological studies designed to

acquire new information on critical parameters...The data are typically

presented on maps at a scale of 1:50 000 or smaller. The aim is to show the

seismotectonic details of the near region."

Geological and seismological studies for Paks NPP fulfil this request, as

described in the following for each item.

4.2.3 Site vicinity scale and Site area scale

Par. 311-310 of Sl.l guide state that "Site vicinity studies should investigate

a geographical area typically up to 5 km in radius...In most cases, additional

techniques such as boreholes, trenching and geological mapping are likely to be

required in order to obtain a database that is more detailed ...The data are

typically presented on maps at a scale of 1:5000 or smaller....Site area studies

shall investigate the area covered by the plant, which is typically 1 km^ or

more...The dabase is developed from detailed geological, geophysical and

geotechnical studies augmented by in situ and laboratory testing. The data are

typically presented on maps of 1:5000 or smaller".

Also in this case geological and seismological studies for Paks NPP fulfil this

request, as described in the following for each item.

4.3 Seismological Data-Base

Par. 317-318 of Sl.l guide are regarding the introduction and the scope of this

chapter and thus are not considered in our examination.
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4.3.1 Historical earthquake data

Par. 319-320 of Sl.l guide state that "All available historical earthquake data

(i.e. events for which no instrumental recording exist) shall be collected,

extending as far back in time as possible. . .The information to be obtained for

each earthquake includes:

1. Date and time of earthquake;

2. Isoseismal contours;

3. Location of the macroseismic epicentre;

4. Maximum intensity and intensity at the macroseismic epicentre, when they
differ, with a description of local conditions;

5. Estimated magnitude;

6. Estimated focal depth;

7. Estimates of uncertainty for each of the above parameters;

8. Intensity at the site, accompanied by any available details on soil
effects.

An assessment of the quality and quantity of data from which the above

parameters have been estimated.

The magnitude and depth estimated for such earthquakes should be based on

relevant empirical relationships between instrumental and macroseismic

information which may be developed from the data described in par. 321. When

the catalogue of relevant historical earthquakes has been compiled, estimates

should be made of its completeness."

For the Paks NPP an historical earthquake catalogue is available starting from

456 AD, in format of computer file.

As concerning IAEA recommendations :

1. Date and time of earthquake are provided.

2. Isoseismal contours are not included in this catalogue. Intensity maps
(about one hundred) with isoseismal are available, but it does not seem
that all the data have been digitized and stored in an uniform computer
format.
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3. Location of the macroseismic epicentre is provided.

4. Maximum intensity is provided, but it is not clear if an intensity at the
macroseismic epicentre has been estimated.

5. Estimated magnitude is provided. See point below for comments.

6. Estimated focal depth is provided. Most of the events are shallow (D<15
Km) . Because magnitude and depth are estimated from the same formula a
trade off between the two cannot be ruled out.

7. Estimates of quality is given for epicentral determination and maximum
intensity.

8. Intensity at the site is not given, whilst there is an estimate of the
radius of the isoseismal having intensity IV.

As far as the completeness is concerned, an estimate was done, and reported

below:

Starting year

1700
1800
1850
1880

Magnitude threshold

5.6
5.0
4.4
4.0

The quality appears to be good, and completeness can probably extended backward

for higher intensities.

4.3.2 Instrumental earthquake data

Par. 321 of Sl.l guide states that "All avaible instrumental earthquake data

shall be collected. The information to be obtained for each earthquake includes:

1. Time of origin;

2. Locations of epicentre and hypocentre;

3. All magnitude determinations, including those on different scales, and any
information on seismic moment;

4. Dimensions and geometry of the aftershock zone;
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5. Other information that may be helpful in understanding the seismotectonic
regime, such as focal mechanism and other source parameters;

6. Estimates of uncertainly for each of the above parameters;

7. Macroseismic details as discussed in para. 320.

When the catalogue of relevant instrumental earthquakes has been compiled,

estimates should be made of its completeness."

The seismic catalogue has lower quality for the Paks region with respect to the

historical one. The reason is the fact that the Hungarian seismic network is

manly located in the Northern part of the country, far from Paks (see figure

below).
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A completeness/detection threshold is given for instance in ref. 23 of annex 1.

The proposed value of magnitude 4 seems to high to allow the use of

microseismicity for detailed microzoning mapping. See also the following point

for comments about the Paks station.
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4.3.3 Site specific instrumental data

Par 322-324 of the Sl.l guide state that "To supplement the available data on

earthquakes with more detailed information on seismic sources, it may be useful

to operate a network of sensitive seismographs having microearthquake recording

capability. Earthquakes recorded within and near such a network should be

carefully analysed in connection with seismotectonic studies of the near region.

The minimum monitoring period required to obtain meaningful data for

seismotectonic interpretations is several years. Wherever possible, regional

strong motion recordings shall be collected and used for deriving appropriate

seismic wave attenuation functions and in developing the design response spectra

for the proposed nuclear power plant, as discussed in Section 5. The value of

the investigation may be enhanced by having strong motion accelerographs

installed within the site area for as long as possible."

In Paks a single 3-component station is operating since 1985. The locations

precision that can be obtained with a single station is of course worse than

that provided by a network. Anyhow, those data should be fully exploited to

obtain at least preliminary indication of microeartquake activity in the

vicinity of Paks NPP, and thus providing indications very important in view of

installing in the future a microearthquake network as suggested by IAEA. It does

not seem that microearthquake indication have been included in the

seismotectonic model. No strong motion recordings are available for the site and

no regional attenuation relationship is available.

4.4 Geological data-base

4.4.1 Regional investigations

Par. 325-326 of the Sl.l guide state that "The main purpose of the regional

studies is to provide knowledge of the geological and tectonic framework of the

region and its general geodynamic; setting and to identify those geological

features that may influence or relate to the seismic hazard at the site. The

data will usually be obtained from published and other existing geological and
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geophysical sources and should be presented on a map with cross-sections and a

commentary. However, it may be necessary to conduct additional geological and

geophysical studies on some structures identified in the regional investigations

in order to obtain the desired detail."

For the Paks NPP, the regional data are mainly coming from published sources,

and in general their quality is lower with respect to near site data. Many

feature described in literature are hypothetical or at a very large scale, and

this accounts for the different interpretation given when different expert have

proposed their seismotectonic model. More attention should be payed to large

scale gravimetry, geodesy, heat flow and aereomagnetic investigation, as well as

satellite imagery. Unfortunately, few large scale seismic profile are available

for the region.

4.4.2 Near region investigations

Par 327-328 of the Sl.l guide state that "... Investigations to amplify the

published and existing information should typically include:

1. Geological mapping to define the stratigraphy, structural geology and

tectonic history of the near region. Subsurface information derived from

geophysical investigations using seismic, gravimetric and magnetic

techniques is needed in the preparation of the geological map. Use should

be made of remote sensing data, such as those derived from satellite

imagery, side scan radar, aerial photographs, aeromagnetics and

gravimetries. In areas of unusual geological complexity, it may be

necessary to perform specific field investigations, such as boring,

trenching and seismic (reflection and refraction) surveys.

2. Neotectonic studies to determine the latest movements of faults. To reach

this goal, geomorphology, boring, trenching, pedology, studies of the

Quaternary deposits and age dating may be necessary, as well as

palaeoseismicity, geophysics, geochemistry, geodesy and in situ stress

measurements".
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For the Paks NPP area a large amount of ad-hoc studies are available, such as

borehole data, seismic reflection surveys and other geological and geophysical

investigation. Unfortunately, the probably most important data, that is seismic

surveys, do not allow at present to observe the first 100 meters of the subsoil.

Due to this, it is not possible to establish if the proposed faults are

continuing toward the surface and thus, ultimately, if they are capable faults.

Re-interpretation or (if necessary) re-execution of the seismic profiles is

strongly recommended.

4.4.3 Site vicinity investigations

Par. 329-330 of the Sl.l guide state that "Investigations of the site vicinity

shall be conducted to define in greater detail the neotectonic history of

faults and to identify sources of potential instability. The investigations

should provide the following:

1) A geological map with cross-sections and a commentary.

2) A neotectonic history showing the age and amount of fault displacement

based on trenching and age dating, as appropriate.

3) A characterization of the seismic stability of slopes, soils and strata

with emphasis on geomorphic, physiographic and hydrogeological data (e.g

drainage, vegetation, soil, acclivity, water table) and of locations

exhibiting potential geological hazards such as differential erosion,

karsic phenomena, fractures, fault creep and unstable materials (e.g.

expansive soils).

4) The identification and characterization of locations exhibiting potential

geological hazards induced by human activities. Special attention should

be given to the potential for induced seismicity, particularly that

resulting from large dams or reservoirs or from extensive fluid injection

into or extraction from the ground."
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For the Paks site the examination of the availble material lead to the following

comments:

1-2) A large amount of data is available. Trenching was performed giving

ambiguous findings. No unique interpretation was given of some disturbances

find in near surface soils. In case of further investigation for the site,

more trenches should be excavated, paying attention also to strata plunge

and dip in order to consider the possibility of performing forward modeling

of surface deformation using the various near site fault models proposed.

3) This section is commented with greater detail in a separate report on

geotechnical activities at Paks NPP prepared by ISMES.

4) No large reservoirs exist upstream of Paks NPP site. The nearest mine is 60

km away and the strongest induced earthquake occurred was of magnitude 3.5.

There are some water wells around Paks NPP site, but no earthquakes or

instability phenomena were reported.

4.4.4 Site area investigations

Par. 331-332 of the Sl.l guide state that "Investigations at the site area

should extend and add further detail to the databases developed in the studies

described above. In addition to geological mapping, the emphasis is on defining

the physical properties of the foundation materials and determining their

stability and response under dynamic earthquake loading. The following

investigations shall be performed, using geological, geophysical, seismological

and geotechnical techniques... . "

This section is commented with greater detail in a separate report on

geotechnical activities at Paks NPP prepared by ISMES.

4.5 Construction of regional seismotectonic model

Section 4 of the Sl.l guide refer to the seismotectonic model, the definition of

seismogenetic zones, the assignment of maximun potential magnitudes and how to
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deal with zones of diffuse seismicity. It is beyond the scope of this work to

evaluate any single model and/or study performed up to now. It has already

pointed out that regional data are partly not very well defined, and thus it is

not surprising to find such different opinions in the different studies.

Moreover, the seismotectonic zoning practice contains an internal degree of

uncertainty linked to experts personal judgement. One of the study for Paks NPP

seismic input estimate (Ref 23 in annex 1) quotes the TERESA project, that is a

clear example of this kind of problem for the European area. Another example of

diverging experts judgement is given by the LLNL-EPRI-SOG study for the

preliminary assessment of seismic hazard for NPP in the Eastern United States.

4.6 Determination of design basis ground motion

Section 5 of the Sl.l guide "..presents guidelines and procedures regarding the

levels and characteristics of the design basis ground motions..". As for the

point above, the examination of the results of the several studies performed for

Paks NPP is beyond the scope of this work. We can provide some general

remarks.

1) Historical data could have been used more extensively. If on one hand we

have a non-univocous seismotectonic model, on the other hand the historical

data seem to be complete and reliable. Thus probabilistic estimate of site

return period for the different intensities should have more emphasis, even

including observation of historical earthquake available in the immediate

surrounding of the site.

2) The attenuation relationship for acceleration are generally derived from

published studies based on collection of several earthquakes in different

world region. More care should be devoted in preparing an attenuation

relationship taking into account only data coming from stable continental

region and recorded in site condition similar to those of Paks NPP.

3) In one case (Arup report, ref 23) the attenuation relationship for

intensity was given as a function of the magnitude. Because a large part of



TECHNICAL REPORT
ON INDEPENDENT EVALUATION
OF THE MATERIAL PRODUCED
FOR THE SEISMIC INPUT

OF PAKS NPP

Proj .
Doc.

ASP-7317
RAT-DGF-054/94

Rev. 00

pae. 20

the magnitudes in the Hungarian catalogue are determined from intensities,

this may cause a logical loop. More attention should be paid to the use of

original intensity data, avoiding the use of isoseismals.

4) A value of 0.35 g of PGA for SSI seems too high for this region. It seems

even too high if compared with a maximum intensity of VIII MSK. This

subjective judgement is based on past experience in several sitings

performed by ISMES in Italy and abroad. As an example, we should mention

that the Irpinia earthquake that caused more than 3000 casualties in 1980

had a maximum intensity of X MCS, but the maximum recorded acceleration

measured by the ENEA-ENEL accelerographic network was less than 0.35 g.

5) Caution should be used when adopting probabilistic model without upper

boundaries: for an arbitrarily low probability of occurrence one can obtain

an arbitrarly high PGA. But keeping in mind the physical process generating

earthquake, we should observe that an acceleration of 0.35 g likely

requires a fault lenght of the order of 30-5-40 Km able to produce at least 1

to 1.5 meter of slip. In a region of shallow seismicity, this may easily

cause 1 meter of surface deformation, that would very probably give

evidence more clear than the doubtful and debated one available for Paks

site.

4.7 Potential for surface faulting at the site

Section 6 of guide Sl.l "..gives guidelines and procedures for assessing the

potential for surface faulting (i.e. capability) which may jeopardize the safety

of the nuclear power plant..".

For Paks NPP site, the comments expressed at point 3.4.2 and 3.4.3 remain valid,

and will be highlighted again in the conclusions.
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4.8 Seismically generated vater waves

Section 7 of guide Sl.l "gives guidelines and procedures for addressing

seismically generated water waves (tsunamis, seiches) and dam failures..".

For Paks NPP none of the above problems has to be taken into account.

4.9 Potential for permanent ground displacements

Section 7 of guide Sl.l "gives guidelines and procedures for assessing the

potential for permanent ground displacement from liquefaction, slope

instability, subsidence and collapse. Safety Guide 50-SG-S8 provides

comprehensive guidance on all aspects of the problem, including bearing capacity

and settlement."

This section is commented with greater detail in a separate report on

geotechnical activities at Paks NPP prepared by ISMES.

5. CONCLUSIONS AND SUGGESTIONS

The available material used by different studies for assessing Paks NPP seismic

input was examined.

A judgement was given following the requirements of IAEA guide 50-SG-S1 (rev.

1) . This guide states at paragraph 105 that ". . this document is applicable to

new nuclear power plant sites. It does not address the complex issue of the

seismic re-evaluation of existing nuclear power plant site although it

contains general information useful for those purposes". Anyway, even if the

same IAEA guide highlights its non-mandatory purpose for existing NPP, it seems

to be appropriate to have followed this guide as a checklist for the evaluation

of the completeness of the material produced for the sesimic input estimate for

Paks NPP.

The main suggestion derived from the examination of the previous studies are
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listed in the following:

* It does not seem that a QA program has been followed during previous

estimates of seismic input for Paks NPP, or at least no references are

given to it in the examined documentation. It is recommended that in the

case further studies will be necessary, a proper quality assurance

procedure should be implemented.

* It is advised to organise the material examined (geological and

seismological data) as a data base if further studies will be planned.

* In Paks a single 3-component station is operating since 1985. Those data

should be fully exploited to obtain at least preliminary indication of

microeartquake activity in the vicinity of Paks NPP, and thus providing

indications very important in view of installing in the future a

microearthquake network as suggested by IAEA. Microearthquake indication

should be included in the seismotectonic model.

* Intensity maps should be digitized and stored in an uniform computer

format.

* Different experts have proposed their different interpretation of the

seismotectonic model. A further effort should be done to reach an unique

seismotectonic zoning, possibly combining different experts subjective

judgement. More attention should be payed to large scale gravimetry,

geodesy, heat flow and aereomagnetic investigation, as well as satellite

imagery.

* Seismic surveys, do not allow at present to observe the first 100 meters of

the subsoil. Due to this, it is not possible to establish if the proposed

faults are continuing toward the surface and thus, ultimately, if they are

capable faults. Re-interpretation or (if necessary) re-execution of the

seismic profiles is strongly recommended.
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In case of further investigation at the site, more trenches should be

excavated, paying attention also to strata plunge and dip in order to

consider the possibility of performing forward modeling of surface

deformation using the various near site fault models proposed.

Historical data could have been used more extensively. Probabilistic

estimate of site return period for the different intensities should have

more emphasis, even including observation of historical earthquake

available in the immediate surrounding of the site.

A value of 0.35 g of PGA for SSI seems too high for this region. It seems

even too high if compared with a maximum intensity of VIII MSK. This

subjective judgement is based on past experience in several sitings

performed by ISMES in Italy and abroad, and explained in more detail at

point 3.6.
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1. Earthquake Research and Reports

1. Catalogue of historical earthquakes near to Paks at epicentral distances

less than 150 km. Reestimation of basic earthquake parameters. (1984;

Report N. 1 to EROTERV).

2. Microseismic earthquake catalogue in the region of Paks (150 km) from the

beginning of Hungarian seismograph station network (1911) until now (1984;

Report N. 2 to EROTERV).

3. Detailed study of geologic structures in the outskirts of Paks (20 km);

Field study and site selection for a seismological station. (1984; Report

N. 3 to EROTERV).

4. Seismic noise measurement in the outskirts of Paks (20 km) for suitable

site selection for a seismograph station. (1985; Report N. 5 to EROTERV).

5. Investigation of seismic noise field in the surroundings of PAKS NPP site

(1985; Budapest).

6. Technical description of bore-hole seismometers for noise reduction (1985;

Report N. 6 to EROTERV).

7. Bullettin of seismic events recorded at PAKS seismic station in 1985.

8. Technical description of a 3-channel seismic recorder (1986; Report N. 10

to EROTERV)

9. Investigations of automatic seismic signal detectors (1986; Report N. 11 to

EROTERV).

10. Installation of an additional highly sensitive seismic station near to Paks

(1986; Report N. 17 to EROTERV).

11. Earthquake engineering studies for four potential source regions:

Pincehely, Dunaharaszti, Peremarton and Keeskemet (1986; Report N. 18 to

EROTERV).
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12. Influence of PAKS NPP, 3760 MW on the Environment (Seismological Part)

(1986; Report N. 18 to EROTERV)

13. Bulletin of seismic events recorded at PAKS seismic station in 1987. (1987;

Report N. 20 to EROTERV).

14. Site selection for a new Nuclear Power Plant: historical earthquake

catalogue and seismic qualification of the potential sites (1987;

Budapest) .

15. Final Report on Investigations of earthquake hazard in Paks region (1987;

A. F. Gracsov et al.)

16. Bulletin of seismic events recorded ad UZD seismic station in 1988.

17. Bulletin of seismic events recorded at PAKS seismic station in 1988.

18. Technical Concept for seismic monitoring network of additional 2 x 1000 MW

Blocks at PAKS NPP (1989)

19. Seismic Qualification of PAKS. The most detailed investigations of

probabilistic evaluations, earthquake source regions, potential ground

motions characteristics, response spectra of local geologic structures

(1990).

20. Seismic noise measurements at PAKS (1990; Supported by National Science

Foundation, OTKA).

21. Bulletin of seismic events recorded at PAKS seismic station in 1990.

22. The Kecskemet earthquake of 8th July, 1911. Analysis of earthquake effects

on local building structures. (1990).

23. ARUP Report

24. Summary Report of the SCC
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25. Comparison of earthquake zones (different theoretical models) and their

influence on the seismic risk in the Paks region. Budapest, 1992 (Zsiros

T.). Magyar Tudomanyos Akademia.

26. Site specific response spectra (in ungherese, figure in inglese).

Confronto tra e altri modelli (analisi parametrica, Budapest, 1993,

Dr. Bondar I. (Gorisk).

2. Geophysical, Geological and Tectonic Investigations

1. Report on acoustic logging in PAKS-2 bore-hole (1979; L. Rak6czy and K.

Posgay).

2. Expert's report on the region South from Paks city for geological mapping

at 1:5000 scale 91985; G. Chilkan et al.).

3. Magnetotelluric and telluric investigations in the vicinity of Paks. (1985;

Report N. 8 to EROTERV).

4. Key to geologic maps of Paks city. (1985; J. Erdelyi, G. Chickan, A.

K6kaj).

5. Relative horizontal gradient and truncated vertical gradient maps (scale

1:50000) derived from the Buoguer anomalies (of Hungary) in the 30 kms

vicinity of Dunaharaszti, Komarom and Paks (K. Kiss).

6. Reinterpretation of seismic profile MK-7/81, Part 26400 - 48200.

7. Engineering geological study at Kecskemet. Peremarton and Pincehely (1986;

G. Chikan and G. Kovacs).

8. Geological structures in the surroundings of Paks.

9. Report on geological survey in the outskirts of Paks (1986; G. Chikan et

al.)
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10. Report on geological survey in Paks - 2/A bore-hole.

11. Report on geological survey in Paks - 3 and Paks - 4/B bore-holes (1987; G.

Chikan et al.).

12. Report on Paks 4/A bore-hole (1987; G. Chikan et al.).

13. Report on recomputation of seismic profiles Du-1-8624 and Du-2-8624 (1987).

14. Report: Geophysical correlations based on bore-hole data from Paks (1987).

15. Report on seismic, stratigraphic and tectonic interpretation of seismic

profiles recorded in Paks area in 1986 making use of deep drilling results

sinked in the meantime. (1987; L. Lakatos).

16. Summary of geophysical logging (well logging and acoustic logging) in drill

holes sinked at Paks NPP site (based on the contract between FTV and

M_ELGI). (1987; R. Bagi and J. Rak6czy).

17. Report on geophysical prospecting for seismic hazard estimation at Paks

NPP. (1987; L. Zilahi - S., J Rak6czy).

18. Geological structures in the region of Paks (Report by a Hungarian Expert

Group of geophysicists and geologists).

19. Report on reinterpretation of seismic profiles and geological mapping of

young dislocations in the territory between the rivers Danube and Tisza.

20. Report to EROTERV on electrical resistivity surveys near Paks (1988).

21. Report on seismic profiles at the vicinity of Paks in 1987 (1988; J.

Rakoczy et al.).

22. Report on the results of seismic prospecting at Orgovany - Kisk6ros -

Fulopszallas. (1988; L. Szilagyl and G. Vakarcs).
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23. Geological nature and position of the tectonic fault in the environment of

Paks NPP (January, 1989; A.F. Gracsov et al.).

24. Geological nature and position of the tectonic fault in the environment of

Paks NPP (April, 1989; A. F. Gracsov et al.).

25. Comments on "Geological nature and position of the tectonic fault in the

environment of Paks NPP (1989; Z. Szab6 et al.).

26. Geological investigations at Pusztahencse and Tengelic vineyards (1989; G.

Chikan and K6kay).

27. Report on neotectonic Investigations using shallow seismic methods in the

vicinity of Paks (Dunaszentbenedek) in 1989. (1990; T. Guthy and E.

Hegedus) .

28. Neotectonics of Paks region. (1990; F. Horvath et al.).

29. Geophysical and geological characteristics in the epicentral regions of

major (l>-6, MSK-64) Hungarian earthquakes since 1763. (1990; Z. Szab6).

3. Geodetlcs Reports

1. Long periodical crustal movement investigation in the surroundings of Paks

using geodetic data from archives. Collection of second and third order

triangulation and high order levelling data (1984; Report N. 7.1, 7.31,

7.32, 7.33 to EROTERV).

2. Long periodical crustal movement investigation in the surroundings of Paks

using geodetic data from archives. Long periodical investigation of the

collected data. Short periodical investigations. (1985; Report N. 7.1, 7.2,

7.3 to EROTERV).
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Second phase: repeated horizontal and levelling measurements, short

periodical crustal movement investigation. (1986; Report n. 7.35, 7.36,

7.37 to EROTERV).

3. Additional geodetic measurements. Horizontal and vertical crustal movement

measurements in the surroundings of the Paks NPP. (1987; Report N. 16 to

EROTERV).

4. Additional geodetic measurements. Horizontal and vertical crustal movement

measurements in the surroundings of the Paks NPP. (1987; Report N. 19 to

EROTERV).

5. Local geodynamic investigation of the Nuclear Power Plant Paks:

I/a. Design and monumentation of a new extended horizontal network. (1987;

Report to PAV).

6. Local geodynamic investigation of the Nuclear Power Plant Paks:

1/b. First measurements of the extended network. (1988; Report to PAV).

7. Local geodynamic investigation of the Nuclear Power plant Paks.

1/f-lExtension to the South of the local geodynamic network of the Paks NPP site

(1988; Report to PAV).

8. Local geodynamic investigation of the Nuclear Power Plant Paks:

1/c and l/f-2.. Repeated measurements of the network including the South

directional extension. (1989; Report to PAV).

9. Local geodynamic investigation of the Nuclear Power Plant Paks:

1/d. Crustal movement analysis based on all available data (1989; Report to

PAV) .

10. GEODAT Version 1.0: Geodynamic Information System; Software Description.

(1989; G. Bartha, L. Banyai, J. Czomp6, Gy. Katona, G. Papp).
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11. GEODAT Version 2.0: Geodynamic Information System: Software Description.

(1990; Gy. Katona, G. Papp, T. Szabo).

12. Results of experimental GPS (Global Positioning System) measurements on the

local geodynamic network Paks (1990; Supported by National Science

Foundation, OTKA).

List of reports submitted to the Scientific Coordinating Committee

1. A. F. Grachev et al. (1987): Report about seismic hazard for Paks NPP.

2. A. F. Grachev et al (1989): Further analyses of geological position and

character of the fracture near the Paks NPP.

3. G. Chilkan et al. (1990): Geological structure studies between Tengelic-

Szolohegy and Pusztahencse.

4. T. Guthy, E. Hegedus (1990): Report on neotectonic studies performed near

Paks (Dunaszetbenedek) in 1989 using shallow seismic methods.

5. F. Horvart et al. (1990): Neotectonics of Paks region.

6. Z. Szab6 (1990): Study on geological and geophysical parameters of

epicentral regions of earthquakes with 1 - 6 (MSK-64) observed in Hungary

since 1763.

7. Gy Szeidovitz et al. (1990): Seismic risk of Paks.

8. B. Cs£k (1990): Analysis of impact on buildings of the earthquake in

Kecskemet on 8 July 1911.

9. E. Kilenyi (1991): On the review of studies concerning the seismic hazard

of the Paks NPP.
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10. Gy. Scheuer (1991): On the review of geological structural data obtained

for the Paks NPP site.

11. Z. Balla (1991): Remarks and proposal concerning the review of structural

data for the Paks NPP site.

12. S. marosi, F. Shweitzer (1991): Remark to the geological works performed

about the Paks NPP area. *

13. Safety Guide of IAEA "50 - SG- Earthquakes and associated topis in relation

to nuclear power plant siting.

14. Report on seismic measurements performed in 1987 in Paks region, ELGI. 2

volumes.

15. Report on the computerized reprocessing of seismic profiles in the young

laterally deplaced zone observed in the region between Danube and Tisza and

the mapping works of the said zone. GKV, 1988.

16. Report on the seismic profiles measured in the Paks are in 1986 .... GKV,

1987.

17. Report about the seismic profiles Du-1 18624 and Du-p2 8624 GKV,

1988.

18. Report about the shallow performed near Paks (Dunaszentbenedek) in

1989. ELGI.

19. Report on the seismic measurements performed on the area Orgovciny

Kiskoros - Fulopszallas. GKV 1988.

20. Report on the seismic logging performed in Paks-2 borehole, M_ELGI, 1979.

21. Summary report about the logging and seismic logging measurements in

boreholes at the Paks NPP site performed under a contract between Land

Measuring and Soil Investigating Co. and M_ELGI, 1987.
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1. Geological structural studies for improving the picture of Paks tectonics

and detailed geological description of Paks and its environment. Hungarian

State Institute of Geology, team leader: Dr. G. Chikdn.

2. Seismic measurement for better location of the fault line supposed between

Kecskemet and Paks (Kapos zone).

3. Seismological studies: Institut of Geodesy and Geophysics, Hungarian

Academy of Sciences.

3.1 Reevaluation of parameters of earthquakes in Hungary during XIX and XX

centuries, team leader: Gy. Szeidovitz.

3.2 Comparison of earthquake source zones with respect to seismic hazard at

Paks,. team leader: T. Zsiros.

3.3 Study of the impact of geological formations on the earthquake effects

in the Paks NPP area, team leader: I. Bondar.

4. Seismotectonic synthesis.

R. Eotvtos University, Dept. of Geophysics, team leader: Dr. F. Horvath.


