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ABSTRACT: Series of upgrades have been designed and implemented by EQE-Bulgaria at
Kozloduy NPP and as a subcontractor of EQE-International - at Paks NPP. Wide variety of facilities
have been upgraded, including Electrical Equipment, Control and Instrumentation Equipment,
Technological Equipment, Brick Walls and Building Structures. Different design approaches and
concepts have been applied in compliance with the specific technological and structural conditions.

The effect of the excitation intensity as well as the presence of specific floor response spectra over
the upgrading concept and cost is discussed.

Specific problems of supporting heavy technological equipment are noted.
A practical approach for seismic upgrading of Brick Walls, as well as a tendency for unification of

the engineering design is shown.
The first completely upgraded Building Structure at Kozloduy NPP is the structure of the

Electrical Control Building to the Diesel Generator of the River-bank Pump Station. Specific
problems of the implementation of the final upgrading design of the Diesel Generator Building are
outlined.

1. FOREWORD

Series of upgrades have been designed and implemented by EQE-Bulgaria at Kozloduy NPP and
as a subcontractor of EQE-International - at Paks NPP. Wide variety of facilities have been
upgraded, including Electrical Equipment, Control and Instrumentation Equipment, Technological
Equipment, Brick Walls and Building Structures. The purpose of the seismic upgrade projects has
been to implement possible changes immediately in order to improve the seismic safety of the power
plants With the exception of the building structures, the overall approach has been increasing the
seismic capacities of VVER-440 units by identifying and designing modifications for so-called "easy
fixes-

All the work on the seismic upgrades in Kozloduy NPP and Paks NPP has started in 1992 and
1993 respectively [1,2] and some final designs and implementations have been completed in 1995.
During this period considerable efforts have been made by experts from different institutions,
essentially supported by IAEA, to develop more adequate seismic input characteristics for the
seismic qualification of elements and components associated with the safe shutdown of the plants.
This included development of a Free-field Response Spectrum for Kozloduy and different Floor
Response Spectra for both NPPs. On the other hand, there is a considerable difference in the seismic
hazard prediction for the sites of Paks and Kozloduy NPPs. being respectively 0.35g peak ground
acceleration for the first site and 0.2g PGA for the second one. All this has inevitably affected the
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qualifications and the design of upgrades, ending sometimes not only with heavier or lighter fixing
elements, but even in changing the upgrading concept.

Another significant factor affecting the design of seismic upgrades of existing facilities is
obviously the free space and the existence of strong structural elements near by, such as reinforced
concrete floors, ceilings, walls, etc. It has to be noted, that very often initial concepts, that have
seemed possible and reasonable in the beginning, have to be principally changed in the end. The
implementation of the projects for seismic upgrading often is impossible because of lack of space,
especially concerning the upgrading of building structures.

2. SEISMIC INPUT

2 1. SEISMIC INPUT FOR KOZLODUY NPP

In the beginning of 1992 EQE-Bulgaria, under contract with Kozloduy NPP, started the design of
high priority short term seismic upgrades for the four VVER-440MW operating units at Kozloduy
NPP [3]. At that time the seismicity of the Kozloduy site was still under investigation, so the
estimation of the seismic capacity of the equipment was done on the basis of an anticipated
earthquake of 0.25g peak ground acceleration and assuming a broad banded response spectrum
similar to a US Nuclear Regulatory Commission standard spectral shape [4], Besides, in the design
of seismic anchorage upgrades of specific electrical power and C&I cabinets the seismic input loads
were to be based on the following equation, defining a static horizontal acceleration component
coefficient for 5% damping, Ft, [5]:

Fh = (0.8 + 2.0H s /Hn)g

where : Hs = height from the building base to elevation X
Hn = total height of the building.

The value of was to be reduced by a factor of 0.5, if the fundamental frequency of the upgraded
equipment could be shown to be equal to or greater than 8 Hz. The vertical component acceleration
coefficient was to be taken as 0.67Fh.

The Bulgarian Building Research Institute developed specific site response spectra, approved by
IAEA in the end of May 1992 [6]. The seismic evaluation was to be conducted for a safe shutdown
earthquake defined as 0.2g horizontal peak ground acceleration with 50% of this value for the
vertical component. On this basis a team of Energoproject S.A. lead by Mr. M. Kostov developed
floor response spectra for units 1-4 using detailed computer models of the structures [7]. The last
seismic qualifications and upgrades of equipment for units 1-4 were conducted using the floor
response spectra.

2.2. SEISMIC INPUT FOR PAKS NPP

Paks NPP had retained EQE-International and Westinghouse Energy Systems Europe (WESE) to
participate in strengthening plant equipment which had insufficient seismic capacity. EQE-Bulgaria
took part in the program as a subcontractor of EQE-International. The goal of the program was to
determine which components and structural elements associated with the safe shutdown of the plant
following an earthquake had seismic capacity less than 0.3g peak ground acceleration and to increase
their seismic capacity to withstand a O.35g earthquake (as a minimum).
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The screening of existing equipment and commodities has been carried out for a 0.3g peak ground
acceleration using 50% spectral shape defined in NUREG/CR-0098 [8]. For design of seismic
upgrades the more conservative design spectrum has been used. The ground motion was specified as
a US NRC Regulatory Guide 1.60 spectral shape anchored to 0.3g [4]. The seismic analysis has been
conducted by Siemens [9], They have developed floor response spectra for all locations of equipment
in the reactor building and the turbine hall. The analytical technique has followed the guidelines of
the US NRC Standard Review Plan [10] for conducting soil-structure interaction. The spectra
provided were the result of enveloping all locations on a particular floor with broadened and
smoothed peaks. The spectra were to be linearly scaled to 0.35g by multiplying by the ratio of
0.35/0.30 and were to be used in the design of upgrades.

2.3. COMPARISON OF THE SEISMIC INPUT FOR THE DIFFERENT CASES

In order to assess the effect of the different seismic input for the separate cases a brief comparison
of the inputs is made. For the purpose the different free field spectra for 5% damping are plotted on
Figure 1.
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Fig. 1 Comparison of 0.3g NUREG/CR-0098 spectrum, 0.3g Regulatory Guide 1.60 spectrum,
Kozloduy site 0.2g spectrum and Initial input for Kozloduy, 5% damping

It is obvious, that the seismic input for Paks is about twice the finally developed input for
Kozloduy. On the other hand the initial input for Kozloduy according to the formula is respectively
close to the 0.3g RG 1.60 Spectrum. The maximum spectral value of the acceleration on the
Kozloduy site has dropped 1.74 times and the maximum horizontal floor accelerations should have
dropped about two times and more.

In general it might be concluded, that the initial input for Kozloduy NPP site and the one for the
Paks NPP site do not differ substantially. The development of site specific response spectrum for
Kozloduy, the development of detailed structural models and from there - of floor response spectra,
has diminished the input seismic excitation for the structural elements and equipment considerably.
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3. UPGRADING DESIGN APPROACHES AND CONCEPTS

The general approach is to use seismic and testing experience and expert judgement,
supplemented by analysis, to demonstrate the seismic adequacy of equipment. The demonstration of
seismic adequacy includes the strength of the components and their anchorage as well as the
operability. "Generic Implementation Procedure for Seismic Verification of Nuclear Plant
Equipment" has been developed by the Seismic Qualification Utility Group (SQUG) in 1991 [11]. It
covers twenty generic classes of active equipment as well as cable trays, tanks and heat exchangers.
The strength is demonstrated for the most part by providing that the equipment is adequately
anchored. Operability is demonstrated by assuring that the equipment is similar to equipment in the
experience database and that it meets all the inclusion rules contained in the Generic Implementation
Procedure

3.1. CONCEPTS FOR UPGRADING OF ELECTRICAL, INSTRUMENTATION AND
CONTROL EQUIPMENT

For better understanding of the approach for supporting and upgrading the cabinets it is essential
to remind, that initially for Kozloduy the value of horizontal excitation was to be reduced by a factor
of 0.5 if the fundamental frequency of the upgraded equipment could be shown to be equal to or
greater than 8 Hz. This is completely reasonable and complies well with the character of the standard
response spectra , such as RG 1.60 (see the graph on Fig. 1). From experimental data the natural
frequencies of such type of cabinets are found to be in the range of 3 to 10 Hz [12]. As the usual
structural scheme for the cabinets is a cantilever beam, it is natural to choose an approach to support
the cantilever at the top (Fig. 2), thus changing the natural frequency and drifting it in the range of 12
to 30 Hz.

. CSd CABINET fn=3-10Hz fn=12-30Hz
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M support M

Fig. 2 Structural schemes for dynamic calculation of cabinets

In this way it is considered, that not only the seismic stability of the whole cabinet is provided, but
the seismic effect over the electrical and control and instrumentation devices is reduced.

In cases with rows of cabinets the supporting at the top is preceded by uniting the separate
cabinets . Uniting at the top is usually done with bolts and uniting members, the latter being pieces or
continuous element along the whole row. The supporting at the top has different opportunities in
accordance with the cabinet location - to be anchored to the ceiling, to a neighbouring concrete wall,
to the floor, to a perpendicular neighbouring row of cabinets, by uniting cabinets arranged in "horse
shoe" and by vertical supporting frame. Typical details are shown on Figures 3,4,5,6.
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Fig. 3 Uniting of cabinets and supporting to the ceiling
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It was found in Paks, that the seismic vulnerabilities of equipment were almost identical to those
determined for Kozloduy and that the same "easy fix" backfits would be generally applicable for
Paks Practically the same concepts were applied as the initial input for Kozloduy was comparatively
close to that assumed for Paks (Fig. 7).
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Fig. 7 {'-niting of Cabinets and Supporting to the (''eiling in 1'aks M'l'

The development of the floor response spectra for Kozloduy units 1-4 gave the opportunity to
avoid the necessity to change the system's natural frequency for cabinets located at lower levels
Even more - in the "easy fix" calculations for these cabinets the highest spectral values of the
acceleration for a certain level was applied, regardless of the natural frequency. The reactions in the
anchoring points were calculated to be small enough to allow very simple detailing and constructing.
Simple anchoring elements with one or two anchoring bolts were applied (Fig. 8).

A-A

CABINET
COLUMN V -

At the same locations very simple
bolting one cabinet to the other.

Fig. H Anchoring Detail

unification at the top was applied, often comprising of direct

3.2 TANKS AND OTHER TECHNOLOGICAL EQUIPMENT

Thin-walled tanks and similar equipment had been supported in Kozloduy and Paks in a similar
manner. They are usually supported at the top and anchored at the bottom. Supporting of vertical
tanks at the top if possible is preferred because of the much greater mass compared to the cabinets
For the lightest tanks and in cases, where the seismic excitation is shown to be weak enough, only
strengthening of the legs and improvement of the anchoring was applied (Fig. 9).
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/'"/#. 9 Improvement the supporting of tanks in I'aks NPP

As the upgrades are usually designed as steel supports, elements and anchorings, the technological
and structural restrictions for minimal size do not allow taking advantage of lower excitations and
realising any considerable material economy. For control of the expenses for upgrades the backfit
concept is of the greatest importance.

Sometimes there are special problems with supporting heavy technological equipment, especially
of such, included in the primary circuit. Equipment of this type is predominantly made of stainless or
other special alloyed steel and welding to its corpse is not only difficult, but very often forbidden. All
this requires a special approach for the support concept and design. Interesting examples are some
tanks in Paks and Kozloduy NPPs (Fig. 10,11) and the pressurisers in Kozloduy NPP units 1-4
(Fig. 12).

ID Seismic supporting of n Steam iiciieralor Illnutluwn Separator lank in Ko:hxliiy
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/'/«. / / Seismic: supporting of a Steam (ieneralor Blowilown Separator lank in Kuzlodtty - detail

The pressurisers are supported to the neighbouring reinforced concrete walls, by means of special
elements (Fig. 12). It would be interesting to mention, that all the connections are dismountable.

12 Seismic supporting of I'ressunser to the wall in Kozloduy NI'P
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3.3 SEISMIC UPGRADING OF BRICK WALLS.

Masonry brick walls are classified as major sources for seismic interactions. The seismic
interactions may result from the falling of one item which is not essential (brick wall) into an essential
item. That is why if the neighbouring equipment is in the safe shutdown path, the brick walls are to
be reinforced and supported.

A practical approach for seismic upgrading of brick walls is adopted. The main concept is to
support the walls by means of vertical standard channel steel, anchored to the ceiling, the floor and
the wall itself. The calculation procedure is reduced to determining the distance between the vertical
supporting profiles, the last depending on the mortar tensile strength, the wall height and the seismic
input. Typical details were developed for anchoring the steel channel to the floor (Fig. 13) and to the
top according to the type of ceiling (Fig. 14,15).

ANCHORING TO FLOOR

X BOLT HILTI

Fig. 13 Anchoring the steel channel lo the floor

It should be noted, that a significant economy had been realised by applying testing procedure of
HILTI HIT C20 anchor bolts [13]. The application of this procedure allows the reduction of the
safety factor v from 3 to 1.25 thus reducing the number of anchorings more than two times. This is
important especially for anchorings of the channel to the brick wall, where their quantity is very

Fig. 14 Anchoring of the supporting steel channel to the ceiling - variants
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3.4 SEISMIC UPGRADING OF BUILDINGS

EQE-Bulgaria under contracts with Kozloduy NPP has elaborated projects for seismic upgrades
of a series of building structures including: Diesel Generator Building 2, Central Pump Station 2,
Autonomous Pump Station, Electrical Control Building to the Diesel Generator Building of the
River-bank Pump Station, Diesel Generator Building of the River-bank Pump Station and as a
subcontractor of EQE International - Spent Fuel Storage Building. The design process itself is
difficult enough and there are a lot of problems related to it, that will not be considered in this paper.
As the process of implementation of these projects has already started it is better to point out some
specific problems that have appeared.

The general idea in the seismic upgrading of buildings is to construct new bearing elements to
take the seismic forces from the top of the building to the foundations such as: strengthening of roofs
and floors, vertical steel X braces and outer steel braces, new shearwalls, in cases - new additional
foundations.

The first completely upgraded building structure at Kozloduy NPP is the structure of the
Electrical Control Building to the Diesel Generator Building of the River-bank Pump Station [14].
The upgrading of the building of the diesel generator itself is almost completed. These buildings are
typical for the Kozloduy site, erected of precast reinforced concrete elements. The general upgrading
approach for such buildings is by placing vertical steel X braces between the reinforced concrete
columns, spanning from the roof to the basement floor (Fig. 16).

Fig. 16 New vertical steel X braces in the Diesel Generator Building
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At some places, if possible, casting of new reinforced concrete walls is applied. The braces are
anchored to the concrete columns or to the concrete floors. Typical detailing is shown on Fig. 17

/-/». / 7 Detail of a new vertical brace anchoring to column and floor

In order to avoid insufficient anchoring, the attachment of the bracing members to the existing
concrete columns is done by drilling the columns and placing uniting rods threaded on both sides. By
means of nuts the ending plates of the bracing members are fastened to the column faces (Fig. 18).

ENDING PLATE

EXISTING RE-BARS

VERTICAL BRACE

EXISTING CONCRETE COLUMN
PASSING THREADED RODS

WITH'NUTS"""" ""

/•is,'. Jfi Detail of brace anchoring lo column

Specific problem of the implementation of the final detailed design is placing the uniting rods
passing through the concrete columns. This is so because of the production displacements of the
reinforcing bars from their prescribed positioning. Sometimes the necessary passing rods are to have
greater diameters and conflict with the re-bars of the column are possible because of uncertainties
and admissions. Finally new position of the bracing has to be chosen, which is not always possible.
Moving slightly the bracing axis from the column axis is not usually a serious structural problem, but
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is a serious implementation problem if the bracing member comes into conflict with neighbouring
cable trays, cabinets, tubes or ducts of different type. The moving of the neighbouring device is not
always possible not to mention the additional expenses. The best decision in such case is to move the
brace to another span between the columns if it is structurally possible. Unfortunately it happens that
the whole upgrading concept has to be changed, followed by new calculations and design
respectively requiring additional time and efforts.

Generally the application problems are connected with absence of free space to place the
upgrading members. Moving of existing ducts and equipment usually comes out to be more
expensive and time consuming than the very upgrades. All this brings up again the importance of
precising the seismic excitation and limiting the conservatism to a reasonable point in order that
smaller upgrading elements could be applied without safety loss.

4. CONCLUSION

The implementation of the programmes for improving the seismic safety of VVER-440 type units
in Eastern Europe aims to increase the reliability of safety systems and reduce the influence of the
external events in the total risk of nuclear accidents.

The re-evaluation of the design basis and design implementation from the point of view of the
modern criteria for designing and construction of NPPs [15], show the leading influence of
earthquakes in the global nuclear risk. Substantial investments were directed to seismic upgrades.
The approach for their realisation includes three stages.

I and II stage - short-term programmes realised during regular annual outages including the
seismic upgrade of technological, electrical and C&I equipment, cable trays, pipelines and brick walls
which are source of risk for such equipment;

III stage - long-term programmes including seismic upgrade of building structures.

Stages I and II are almost completed in Kozioduy NPP with the exceptions of some complex
pipelines and cable trays.

It is possible to perform a risk reduction assessment of Kozioduy NPP based on probabilistic
safety analysis (PSA) of a Top Level Risk Study (TLRS), realised by EQE-Bulgaria [16]. According
to general data the realisation of stages I and II has reduced the nuclear risk of an earthquake with a
factor of 7 to 10 and the influence of the earthquake as an initial external event from 50% (or
dominant) to 20-25%. The realisation of the stage III will reduce the influence of the seismic event
below 10% which means that it will not predominate in a quite lower level of risk.

In spite of all the specific problems and difficulties of the implementation of seismic upgrades of
nuclear facilities in Eastern Europe the work is proceeding and there is a considerable effect already.
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