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1. INTRODUCTION AND OBJECTIVES

Upon the invitation of the Government of Bulgaria through the Committee of
Peaceful Uses of Atomic Energy and within the framework of the Technical
Assistance and Co-operation Programme between Bulgaria and IAEA for the Project
BUL/9/012 related to site and seismic safety of nuclear power plants, a Seismic
Safety Review Mission for the follow-up of the design and implementation of the
seismic upgrading of Kozloduy NPP was performed in Sofia from 16-20 November
1992. The mission involved two staff members, A. Gurpinar and A. Godoy (NENS-
ESS) and three outside experts, Messrs. M. David (CSFR), H. Shibata (Japan) and
J.D. Stevenson (USA).

This mission constitutes the second task of the follow-up activities of the design
and implementation of the seismic upgrading (Phases 1 and 2), which is being carried
out in Units 1 and 2 of Kozloduy NPP (VVER-440/230). The first follow-up.was
performed through two previous missions in August and October, respectively
(BUL/9/012-18 and 18b).

The design of the seismic upgrading of Units 1 and 2 was performed by an
International Consortium (WESI and Empresarios Agrupados with Bulgarian
subcontractors) on the basis of the criteria and methodologies (Terms of Reference)
established by an IAEA expert team in April 1992. This upgrading should satisfy the
requirements imposed by the new defined seismic parameters at the site (i.e. a zero
period ground acceleration of 0.20g) and the existing specific plant conditions.

The implementation of the above mentioned design has started in the Unit 2 in
the beginning of November. Similar activities in Unit 1 will start soon. Moreover,
Units 3 and 4 are being seismically upgraded according to a design performed by
another contractor (EQE Bulgaria), although based on the same seismic input and
terms of reference.

Thus the objective of the mission was to assist the Bulgarian authorities in the
technical evaluation of the design tasks defined for Phases 1 and 2 item HB of
WANO 6 Month Programme, as follows:

anchorage upgrades of low seismic capacity components;
list of seismic safety related systems and components;
detailed walkdown to assess seismic capacity of components and define
priorities for the upgrading;
determination of seismic structural capacity of Pump House, Diesel
Generator Building and Turbine Building and design of required
upgrades;
liquefaction potential evaluation.

In addition to the above mentioned objectives the IAEA staff members
discussed the following topics with the Bulgarian authorities:

reconstruction of the strong motion instrumentation (SIAZ System);
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local seismological network (with equipment to be partially supplied by
US and 1AEA/TC funds).

CONDUCT OF THE MISSION

The review was based on reports presented during the meetings by experts of
the International Consortium responsible for the design (Phases 1 and 2) of the
seismic upgrading (WESI, Empresarios Agrupados and Bulgarian Subcontractors -
mainly Energoprojekt and CLSME/BAS) for Units 1 and 2. A one day visit to Units
2 and 4 of the Kozloduy NPP, in which the implementation of the seismic upgrading is
presently under way, was performed.

The mission programme, the list of participants and the presented reports are
given in Appendices I, II and III, respectively.

The remainder of the other topics (SIAZ System and seismological network)
were discussed with representatives from the CPUAE, NEC, Kozioduy NPP and the
Geophysical Institute.

In the final closing meeting with Mr. I. Sotirov, Vice President of the National
Electricity Company, and Mr. Kusmanov, Director of Kozloduy NPP, the conclusions
and recommendations of the mission were given (see Appendix V). Mr. M. Milanov
provided a copy of the implementation schedule ongoing for Unit 2, with indication of
the upgrades which will be carried out before the starting of that unit (see Appendix
VI).

3. TECHNICAL FINDINGS

3.1. TECHNICAL SESSION FINDINGS

3.1.1. Task 1-1: Design of Seismic Support or Anchorage Upgrades for
Equipment Identified as Low Capacity, in Kozloduy Unit 1-2

It appears that each of electrical equipment shown in Table 1-1 (attached as
Appendix VII) as items 8, 9,10, 11, 15 and 17 have been evaluated for a 500 kg
tensile and 200 kg shear load in each of the four corners of the equipment These
loads are being carried by either the addition of M8 type rDLTI expansion anchors
bolts or by the evaluation of the existing anchorage systems. These loads in general
have been determined considered the equipment as potentially flexible (ff < 8.0 Hz).
In addition positive connections have been specified between cabinets and panels in
the same row. For the item 6 transformer in Table 1-1, the component has been
evaluated assuming the component is rigid (ff i 8.0) and keeper plates have been
designed to resist a 1000 kg vertical and 500 kg shear load at each wheel support.
Additional stiffening of the outer cover of the transformer has been provided by in
place steel braces attached to the ground.
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Anchorage designs have also been developed for the following mechanical
components:

Equipment No.

1
3
4
2
7

Description

Diesel Fuel Storage TK (concept)
Service Water TK (concept)
Diesel Day Tank (concept)
Decay Heat Hx (concept)
Thyristor (concept).

Other equipment including items 5, 12, 13, 14 and 16 from Table 1-1 were
deferred to Task 2-2.

3.1.2. Tasks 1-2 and 2-1: Analysis of Seismic Capacity and Design of Upgrades
for Pump House and Diesel Generator Bulding

3.1.2.1. Pumphouse No. 1

The Pumphouse structure consists basically of two parts. The underground part
is of monolithic steel reinforced concrete, B20, the upper part in the shape of on field
cross frames has been mounted from precast concrete elements - reinforced concrete
columns (B25), reinforced concrete roof beams with variable height from 65 to 140 cm
(B25) and roof panels of prestressed concrete B25.

All prefabricated members are connected by steel plates and welds.

The present state of all structures was controlled by walkdown on 21st May
1992 by representatives of INITEC and on 3rd June 1992 by "Hydropower". The
bearing capacity of the structure has been verified by the calculation of internal
forces.

The verifications have proved that the columns cannot withstand the loads
corresponding to the load combination with earthquake. The roof beams have
sufficient bearing capacity, but their connections are poor.

After investigation of two variants of upgrading of the prefabricated structure
the following solution was accepted:

The strengthening in the transverse direction is considered by additional
steel frames located at 4.5 m intervals outside the building. The
connection between the existing concrete structure and newly added steel
frames is ensured by a steel horizontal beam at the level 43.35 m.

The original structure is upgraded by "x" steel bracing in two frame fields
on both sides in the longitudinal direction.

The roof beams are laterally reinforced by vertical steel trusses in the
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middle frame fields and by steel beams along the whole length of the
building at the levels of added horizontal steel trusses.

The structure with additional strengthening has been verified with different
calculations (by Finite Element Method - FEM) using the following models:

2D model of the upper frame (computer program SAP-80).

2D model for soil structure interaction (computer program FLUSH).

3D model for static and dynamic analysis of upper structure (computer
program NISA II).

The calculation of earthquake loading has been performed using the modal
analyses method and the ground response spectra as input.

The following loading combinations have been analyzed:

Basic load combination: G + Wy + S + Ky

Accidental load combination: G + 0.25 (S + Ky) + Ey

where: G = Dead weight
Wy = Wind loading
S = Snow loading
Ky = Crane loads
Ey = Seismic loads.

All steel and concrete sections have been checked according to ACI 318-83 •
USA Building code.

3.1.2.2. Diesel Generator Building

The Diesel Generator Building has an irregular shape with two intermediate
floors. The structure consists of steel reinforced concrete frames with a heavy
prefabricated concrete roof.

It was verified that the present structures cannot wittistand the Review Level
Earthquake.

The strengthening of the structures is proposed as follows:

To replace the heavy reinforced prefabricated roof by a light steel
structure in order to reduce the earthquake horizontal forces.

To implement new additional bracing in vertical direction in between
present columns.
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The proposed strengthening of the structure has been checked by the dynamic
calculation using FEM and a 3D analytical model.

The soil structure interaction (SSI) was considered in the dynamic calculation
of diesel generator foundation only.

3.1.3. Task 1-3: Systems and Components Required During and After a Safe
Shutdown Earthquake

This task report was prepared by WESI and their contents consist of 2.0-Basic
Criteria, 3.0-Safety Shutdown Functions, 4.0-Plant Systems Required after an SSE and
5.0-Structures Required after an SSE. These contents are well organized, especially in
relation to tasks 1-4 and 1-5 as well as for task 2-2 "Equipment Anchorage Upgrades".
This includes also Appendix A; System Diagrams and Appendix B; Master List of
Components.

This master list of components is the original list to produce other lists like
"List of Low Capacity Mechanical Equipment and Corresponding Upgrading in the
Report T-2.2. At first the "Criteria and Assumptions for Kozloduy NPP" were
established based on USNRC GL-8702 and others, and the mission found that they
were done suitably. "Safe shutdown Functions" which consist of 4 functions are
described as the functions of 23 systems such as "Reactor Coolant Systems, Emergency
Electrical Power Supply" and so on with their system diagrams with categorizations on
their main features (indicated by colours on diagrams), Backfit Class (A,B,C and D)
and ANS Safety Class. From these 23 diagrams, "Master List of Components
Required after an SSE" were produced. This list includes 228 components with their
locations and other informations above mentioned.

Task 1-3 is continued to tasks 1-4 and 1-5, as follows.

3.1.4. Task 1-4 and 1-5: Equipment Anchorage Walkdown and Upgrade
Prioritization

This task report was prepared by Empresarios Agrupados. The contents consist
of 2.0-List of Mechanical Equipments and Corresponding Capacity Rating, 3.0-List of
Electrical and Instrumentation Equipments and Corresponding Capacity Rating and
4.0-Prioritization of Low Capacity Components, and attached photographs.

Items in those lists were numbered as those in the Report of Task 1-3 with
capacity ratings made on structure, anchoring and internals with comments referred to
examples shown by photos, if necessary.

According to their capacity rating, "Prioritization of Low Capacity Components"
was determined mainly by expert judgement, and listed with some noted, if necessary.
The numbers of items are 24 for mechanical components and 22 for electrical
components and those lists are tabulated as follows:
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List of Low Capacity
of Mechanical Equipment*
and Electrical Equipment
(Task 1-4, Tables 3-1.2 and 4-1)
(Tasl 2-2, Tables 2-1, 3-1 and 3-2).

* 21. P. Fuel Oil Day Tanks was added in T-2.2.

3.1.5. Task 2-2: Design Loads of Seismic Supports or Anchorage Upgrades for
Additional Equipment Identified as Low Capacity in Task 1-5

In addition to those items identified in Table 1-1 (Section 3.1.1. of this report
and Appendix VII) several additional items were identified in Table 2-1 (attached also
in Appendix VII) except for items 10.2, 10.3, 21.7, 21.8 and 21.12. Additional
electrical items were identified in Table 3-1 (also Appendix VII) except for items
EO.3 through EO.7 and EO.17. Additional instrumentation items were identified in
Table 3-2 which is also attached.

The seismic zero period acceleration input to the equipment anchorage and
support in this task have been reduced from that used in Task 1-1 to Sa/4 which
results in a 0.2g to 0.7g input as a function of height rather than 0.4g to 1.8g as
defined for Task 1-1.

The calculation of seismic induced loads were reviewed for the following items:

a. Decay Hx
b. EW Tank-HPSI Suction Pipe
c. Sump Drain
d. EW-Tank-PFS Suction Pipe
e. HVAC System Supports
f. Electrical Cable Supports
g. Diesel Generator Auxiliaries
h. Spray lines Outside Confinement
i. Control Boxes for MDV
j . S.G. Blowdown Piping
k. S.G. Blowdown Filter Tank
1. Spray Lines Inside Confinement
m. HPSI Lines Inside Confinement
n. MC Centers

The loads determined appear reasonable provided the assumptions made
regarding frequency and load paths are valid.

3.1.6. Task 2-3: Analysis of Seismic Capacity of Turbine Building

The structures of the turbine building has been analyzed by calculations using
FEM and following models:
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2D model modelling in the lateral direction the whole main building
including the soil. This model has been used for evaluation of floor
response spectra.

3D model of the end part of the turbine building (from the end up to
the expansion joint).

3D model of the whole main building, including the end part of the
turbine building.

The section forces in important sections have been determined and the bearing
capacity of these sections has been analyzed using the interaction diagrams of these
sections.

3.1.7. Task 2-4: Evaluation of Liquefaction Potential

A report titled "Evaluation of Liquefaction Potential of Sand" was
presented and discussed. The study is related to the liquefaction
potential of a sand layer under the water intake channel connecting the
pump station on the Danube to the pump station at the site with a
length of about 7 km.

The sand layer i? more or less continuous along the channel with a
thickness of several meters and at a depth of some S m from the bottom
of the channel where it is most susceptible to liquefaction because of
reduced overburden due to the excavation for the channel.

Several methods have been used based on empirical relations, in-situ as
well as laboratory tests.

These are compared and it is eventually concluded that this sand, layer is
likely to liquefy when subjected to the design basis vibratory ground
motion. It was also reported that some liquefaction effects were
observed near the pump station on the Danube after the 1977 Vraruea
earthquake.

The report also concludes that slope stability of the embankment should
be assessed as a consequence of the liquefaction of the sand layer.

3.2. SITE VISIT FINDINGS

3.2.1. Implementation of Installation of Seismic Design Fixes on Kozloduy
Unit 2 (according to the design performed in Task 1-1)

To date the seismic fixes observed installed in the field have limited to
additional HILTI expansion anchors and base plates welded to electrical
cabinets and filling of gaps in the deaerator tanks supports with weld
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metal. Earlier seismic fixes which consisted of restraining the top of
electrical racks and cabinets with steel rods were also observed.

The HILTI bolts did not appear in may instances to extend through the
concrete fill slab to the structural concrete below.

The welding observed which appeared adequate for the purpose of
anchorage of relatively light electrical equipment did not appear to have
been made by trained and qualified structura! steel welders using
approved welding procedures. This is particularly important when
making welds between structural plate and thin wall cabinets to avoid
potential burn through of the thin wall members.

The use of concrete reinforcing bar as shim plate and structural supports
was observed in several instances. Use of such reinforcing rod in general
should not be permitted because of its high carbon content (i.e. > 0.3%
carbon) and the resultant loss of ductility and potential for cracking in
the heat affected zone and difficulty in welding without very stringent
preheat requirements.

3.2.2. Reconstruction of SIAZ System at Units 1-4

During the site visit it was possible to verify:

the almost completed construction (civil and electrical works) of the
stations 9a, 5a and 3a;

In the station 9a, one SSA-2 new strong motioi: accelerometer was being
installed as well as the sensors of SSA-3 (SIAZ System);

In Unit 3, one SSA-2 was being installed in the Intermediate Building;

The computer for the Digitizing System is placed in the offices of Mr. M.
Milanov, however some components supplied (Le. printer, etc.) were not
there.

In the laboratory for repairing and maintenance of SIAZ System it was
informed that some spare parts and equipment provided were missing
(i.e. Jenson Tool box).
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4. CONCLUSIONS AND RKCOMMKNDATIONS

4.1. MAIN CONCLUSIONS AND RECOMMENDATIONS

1 ) The Seismic Safety Review Mission has reached its prescribed objectives,
i.e. the review of the work related to tR3 first two phases of the Terms of
Reference for seismic upgrading of Kozloduy NPP Units 1 and 2. The
Mission was also informed on the progress of similar work for Units 3
and 4. A brief walkdown of parts of Units 2 and 4 provided some
impressions on the extent and quality of the implementation of the
upgrading.
In general, the design work pei formed by the Consortium was found to
be highly professional and in compliance with the Terms of Reference.
Good collaboration between the partners of the Consortium has also
contributed to the high quality and timeliness of the product.

2) A previous IAEA mission assisted to establish the criteria and
methodology (Terms of Reference - TOR) for the seismic upgrading of
structures, systems and components at Kozloduy NPP, taking into
consideration the urgency tor the implementation of these measures
during the outage of Units 1 and 2, and which would subsequently be
applicable also to Units 3 and 4.

The Mission was informed that the complete implementation of the
design upgrades will be carried out only for Unit 1 at this time,
considering the extended ongoing outage of this Unit, Although the
implementation in Unit 2 has recently started, it will now be completely
executed before the re-starting of this Unit, Notwithstanding the
different reasons given to justify the postponement, special attention
should be given to the fact that the main criteria for the definition of the
phases and task;; in the TOR was to obtain the most effective .
cost/benefit ratio in the increase of the seismic safety with the execution
of the fixes in safety-related components, already defined with low
seismic capacity. It is strongly recommended to keep this concept in
mind for the planning and execution of the activities at site.

3) During the site visit, the implementation of some anchorage fixes of
electrical cabinets and transformers in Units 2 and 4 was observed.
The quality of workmanship and field change requests require serious
attention in particular for the training and qualification of welders and
using approved weld procedures and use of welded rebars to fill gaps
between anchorplates and anchorage of supports to the finishing
concrete floor.
Taking into account these remarks, qualification of site personnel and
preparation and compliance to written procedures are strongly
recommended. Task 2-5 of the TOR regarding on-sitc surveillance
throughout all the implementation procès was specified with the
purpose to guarantee the quality of the execution and its compliance
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with the upgrade design documents.

4) Co-ordination of all works related to the seismic upgrading of Kozloduy
NPP Units 1-4 should have a very high priority. Unnecessary duplication
and contradictory solutions to similar problems should be avoided to the
extent possible. Similar seismic safety targets should be set for all units
in each phase of the work (similar to those indicated in the TOR).

5) It is noted that the Review Level Earthquake (RLE) provided to the
contractor does not include the near field earthquake as recommended
earlier (IAEA Mission Report of task BUL/9/012-14). Although a full
analysis of the structures to this ground motion is not necessary, the
upgraded design of the structures should be checked also for this
additional earthquake.

6) While not part of the scope of the TOR, it is strongly recommended that
safety related relays and spring or liquid level actuated devices as
provided in the original installation be generically seismically qualified
by shake table testing in the as installed configuration on typical rack
structures or alternatively the seismic response of the racks be
considered in determining the input motion to the relays or other devices
when such devices are tested repeatedly.

7) With respect to the local seismological network for which a proposal was
prepared by the Geophysical Institute, it was concluded that it is not
appropriate to the project requirements and priorities in its present form.
Modifications necessary for its reconsideration have already been
discussed with all parties concerned.

4.2. SPECIFIC CONCLUSIONS AND RECOMMENDATIONS

4.2.1. Task 1-1: Design of Seismic Supports or Anchorage Upgrades for
Equipment Identified as Low Capacity

1) The determination of seismic loads in Task 1-1 appears quite adequate
and in many instances conservative.

2) The design of seismic supports for the loads determined appear
adequate. However, there were no detailed calculations for the supports
and anchors developed which would include computation of stresses in
the structural members and connections and a demonstration by
comparison with design allowable the necessary design adequacy.
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4.2.2. Tasks 1-2 and 2-1: Analysis of Seismic Capacity and Design or Upgrades
for Pump House and Diesel Generator Building

4.2.2.1 Pump House (No. 1)

1) The present prefabricated structure of the roof is very heavy and this
results in very high lateral and longitudinal seismic loads and require
very heavy strengthening of the structure in both directions. It can be
recommended to assume the replacing of the prefabricated concrete roof
by light steel structure and to compare this solution with the adopted
alternative of upgrading.

It should be noted that many NPP do not use a specific building
structure for this purpose or use a removable enclosure around the
pumps only.

2) The calculations, the FEM models and the control of the sections are
adequate for this reasons. The utilization of six modes in the modal
analysis of 3D model takes into account a total modal masses equivalent
to 77.40% of the total mass of the structure. The calculation can be
improved either by taking into account more modes or by introducing
missing mass correction factor in order to include 85-95% of total mass
in the calculation.

3) The facade and roof panels should be carefully verified to the seismic
loads both, from the point of view of their integrity as well as for their
anchoring to the main structure with respect to the present state.

4) The masonry walls should be also analyzed very carefully with respect to
its response to the seismic loads and they should be either replaced or
reinforced.

5) The recommendations of the previous IAEA mission (BUL/9/012-18b,
19-23 October 1992) should also be considered in this regard.

4.2.2.2. Diesel Generator Building

1) The proposed conception of the upgrading is reasonable.

2) The neglecting of soil-structure interaction (SSI) effects in the dynamic
calculation can result in errors, particularly in the floor response spectra.
It is recommended to check the present calculations with calculations
taking into account the mentioned effects.

3) It is recommended to verify very carefully all facade panels and masonry
walls, with respect to their present state.

4) The recommendation of the previous IAEA mission (BUL/9/012-18b,
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19-23 October 1992) should also be considered in this regard.

4.2.3. Tasks 1-3, 1-4 and 1-5: List of Seismic Safety Related Equipment,
Detailed Walkdown and Definition of Priorities for Seismic Upgrading

1) The mission observed that these reports were well organized and easy to
be understood the procedure to pick-up the low capacity components.
However, most of lists do not refer to internals on electrical components
like MCC (Motor Control Centre). One malfunction of a relay during
an SL-2 earthquake may disturb the reactor safety, therefore generic
qualification of internals of electric components is necessary.

The use of this procedure is recommended to use for upgrading of other
plants in principle.

2) It is sometimes not clear how to determine the capacity ratings (High-H,
Medium-M and Low-L).

3) Some important items Uke Steam Generator/Tubes and Shell were not
evaluated. If not possible to observe them in field, the rating should be
done on drawings by subjective judgement as walkdown survey. On the
other hand, also performing simple tests to obtain quantitative data on
their strength may be done, according to their circumstances.

4) It is also recommended that the evaluation must be done on the
interaction between structural element failure and functions of
equipment by walkdown and upgrading of structure must be done for
them, if necessary.

4.2.4. Task 2-2: Design of Seismic Supports or Anchorage Upgrades for
Additional Equipment Identified as Low Capacity in Task 1-5 .

1) The determination of adequacy of seismic loads in Task 2-2 depends on
the frequency response of the components. It is not obvious that the
frequencies assumed are in fact correct.

2) The comment regarding detailed design of Task 1-1 item seismic
restraints is also applicable to Task 2-2 items.

4.2.5. Task 2-3: Analysis of Seismic Capacity of Turbine Building

1) All presented analyses and analytical models using FEM have been
found on a high technical level.

2) The bearing capacity of roof trusses should be also checked.

3) The alternative solution with light steel roof structure should be also
analyzed.
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4.2.6. Task 2-4: Evaluation of Liquefaction Potential

1) The studies related to the liquefaction potential are satisfactory and their
conclusions should be assessed in terms of possible consequences. The
existence of a substantial layer of loess makes the embankment of the
channel particularly vulnerable to slope failures as a consequence of
liquefaction.

2) Prior to starting of any upgrading work on the channel, its nuclear safety
significant should be adequately assessed in order to assign the
appropriate priority for the improvement of this item.

4.2.7. Site Visit: Implementation of Installation of Seismic Design Fixes on
Kozloduy Unit 2

The load capacity of HILTI bolts embedded in fill slabs with cold joint
connection to structural slabs should be determined by in-site testing
since the failure surface, hence capacity, of the bolt may be adversely
affected by the cold joint between the fill slab and the structural slab.

A program for the development of approved weld procedures, training,
and qualification of welders should be undertaken.

The iastallations made to date which were observed during the limited
walkdown conducted on 17 November appear to be adequate for
intended purpose.

While no part of the scope of the Terms of Reference, it is strongly
recommended that safety related relays and spring or liquid level
actuated devices provided by the Soviet Union in the original installation
be generically seismic qualified by shake table testing in an as installed
configuration on typical rack structures or alternatively the seismic
response of the racks be considered in determining the input motion to
the relays or other potentially vibration sensitive devices.

4.2.8. Local Seismological Network Around Kozloduy NPP

1) As was pointed out in the Final Report of the IAEA Seismic Safety
Review Mission (task BUL/9/012-14, 26-29 May 1992, see page 16
"Closing Meeting"), the IAEA experts received information on the
Geophysical Institute proposal for a seismological network around
Kozloduy NPP site. The main remarks of the experts were that the
network should be less sophisticated but should have a greater number
of stations to the extent feasible.

During the technical discussions three main aspects were observed:

a) the sensors located in deep boreholes;

1)

2)

3)

4)
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b) the transmission of data through a telemetric system;
c) the number of stations.

2) During the IAEA Seismic Safety Review Mission corresponding to task
BUL/9/012-18 from 3-7 August 1992, this issue was discussed again and
it was agreed that a new proposal from the Geophysical Institute would
be prepared, taking into account the remarks of previous experts'
missions mentioned above.

3) The proposal received during the last IAEA Seismic Safety Review
Mission (task BUL/9/012-19, 16-20 November 1992) insisted with the
deployment of stations equipped with 3 directional sensors in deep
boreholes (100-300 m). No indication was given on the theoretical
detection threshold of the network (detection capability i.e. the smallest
magnitude microearthquake which can be detected above microseismic
noise and then located), and which can support such expensive
arrangement.
The difficulties connected to the following were again pointed out:

a) construction requirements;
b) effectiveness of 3 directional sensors;
c) ground water noise;
d) integration with the rest of equipment considering that the sensors

be provided only by one foreign supplier (Teledyne) and the
borehole casing by Bulgarian suppliers.

Later comments received from Teledyne and Nanometrics (partial
suppliers proposed by the Geophysical Institute) as well as from ISMES
support these remarks.

4) Therefore, it is concluded that the proposal prepared by the Geophysical
Institute is not appropriate to the project requirements and priorities in
its present form. Modifications necessary for its reconsideration have
already been reported to and discussed with all parties concerned.

4.2.9. Reconstruction of SIAZ System at Units 1-4

1) As was agreed in the previous IAEA mission in October (BUL/9/012-
18b), a Status Report was sent to the Agency in advance with detailed
indication of the work plan, the list of required additional spare parts
and the schedule for the execution of the work.

2) During the site visit a substantial progress was verified for the
reconstruction of SIAZ System at the Units 1, 2 and 3, in which the
relocation of sensors at the free-field were being implemented. The civil
and electrical works were near completion. Two new strong motion
accelerograms (SSA-2) were installed, one in the free-field (station 9a)
and the second in the Intermediate Building of Unit 3. It was

PROJIXT: BLL/9/012-I9
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recommended to check the location of the last mentioned instrument in
order to be compatible with the floor response spectra determination.

Regarding the present availability of spare parts it was decided to
reconstruct and put in full operation the SIAZ System correspondent to
Units 2 and 4, taking into consideration that Units 1 and 3 are or will be
shutdown for upgrading.

The "isolated" strong motion accelerometers (i.e. the new SSA-2, SMA-2
and SMA-1, which do not belong to the SIAZ System for the automatic
shutdown of the plant) will be installed as soon as possible.

The official confirmation of the receipt of the equipment supplied by the
Agency was not sent yet. It was informed at the plant that some spare
parts and components were missing in spite of the receipt of all of them
in Sofia.

In this regard, the CPUAE will prepare a report with detailed indication
of the missing components.

A report on the criteria about the automatic shutdown of the plant
because of the occurrence of an earthquake as well as the required post-
earthquake inspections, was presented and reviewed. In this regard, the
recommendation of Prof. H. Shibata is included in Appendix IV.
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APPENDIX I

PROGRAMME OF THE MISSION

Bulgaria, Sofia (Meetings in Hotel Kcdar) and Kozloduy NPP, 16-20 November 1992

Sunday, 15 November 1992 - Arrival of experts

Monday, 16 November 1992
09:30 - 12:00

14:00 - 18:00

Tuesday, 17 November 1992
06:00 - 21:00

Wednesday, 18 November 1992
09:30 - 12:00

14:00 - 18:00

Thursday, 19 November 1992
09:30 - 12:00

14:00 - 17:00

17:00 - 18:30

Friday, 20 November 1992
12:00 - 13:00

Opening session - Introduction - Technical
presentation of the reports by the Consortium

Technical presentation of the reports by the
Consortium

Visit to Kozloduy NPP
Walkdown of Units 2 and 4
Review of SIAZ System reconstruction work
Meeting with Mr. Kusmanov and Technical
Department Manager and staff

Technical presentations of the reports and
discussions

Technical presentations of the reports and
discussions

Preparation of the mission report by the experts

Discussions on the Local Seismological Network

Closing meeting with authorities from NEC, CE,
CPUAE, Kozloduy NPP and Geophysical
Institute and representatives from the Consortium

Departure of experts
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APPENDIX II

LIST OF PARTICIPANTS

1AHA Experts

1. Mr. M. David, Energoprojekt, Prague, CSFR

2. Mr. H. Shibata, Yokohama National University, Japan

3. Mr. J.D. Stevenson, Stevenson & Associates, USA

4. Mr. A. Godoy, IAEA/NENS/ESS

5. Mr. A. Giirpinar, IAEA/NENS/ESS

WANO Experts

6. Mr. J. Coniam, PIU/WANO, Sofia

7. Mr. P. Monette, WESI, Brussels, Belgium

8. Mr. A. Ordonez, Empresarios Agrupados, Madrid, Spain

9. Mr. G. Dellopoulos, WESI, Brussels, Belgium

BULGARIAN Experts

10. Prof. Ivan Sotirov, Vice President NEC A.S. (closing meeting)

11. Mr. Kusmanov, Director NPP Kozloduy

12. Dr. Zahari Boiadjiev, Manager Kozloduy NPP

13. Mr. Tzvetan Naniov, CPUAE, Sofia, Bulgaria

14. Mr. Dimitar Dinkov, NEC

15. Mr. Marin Kostov, CLSMEE-BAS

16. Ms. Haritina Boncheva, CLSMEE-BAS

17. Mr. Dimitar Stefanov, CLSMEE-BAS

18. Dr. Ing. Nicola Ignatiev, University of Architecture and Civil Eng.

19. Mr. Gentcho Markov, EGP
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20. Eng. V. Rostov, Dept. of Geotechnics

21. Mr. Tsocho Petkov, EGP

22. Mr. Artin Mamian, EGP

23. Mr. Milan Milanov, Technical Manager Kozloduy NPP

24. Mr. Tzvetan Ralchovsky, Geophysical Institute

25. Mr. Salio Satchansky, BRI

26. Mr. Mihailov, Geophysical Institute (seismological network)

27. Ms. Dineva, Geophysical Institute (seismological network)
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Sofia, Bulgaria
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APPENDIX III

LIST OF PRESENTED REPORTS

Task and Title

1-1 Seismic Upgrading
Desing Final Report

Report No.

82K-EC-0001

1-3 Systems Required During and SES-92-0399
After a Safe Shutdown
Earhtquake

1-4, Equipment Anchorage
1-5 Walkdown and Upgrade

Prioritization

SMT/92/401

1-2,
2-1

1-2,
2-1

2-2

2-3

2-4

Seismic Upgrading of
Pumphouse

Seismic Upgrading of
Diesel Generator
Building

Equipment Anchorage
Upgrades

Evaluation of Turbine
Building Capacity

Evaluation of Liquefaction
Potential of Sands

•

- . -

SMT/92/482

WANO Ref.

KW/8/HB/01/D41/GN

KW/8/HB/02/D151/GN

KW/8/HB/03/D/41/GN
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Sofia, Bulgaria

16-20 November 1992

International Atomic Energy Agency

•*&l



PROJECT: BUL/9/012-19

26

APPENDIX IV

SIAZ SYSTEM: COMMENTS ON THE PROPOSED CRITERIA
FOR THE AUTOMATICAL SHUTDOWN OF THE PLANT

AND THE POST-EARTHQUAKE INSPECTIONS

A summary report about the criteria and functioning of SIAZ System (Seismic
instrumentation for the automatic shutdown of the plant) prepared by Mr. S. Satchansky
was reviewed and commented by Prof. H. Shibata.

It was considered that the existence of SIAZ System is an important component of
the plant safety during and after the occurrence of a SL-2 level earthquake. Various levels
of triggering of the nuclear power plant systems are useful in order to check and to ensure
their safety, and to reduce the duration of inspections activities for restarting after the event
occurrence. Such a project may also help to make their upgrading procedure more
effective.

The maintenance of the system is significant in order to get a good result, and the
management of the system is a key of utilizing it. Planning and procedures of the post-
earthquake inspections must be established as soon as possible, and the procedures of
earthquake safety margin analyses must be prepared for each unit including data processing
procedures. For these works, an advisory committee may be established. The proposed
criteria is an appropriate basis to define those procedures.
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CLOSING MEETING
20 November 1992

Sofia, Bulgaria
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International Atomic Energy Agency



28

PROJECT: BUL/9/012-19

APPENDIX V

CLOSING MEETING

The Closing Meeting took place at 12:00 on 20 November 1992 at the National
Electricity Company (NEC) with participation of the IAEA staff members, Vice President
of NEC, Director of Kozloduy NPP, as well as other representatives from NEC, CE,
CPUAE, Energoprojekt, the Consortium WESI/EA and Geophysical Institute.

After opening remarks, A. Giirpinar summarized the objectives and the main
conclusions and recommendations of the mission which all participants appreciated.

Mr. Kusmanov pointed out that the seismic upgrades required a lot of efforts and
resources and that they were committed to implement these upgrades in a high degree.
For Unit 2 it was said that approximately 70% of the fixes would be executed before the
starting of the unit, foreseen for the near future. The fixes (Tasks 1-1 and 2-2 of the TOR)
for Units 2 and 1 would proceed in accordance with the Consortium (WESI\EA) design,
while for Units 3 and 4 the EQE design would be used. Although they are presently
working with two engineering firms (WESI/EA and EQE respectively) for the design of
seismic upgrading corresponding to Phases 1 and 2 (as defined by the TOR), they will work
with only one firm in the future for the remainder phases and tasks to avoid duplication
and possible interference and/or controversies.

Mr. Boiadjiev informed that they were preparing a complete programme of about
five years duration prompted to achieve a full seismic upgrading, including the primary and
secondary sides.

A question was raised by Mr. Kusmanov in relation to the local seismological
network, which contract for execution was almost ready for signature between the Bulgarian
organizations involved. The IAEA staff member summarized again the remarks which were
previously given in this regard. It was concluded that the proposal prepared by the
Geophysical Institute is not appropriate to the project requirements and priorities in its
present form. Modifications necessary for its reconsideration have already been reported to
and discussed with all parties concerned.

Finally, Mr. Naniov from CPUAE summarized the achievements of the TC project
during the last two years with the completion of the site investigations conducting to the
definition of the new seismic parameters, the establishment of the technical specifications
for the design of the seismic upgrading and the correspondent follow-up and advisory
activities in this matter. The planning of IAEA TC experts' activities for the year 1993
should reflect the finalization of this project for Kozloduy NPP and it is recommended to
include tasks connected to the Belene site. The IAEA staff members agreed to consider
this recommendation in the mentioned planning.

j Ï
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IMPLEMENTATION SCHEDULE FOR UNIT 2

TASK 1-1 AND 2-2 OF ITEM HB

1

S

(u

BUILDING

Diesel

Di«sel

Diesel

Electrical

Electrical

Electrical

ELEV.

4.2

0.0

4.0

0.0

0.0

9.6

DESCRIPTION '

Fuel Day Tanks

Fuel Diesel Tank

Diesel Generator
Control Panels

Transformers

Electrical cabinets

23BH
24EH,4PE2.3PB2

Electrical cabinets

28BH
29BH,Tn4.Tn3.mnT-E

TASK

l-l

1-1

1-1

1-1

1-1

1-1

DRAWING No

29-37683

29-37690

29-37680

29-37681

29-37682

29-37682

ALREADY
INSTALL.

(Y/N)

Y

N

N

N

Y
N

Y
H

FORECAST
COMPLET.
DATE

-

LATER

LATER

20 Nov

18 Nov

LATER

17 Nov
LATER

BEFORE
STARTING
(Y/N)

Y

N

N

Y

Y
N

Y
N

NOTES

m
(1)

(2)

(3)

(3)

22
V> Pi
T. Z

ill
PS

3
S PS
Sez
H



No

7

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

BUILDING

Reactor

Reactor
t

Reactor

Reactor

Diesel

Reactor

Reactor

Reactor

Reactor

Reactor

ELEV.

-9.0

-9.0

-9.0

-9.0

0.0

-9.0

-9.0

-2.85

-2.85

-1.8

DESCRIPTION

Suction from EWT
for HPSI

Sump Drain line

Suction from EWT
for Primary Pill
System

Miscellaneous sup.

( Unit 1 only )

Frame for diesel
auxiliaries

Spray line outside
confinement

Support for cont.
boxes of MOV and
cable trays

Steam Generator
Blow Down piping

B-D Filter Tank

Spray lines ÏC

TASK

2-2

2-2

2-2

2-2

2-2

2-2

2-2

2-2

2-2

2-2

DRAWING No

29-37698

29-37699

29-37700

25-37701

29-37703

29-37704

29-37705

29-37706

29-37707

29-37708

ALREADY
INSTALL.

(Y/N)

N

N

N

N

N

N

N

N

N

M '

FORECAST
COMPLET.
DATE

21 Nov

21 Nov

21 Nov

21 Nov

30 Nov

21 Nov

21 Nov

21 Nov

21 Nov

21 Nov

BEFORE
STARTING
(Y/N)

' Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

NOTES
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No

18.

19.

20'.

BUILDING

Reactor

Misc.

Turbine

ELEV.

-1.8

6.0

DESCRIPTION

HPSI lines IC

Electrical cabinets

Decay Heat Exchang.

TASK

2-2

2-2

2-2

DRAWING No

29-37709

29-37710

29-37689

ALREADY
INSTALL.

(Y/N)

N

N •

K

FORECAST
COMPLET.
DATE

21 Nov

30 Nov

IS Dec

BEFORE•
STARTING
(Y/N)

•Y

Y

N

NOTES

(4)

NOTES :
îl) The upgrades in the diesel building will be implemented during next outage, because the back

fitting of the diesel building itself will interfere with the proposed changes.
In addition the upgrades can only be carried out whe^the mobile diesel generator will be
available.

(2) Only the transformer 63T will be upgraded during this outage.
Th* transformer 64T is already energised and will be upgraded during next outage

;3) The electrical cabinets which are already energised will be upgraded during next outage.
'.A) The Decay Heat Exchangers are in operation during the start-up phase and are not acceslble.

The seismic upgrading will take place during the normal operation of the plant {15 Dec).
when the heat exchangers are no longer ..usef

j
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A P P E N D I X VII

TASKS M AND 2-2: TABLES

- Table 1-1 • List of equipment with low seismic capacity, Task 1-1
- Table 2-1 - Low seismic capacity mechanical equipment
- Table 3-1 - Low seismic capacity electrical equipment
- Table 3-2 - Low seismic capacity instrumentation equipment

Sofia, Bulgaria

16-20 November 1992

International Atomic Energy Agency
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Table 2-1
LIST OF LOW CAPACITY MECHANICAL EQUIPMENT IN UNITS 1 AND 2

.A

i f

X

V

V

NUM

1.14

1.31

2.1 •

2.5

3.1/3.2

3.5/6/7

6.5

6.6 •

6.7

7.1/2

9.3

9.5

10.2

10.3

13.3

14.3

17.5

18.1

19.5

19.5

19.5

21.4

21.7

21.8

21.12

EQUIPMENT

Pressurizer Supports

RCS Auxiliary Piping

'jressurizer Sempell Valves

PressurizèrRelief Tank

Regenerative and Letdown HX

on Exchanger

Spent Fuer Pit-Associated Piping

EW Tank/Sump Drain Line

Suction Piping at Bottom of EWT

Demlneralized Water Tank

RCP Cooling -Surge Tank

RCP Cooling Associated Piping

Gravity Feed Tank

Decay Heat Removal HX

HPSI Piping Associated

Spray System Piping Associated

Pilot Valv. for Main Steam Relief Valv.

Deaerator

Slowdown Filter Tanks

Blowdown HXs

Slowdown Separator Tanks

Support Frame for Diesel Auxiliaries

Diesel Engine Exhaust

Diesel Fuel Oil Tank - 40 ma

Fuel Oil Day Tanks

LOCATION/ROOM

A101

A002

A308

A308

A206

A207

B110/B214

E004

5002

Yard

A209/1

A108/A102

3401

Turbine Bldg

A0Q2/6002

A002/E002

3401

Turbine Bldg

Diesel Bldg

Diesel Bldg

Diesel Bldg

Diesel Bldg

PRIORITY

1/2

1

1

1

1

-

2

1

1

2

1

-

2

2
1

r
1

1/2

2

2

2

1

1

1/2

1

NOTES

d).(19)

(2)

0)
(3)

(4)

(5)

(6)

(7)

(8)

(6)

(18)

(9)

(6) (19)

(10)

01)
(12)

(13)

(14)

(15)

(15)

(15)

(16)

( " )

(17)

(20)
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Notes for Table 2-1

(1} The concern is the anchorage of the liner plates to the structural walls. Detailed verification
of primary components by analysis to the new RLE is included in Phase 3 of the TOR. No
action deemed practical at this point in time.

(2) Two upgrade concepts have been developed. One for injection lines inside Confinement (IC):
page A-3, A-4, and one for miscellaneous lines IC which are not laterally supported and could
fall off'theirsupRprt: page A-16.

(3) Action from NPP Kozloduy Is required. Deficiency Is described in Reid Change Requestform.

(4) The regenerative HX and the letdown HX are one unique equipment in room A206. The snub-
bers as designed in Unit 3 and 4 should also be installed in Unit 1 and 2. Alternatively rigid
sway struts can be used if properly oriented. Action from NPP Kozioduy is required. See Field
Change Requestform.

(5) Ion exchangers in room A207 stand on four legs. The anchor bolts are missing, but the legs
are welded onto the plate covering the slab.

As a consequence the ion exchanger anchorage Is reraled to medium instead of low seismic
capacity and no action is required as part of Task 2-2.

(6) Priority 2 upgradings are not part of Task 2-2 scope.

(7) A new support Is designed to protect bellow of sump drain line against excessive seismic
loads. See page A-7.

(8} Existing support will be upgraded as shown on page A-13.

(9} Lugs have been welded on existing deadweight support preventing lateral movement of pip-
ing part of Intermediate Circuit.

As a consequence this piping is rerated to medium instead of low and is screened out of the
Task 2-2 scope.

(10; Although the Decay Heat Removal HXs were priority 2, a concept was developed as part of
Task 1-1 (Ref. 2). A design drawing will be prepared as part of Task 2-2.

(111 The concept shown on pages A-3 and A-4 applies for tC (room A002).

In room 6002 the two headers taking suction from EW tank need to be better supported. See
concept in page A-12.



(12) The concept shown on pages A-5/A-6 applies for IC room (A002).

In room 6002 the three existing supports attached to the steel platform are to be upgrades
as shown on pages A-10/A-11.

In Unit 1 this upgrading is not required since at least two supports arc providing horlzonta
restraint to the piping between HXs and spray pumps.

Also the connections of the steel platform on the EWT wail will be improved and additions
reinforç.e.ments^will be added as shown on pages A-8/A-9.

(13) In Unit 2 the little steel structure supporting the pilot valves as well as the platform on whitf
the valve structure is lying have been backfitted and can now be rated as medium or high
It is assumed that the same backfitting will take place in Unit 1 and as a consequence we
screen out this equipment from Task 2-2 scope.

(14) The connections of the Oeaerator support frames to the steel structures have been improvec
by filling the gaps with welding material.

The next weak link is the center support bolting which is the load path for the horizontal shea
and overturning tension load from the Deaerator.

Since EQE has developed a concept for Unit 3 and 4 to Improve this weak Unk as well as tc
provide lateral end bracing, we recommend that the same concept be applied in Unit 1 anc
2.

(15) There is a discrepancy between as-built situation and flow diagram of Task 1-3. •

The main difference Is that the 6 valves C5-2 are not motor operated but fnanualty operated
The upgrading consists in bracing the filtertank(PniT) and In adding new supports to protecr
and ensure accessibility of the blowdown lines up to the Isolation valves. See pages A-22
A-23, A-24, and A-25.

(16) The upgrade concept for this support frame is shown on pages A-17 to A-21.

There are 2 diesel engines per unit and 2 diesel engines as reserve for both units. We recom-
mend to upgrade at this moment as minimum the two frames corresponding to the Unît i
diesels.

The four remaining frames would then be upgraded during Unit 1 backfitting period. Unit 1
startup is foreseen in February 1993 according to NPP Kozloduy responsables.
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(17) Although an upgrade concept has been developed for the Diesel Engine Exhaust and a de-
tailed design drawing for the Diesel Fuel Oil Tank, we recommend not to implement these op-
grades now since it appears that the diesel building backfitting will interfere with the proposed
equipment changes. The brick wall close to the diesel tank, and in which is anchored the plat-
form supporting the exchaust pipe will most probably be reinforced or replaced.

' In addition the diesel fuel oil tank "Low" rating was based on the fact that the tank was though
to be unreinforced and unanchored (see Ref. 1 report).

The last walkdpwji has shown that the tank walls are reinforced on the Inside by means of
welded sliffeners"and that the tank is welded on four transversal channel beams partially em-
bedded in grouting which provide some positive anchorage.

Ai-

.}

1 ( 1 <

1 \ ll •'

I I 1 '

! ; ; Î

1 1

] 1
l' 1

—, —.7
SECTION A-

Putting a "hold" on these upgrades has little impact on the global safety of the plant since the
diesel building Itself appears to be very woak.

(18) The surge tank of the intermediate circuit in Unit 11s a cylindrical thin wall, lying on channel
beams, without anchdrage.

The approximate dimensions are .
height: 3 m
diameter: 3.5 m
wall thickness: 4 mm

The mode of failure of this tank Is the wall buckling and rupture of the attached pipe.

Additional studies will be made, based on the new RLE to verify if the tank needs to be up-
graded.

(19) Floor Response Spectra for the RLE need to be used for a realistic upgrade design.

(20) Covered in Task 1 - 1 .
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Table 3-1
LIST OF LOW CAPACITY ELECTRICAL EQUIPMENT IN UNITS 1 AND 2

<

».

to

>

NUM

E0.3

E0.4

E0.5

E0.6

E0.7

E0.9

E0.11

E0.12

E0.13

E0.14

E0.16

E0.17

E0.18

Ê0.19

EQUIPMENT

Transformer 6KV - 400 V

0.4KV Bus Bar/Breakers - Cat. II

0.4KV Bus Bar/Breakers - Cat. II

TnyristcV- '*r

0.4KVBusBarCat. I

220 Volt D.C. Bus Bar/Breakers

220 V Distribution Panel to Valves (Vi-
tal DC Power)

D.G- Load Sequencing Panel

Motor Control Centers (Safety Ret.)

Safety Related Power uaDies
Including Cable Trays

Diesel Generator Motor Control Panel

Diesel Generator Control Panel

Diesel Generator Alarm Panel

Diesel Generator D.C. Panel (3x)

LOCATION/ROOM

Electr. Bldg

Electr. Bldg

Electr. BWg

Electr. Bldg

Electr. Bldg .

Electr. Bldg

Electr. Bldg

Electr.

Various

Various

Diesel Bldg

Diesel Bldg

Diesel Btdg -

Diesel Bldg

Note
(1 ) Detailed design was provided as part of Task 1 -1 Ref. 2.

PRIORITY

1

1

1

1
1

T

1

1

1/2

1/9

1

1

1

1

-

NOTES

(*}

0)
0)
(1}

0)
(1)

(D

(D
0)
<1>

(1)
0)
0)
0)
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Table 3-2
LIST OF LOW CAPACITY INSTRUMENTATION EQUIPMENT IN UNITS 1 AND 2

NUM EQUIPMENT

2410-oH(1,2)MCC

2901-<TH(1) MCC

2902-CfH(2) MCC

2201-aH(2)MCC

2204-oH(1,3,7) MCC

230,1-OH(2,,3) MCC

23O3-CH(1,2,3) MCC

2311-cfH(1,S,2,3,4)

LOCATION/ROOM

B304

5501

B002/2

B304

*501

B202

6002/2

501

PRIORITY

1

1

1

1

1 -

1

1

1

NOTES

(?)
(2)

0)
(2)

(D
d)
(2)

(2)
Notes
(1) Upgrade design will be as per drawing N° 29-37682 (WANO Réf. KW/8/HB/03/DN/41/DD)

of Task 1-1 (Ref. 2)
(2) See conceptual sketch on page A-1. New upgrade design is being prepared.


