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1. ABSTRACT
Belgian nuclear power amounts to about 6 000 MW, generated by seven plants that
started operation as early as 1967. The latest plant started in 1985. Some of these
plants were designed with no seismic requirements whatsoever. Even for those
that had seismic requirements at the design stage, seismic demand was raised after
design had been frozen (late during construction or at the 10 years revision). As a
consequence all the plants had to undergo , to a variable extent, a seismic
reevaluation and/or backfittings. Civil structures were concerned as well as
electro-mechanical equipment and piping systems.
The present paper deals with the mechanical aspect of the problem (equipment
and piping).
In order to minimize hardware modifications, advanced analytical techniques
were used throughout the process, starting with the elaboration of a site specific
spectrum, and using a full soil-structure interaction in order to get as "realistic" as
possible floor response spectra.
In some instances, non linear elasto-plastic time history analysis was performed on
piping.systems in order to qualify them without hardware modifications. In other
cases a "Load Coefficient Method" was used. Sometimes stresses or displacements
taken from the original stress reports and scaled by comparison of applicable
spectra, allowed to assess the seismic validity of the system under investigation.
Seismic acceptability of installed active equipment is more difficult to demonstrate,
as this is usually done by testing. This problem is a generic issue in the US,
identified under the label USI-A-46 (Unresolved Safety Issue). It is treated by a
group of Utilities (SQUG = Seismisc Qualification Utilities Group). The Belgian
Utility is member of that group since 1985. The application of this program is
starting in the US.

SQUG methodology has been applied to three Belgian plants starting in 1988 and
is now completed. The required fixes are being implemented. Experience gained
in the process has been applied to other Belgian units. General conclusions can be
drawn. They are presented in the paper. Among them is the necessity of
performing "seismic walkdowns" at regular intervals during the plant life in order
to restore the seismic adequacy of vital equipment possibly degraded by
"maintenance drift".
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Among the required seismic upgrades is the necessity, in a near future, to define
accurate measures to be taken in the case of occurence of an earthquake close to the
OBE level. It has become clear that the input for defining these actions is readily
available as a result of the SQUG walkdowns.

2. NUCLEAR POWER GENERATION IN BELGIUM
In the course of 1990, the various private electrical utilities of Belgium merged into
one company: Electrabel. It produces 98 % of the power consumed in Belgium. It
owns 7 nuclear plants located at two sites: the Tihange site with 3 units, and the
Doel site with 4 units (See Table 2.1 ). In conjunction with Electricite de France
(The French Utility) it owns also the Chooz-A plant, presently decommissioned.
Nuclear power represents more than 60 % of the kingdom's power. All the plants
are PWR's, with Westinghouse type NSSS (Westinghouse, Belgian, Framatome.
The Reactor Building of the Chooz-A plant is located in a cave, which makes it
unique. All other units have a double containment reactor building. The Doel 1-2
units have a metallic inner containment, wheras all other units have a prestressed"
concrete inner containment, with a metallic liner to assure leak tightness.

The author's company is the general consultant of Electrabel, and represents it in
several technical instances. It designed the Balance of Plant of all 8 units, in
conjunction with Electricite de France for Tihange 1 and Chooz-A.

The design of the older units began as far back as the early sixties (Chooz-A). The
most recent unit (Tihange 3) started commercial operation in July 1985. During
that period of time, seismic requirements were drastically upgraded.

3. CHOOZ-A PLANT (1 Unit)
3.1 Chooz-A Historical Background

Chooz-A nuclear power plant is located in the French Ardennes, just across the
French/Belgian boarder. Commissioned in 1967, it was one of the oldest PWR
plants operating in Europe. It has ceased power production on June 28, 1991 and
been decommissioned in November 1992.

The safety regulations required the plant to be reevaluated after each ten-year
period of operation against the then currently applicable safety rules.

The first reevaluation in the seventies resulted, among other backfit work, in the
implementation of hardware protection against primary pipe break inside
containment [Hernalsteen & Saint-Andre, 1978]. This is not the subjest of the
present paper.

One of the main concerns of the second decennial reevaluation has been the
seismic issue. The Safety Authorities requested the utility to check the adequacy of
the design for a SSE seismic event, using NRC Reg. Guide 1.60 Spectra and 0.1 g
Peak Ground Acceleration.

3.2 Performed Analyses and Results

Reactor coolant loop and auxiliary lines were reanalyzed and shown adequate with
no significant hardware changes. Details are given in [Detroux & Van Vyve, 1989]
and [Geraets & al., 1989].
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The main point to be considered was that the seismic event was a SSE type and no
OBE was considered. The use of classical methods would have led to a multipli-
cation of snubbers and supports. Overprotected against a low-probability of failure
risk (the seismic inertia effects), the plant would become very sensitive to the other
earthquake contribution (the seismic differential anchor motions). These effects
are known from historical records to have a real potential for failure, while no
verification would be requested against them as no explicit limitation is imposed
in the ASME Code to level-D secondary stresses. Methods and criteria had to be
adapted to avoid this undesired result.

4. TIHANGE Plant (3 Units)
4.1 Tihange Historical Background

The Tihange 1 Unit was designed and built between 1970 and 1975. The design
requirements for earthquake were OBE= 0.05 g, SSE= 0.10 g. Free field ground
response spectra were of Housner type. No special requirements were set by the
Regulating Authorities for the methods of qualification.

After 10 years of operation, the plant had to undergo a general safety reevaluation.
The experts of the ECC demanded that the SSE be raised to 0.17 g. OBE was left
unchanged. Seismic reevaluation was to be made after the existing US NRC rules
of 1985 (Standard Review Plan 3.7, IEEE 344.75, Applicable Regulatory Guides...).
Site specific spectra were generated as free field response spectra to reduce the
conservatism of the broadband R.G. 1.60 response spectra.

The Units 2 and 3 of the Tihange site were designed and built in the mid
seventies /early eighties, as can be seen from table 2.1. These units had as original
seismic requirements OBE= 0.05 g, SSE= 0.10 g with NRC RG. 1.60 free field ground
response spectra. Existing rules of US NRC (1974) were adopted for plant
qualification.

For these Units, the ECC experts imposed a SSE of 0.17 g late in the design stage.
As it was too late to incorporate this requirement in the design of the plant, it was
agreed with the Safety Authorities to proceed with the original design basis and to
perform a seismic verification later on with the upgraded seismic requirements.
The same site-specific spectra as for Unit 1 were chosen as free field ground spectra.

4.2 Areas of Concern for Unit 1

4.2.1 Civil Structures

Soil-Structure Interaction (Deconvolution/Reconvolution) was performed to
analyze the civil structures and to develop floor response spectra. Most of the
buildings could be justified by analysis. The electrical building, originally not
designed to seismic requirements, had to be reinforced. More details on this
reassessment are given in [Renard, 1993].

235



4.2.2 Piping and piping supports

4.2.2.1 Statement of the Problem

The original seismic design of piping systems required that only large pipes (i.e.
OD > 8 in.) be analysed for earthquake loads resulting from Housner-type spectra
normalised to 0.05 g (OBE) or 0.10 g (SSE). As a result, practically no lateral bracing
was installed on the plant piping systems, leaving them indeed very flexible.

The 1985-vintage seismic requirements were quite more severe: a SSE of 0.17 g
had to be considered, along with site specific spectra. OBE requirements were left to
the utility, who choose to keep the 0.05 g level, along with the site specific spectra.

4.2.2.2 Standard Approach and Conclusion

To evaluate the seismic adequacy of the piping systems of the Unit, a sample of
two representative piping systems were chosen:

The Containment Spray System because it runs at the highest elevation in the
plant;
The Safety Injection System, because it runs in most parts of the plant.
Linear standard analysis was performed according to the most recent

requirements [USNRC-SRP 3.7.1 & 3.7.2], using the seismic loadings defined above.
PVRC variable damping [ASME CC-N411] was used as a last resource trying to
qualify the piping.

The results showed some gross overstresses and unacceptable displacements,
disallowing to consider the piping systems to be qualified.

This is in contradiction with the seismic experience, which shows that even very
flexible piping systems can sustain severe earthquakes with little or no damage. It
was therefore decided to refine the analysis to reduce the undue conservatism
inherent to the standard linear methods.

4.2.2.3 Non Classical Approach

The analyses are described in detail in [Geraets & al., 1989]. As for the Chooz-A
plant, the secondary loading had to be treated explicitly, as ASME Code does not
provide criteria for these effects in Level D conditions. Analyses can be
summarized as follows : a non linear elasto-plastic time-history analysis was
performed on two systems (one 2" CVES line and one 32" carbon steel main steam
line) to verify inertia effects (See [Gerard & al., 1987]). Anchor motion effects were
checked on a more extensive sample of line, running from one building to
another. A specific problem (spray lines in the reactor building dome) was solved
using the pendular effect (see [Lafaille & al., 1989]).

4.2.2.4 Conclusion for Piping and Piping Supports

Original design provided only apparently weak resistance to earthquakes.
The Safety Reevaluation Requirements increased the seismic demand from 0.1 g
SSE level to 0.17 g SSE level, on top of more severe spectra and analysis methods.
This could have led to requiring extensive hardware modifications.

Use of non linear methods of analysis allowed to seismically qualify the piping
systems practically in their original design conditions. This reduced the safety of
the plant in no way, since flexibility is an important contributor to harmless
operation in normal circumstances.
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4.2.3 Electro-Mechanical Equipment

The equipment was justified by comparison to the behaviour of similar equipment
during real earthquakes. The procedure, common to all three units, is detailed
later in this paper.

4.2.4 Cable Trays

The Tihange Unit 1 cable trays were designed in 1973 for deadload only. Seismic
Reevaluation required to verify them for seismic loads.

A classical Response Spectrum Analysis led, even for very simple configurations,
to high loads and severe overstress relative to design codes allowable limits.

In contrast, real earthquake experience showed that cable trays have substantial
inherent seismic ruggedness, even if they are not designed to seismic criteria.

This has been ascertained in the «SQUG» (Seismic Qualification Utilities Group)
approach, as described below in the present paper. However, at the time the
problem had to be solved, «SQUG» method and criteria were not yet developed for
cable trays. A specific methodology was therefore developed for the Tihange 1 case;
Full details are given in [Lafaille & al., 1988].

Using the data base developed under the sponsorship of «SQUG», a set of simple
qualitative and quantitative criteria has been developed. These evaluation criteria
consisted in walkdown/screening criteria and in quantitative checks on
configurations selected during the walkdown.

The non-conformities that were identified gave rise to an in-depth analysis of the
problem or, in the insuperable cases, to local changes to the equipment.

4.2.5 Polar Crane

The Polar Crane is typically a non seismic component. However it needs to be
seismically qualified because in case of failure it can fall on Seismic Category I
structures and components.

Due to its design (hinged joints to follow the deformations of the supports when
in use), the polar crane was not able to sustain a 0,17 g earthquake.

The dynamic analysis of the polar crane was conducted with the classical modal
superposition'modal response method, using a 3D model. As a result of the
analysis, it was found necessary to fix the main beams of the crane to the
containment to couteract the large horizontal and vertical displacement induced
by the earthquake.

4.3 Areas of Concern for Units 2-3

4.3.1 Civil Structures

The same type of soil-structure interaction analysis as for Unit 1 was performed to
justify buildings and develop floor response spectra. Buildings were justified by the
analysis.
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4.3.2 Piping and Piping Supports

4.3.2.1. Unit 2

Seismic adequacy was verified by analysing an extensive sample of lines :
Reactor Coolant Loop and RTD (By Pass) lines;
Lines connected to the primary loop : drain and vent lines (2") safety
injection/residual heat removal (12");

- Main steam and feedwater lines down to isolation valves;
- Containment spray lines.

These lines were analysed with the new 0.17 g floor response spectra, using the
PVRC variable damping of ASME Code Case N411. Equations and criteria of
ASME Code were used (Section m - Article NB/NC 3600).

It is known from experience that the potentially most damaging factor for piping
from earthquake excitation is the differential anchor motion. This loading is
considered by the ASME Code as a secondary loading, not explicitly treated in case
of SSE, as the latter is classified as a Level D condition.

In the ASME Code, respecting the OBE allowables stress limits for secondary
stresses automatically limits the SSE secondary stresses to acceptables values as
long as the ratio OBE/SSE is not larger than 0.5. This being not the case here,
special limits were introduced in the analysis to guarantee that stresses induced by
anchor motion were monitored in case of SSE.

Besides the stress limits defined in the Code, the Design Specification sets other
limits such as valves accelerations, moments at equipment, etc... Reaction forces
and moments at supports had also to be verified.

It turned out that reactions at supports was the limiting effect. In several
instances, analysis had to be refined in order to take out some of the
overconservatism of simplified analysis. However all the analysed systems were
shown adequate without need for harware modifications.

4.3.2.2. Unit 3

As for Unit 2, an extensive sample was analysed :
- Reactor Coolant Loop (including Surge and RTD lines) and their supports;
- Main steam and feedwater lines;

Containment spray lines.
Analysis and criteria were similar to those used for Unit 2. The same conclusion

applied.

4.3.3 Electro-Mechanical Equipment

The equipment being qualified for a 0.10 g SSE, it is seismically rugged. The
upgrade to 0-17 g SSE was done by comparison to behaviour of similar equipment
during real earthquakes, as described later in this paper.

4.3.4 Cable Trays

Cable trays were designed for 0.10 g SSE by analysis. The conservatism in the
original analysis enabled to demonstrate by analysis the adequacy of the cable trays
under the more severe 0.17 g SSE.

However lessons learned from SQUG Data Base as well as from the Unit 1
walkdowns showed that problems could most likely arise from technological
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details such as anchorages, connections, deadweight overloading, etc... Therefore a
walkdown was conducted to detect such potential problems. Very few were found;
they were easily corrected.

4.4 Real Earthquake Experience Approach

4.4.1 SQUG Procedure

The following is a summary of the procedure proposed by SQUG to implement the
method. SQUG (Seismic Qualification Utilities Group) is a group of US and
European utilities that joined to solve the problem of seismic qualification of
active equipment.

4.4.1.1 List of Equipment to be Seismically justified.

SQUG has identified four functions to be assured to bring and keep the plant in a
safe condition. For added safety, each function must be secured by two
independant paths. For a PWR plant, they are:

Reactor coolant pressure control-
Reactor coolant inventory control;

- Decay heat removal;
- Reactor reactivity control.

Detailed procedures have been developed to establish the list of equipment
needed to assure the four functions, starting with fluid and instrumentation
diagrams and going down to the supporting systems, including power supply and
control equipment, needed by each active component.

4.4.1.2 Applicability of Data Base.

SQUG, through its consultants, developed an extensive data base describing the
characteristics and the behaviour under seismic excitation of various classes of
equipment. It took several years of effort of all parties involved (SQUG, its
consultants, SSRAP - a panel of five independant experts in field of seismic
engineering -, NRC) to convince themselves that the equipment in the US nuclear
plants was represented by the equipment in the data base. This resulted in a list of
series of requirements (the «caveat») peculiar to each class of equipment to be
respected when applying the data base conclusions.

4.4.1.3 Capacity versus Demand

SQUG approach is applicable only if the plant free field response spectrum is
enveloped by the «SQUG lower bound spectrum». This spectrum is based on the
spectra of the equipment in the data base. It defines a lower bound of the seismic
ruggedness of the equipment.

4.4.1.4 Plant Walkdown.

The SQUG approach includes a careful inspection of each individual item of
equipment to verify that the screening criteria are met on a case by case basis.

This walkdown must be done by a team (Seismic Review Team -+- SRT) of high-
level seismic experts, able to exercise engineering judgement to decide wether or
not the equipment being examined is acceptable. NRC has requested, and SQUG
has set up, a formal training program so that utilities can perform themselves
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these walkdowns. In its implementation procedure, SQUG defines the required
qualifications for the SRT members.

4.4.1.5 Outliers Resolution.

Not all the equipment will pass the walkdown criteria; those exceptions are called
the «outliers». Most of the time the causes for this are easy to overcome (add or
reinforce bracing or supports). Some «outliers» will be more difficult to resolve, for
example in the case of equipment peculiar to nuclear plants, not represented in the
data base.

4.4.1.6 Documentation and audit.

A justification package has to be assembled to document the work. The NRC
requests also to be given assurance about the quality of the execution of the whole
process.

4.5 Problems Specific to the Belgian Utilities

4.5.1 Early Start

By the end of 1987, most of the technical problems seemed reasonably solved. The
remaining problems either were of no concern to the Belgian utilities (US legal
aspects) or could be directly treated (adaptation of anchorage issue, training...). It
was therefore decided not to wait for the finalisation of the SQUG procedures and
start the program right away.

4.5.2 Belgian Safety Authorities requirements

4.5.2.1 Definition of «Safe Shutdown»

Safe Shutdown is not accurately defined in the SQUG procedures. The Belgian
Authorities accepted that the safe shutdown state be defined as any state between
hot and cold shutdown, whith RHR system operational, with or without
pressurizer bubble.

This led to include RHR equipment in de Safe Shutdown Equipment List (SSEL).

4.5.2.2 Concurrence of SSE and Design Basis Accident

The Belgian Safety Authorities requested to consider the occurrence of a SSE
within one month of a Design Basis Accident (LOCA or Steam Line Break). This
led to add to the SSEL (Safe Shutdown Equipment List) the supplemental systems.

4.5.2.3 Integrity of Pressure Boundary

Although formally not part of USI-A46, non-active equipment forming the
pressure boundary of the selected systems (E.g. valves, tanks...) was requested to be
included in the SSEL. This more than doubled the number of equipment in the
list. To mitigate the impact on the inspection time, «relaxed» criteria had to be
defined for this «passive» equipment: only the structural integrity was to be looked
at.

4.5.2.4 Prevention of Flood

A flood can be caused by the rupture of one or several tanks. It can impair the
function of needed electrical equipment. If the content is highly radioactive (such
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as for some liquid waste tanks) it can furthermore prevent access to parts of the
plant. As a consequence some 50 tanks were included in the SSEL even though
they had no safety function and were not directly interacting with safety equipment
(leak tightness of the concrete cannot be guaranteed after a tank would have
broken its anchorage) .

4.5.3 Applicability of the data base

As mentionned earlier, SQUG developed the data base with the main purpose to
apply it to the US plants. All reviews by SSRAP and NRC were performed within
that scope. As a consequence, the representativity of the data base could not be
garanteed for the Belgian equipment. Although preliminary cursory walkdowns
had indicated that Belgian equipment looked similar to the data base equipment,
this was potentially the most serious problem of the whole program.

To assess the similarity between Belgian and data base equipment, the opinion of
a recognized expert was asked: Dr. R.P. Kennedy. The reason for this choice was
that, as chairman of SSRAP, he had access to all the information leading to the
acceptance of the similarity between US and data base equipment. He was thus in
the best position to judge of the situation of the Belgian equipment. A walkdown
of a representative sample of the Tihange equipment was organised at the end of
November 1989. Dr. Kennedy was able to examine the equipment itself and, when
needed, drawings or other documentation.

The conclusions of his review were that the Belgian equipment was generally at
least as seismically rugged as the data base equipment. He mentioned a few cases
(Electrical cabinets) where it could not be the case and defined added caveat to be
met during the effective walkdown for this equipment.

4.5.4 Training Program

As mentioned above, SQUG was setting up a formal training program, in response
to a request from the NRC. The material of this training program was not available
when the Tihange walkdowns were due to start, so that a replacement program
had to be devised for the inspectors. Due to the high selection criteria for the
inspectors, the* training could be reduced to a minimum.
Each individual had the following experience:

University degree in mechanical or civil engineering;
At least 10 years experience in seismic design and analysis;
Participated in the design of Belgian nuclear plants;

- Participated in seismic qualification tests on shake tables;
Had followed courses on various fields of nuclear power plant design and
operation, such as Neutronics, Systems Engineering, Electrical Power Supply,
Control and Instrumentation. This was part of a general in house educational
program.

- Some had an elementary training on an analog plant simulator.

4.6 Implementation of the Method

4.6.1 Selection of equipment

The procedure proposed by SQUG was followed. However, one more function was
explicitly added on top of the four vital functions identified by SQUG: the integrity
of the pressure-barrier of the selected systems.
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The number of items on the SSEL amounted to about 1 500 for Unit 1 and 1 800
for each of Units 2 and 3. Operability was required for about 40 % of the items;
structural integrity was sufficient for the remaining 60 %. As mentioned before,
the requirement of pressure-barrier integrity added many non-active items to the
list.

4.6.2 Selection of relays

Relays used in Tihange are not included in the types for which SQUG has
qualification data (GERS).

Usage of relays is highly standardized in all three units. As a consequence, there
are no more than 15 different types of relays (including mountings) for the entire
Tihange site. For most of them, specific test qualification is available, including
cabinet amplification.

The relay functions are also centralised in special cabinets located in the «relay
room» in the electrical building. Electrical arrangements made it happen that very
few cabinets are free of seismically needed relays.

It was felt that the SQUG procedure to identify each individual relay was long and
tedious. The two above characteristics enabled to simplify it to a large extent. The
desired function allowed to easily define cabinets that were needed in case of
earthquake. It was decided that as soon as a cabinet contained one needed relay, the
whole cabinet would be seismically verified. This eliminated the need for
individual relay identification. The potential cost would be the possible
replacement of non-qualified relays by qualified ones, for functions not needed in
case of earthquake. As these components are cheap, this cost was judged acceptable.

4.6.3 Floor Response Spectra

As part of the general reevaluation process, floor response spectra were derived.
SQUG methodology distinguishes «conservative» and «realistic» spectra. The
ones that were developed could be considered as "realistic". A detailed discussion
of this point can be found in [Quivy, 1992] and [Renard, 1993].

4.6.4 Application of the Program to the Tihange Plant

4.6.4.1 Preparation

The experience of the Nine Mile Point trial walkdown showed the importance of
having a well organised documentation. Hence important efforts were devoted to
preparing and or analizing such a documentation file.

SQUG prepared a General Implementation Procedure (GIP) the intent of. which
was to define in detail how to perform the walkdowns. However procedure
documents adapted to the Tihange situation were set up. They settled the
unresolved question of the GIP, could serve as a «vademecum» to the inspectors
and were used to train further inspectors.

An important aspect in the walkdowns is the checking of anchorages. The
documents prepared by SQUG could not be used, as they related to US anchor bolts
and US practice. As a consequence a specific set of anchorage criteria and
calculation methods had to be defined. It was based on European bolt types,
manufacturer, in-house test results and Tihange practice [Lepiece & al., 1991].
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4.6.4.2 Organisation

In order to inspect equipment with restricted accessibility (Reactor building,
Electrical power, ...), walkdowns had to take place during normal refueling outages.
In Tihange, these outages are short (reactor building is accessible during 3 weeks)
and the utility needs all hands for refueling and maintenance operations: it wants
to get involved as little as possible with seismic inspections.

For mechanical equipment, three inspectors were available. To optimize their
work, a team of two spent one period (say one day) on the site actually performing
the inspection work (Looking at equipment, taking measurements, testing bolts,..).
The next period one of them stayed in the site office, finalizing the reports and
performing check analysis, while the other formed a team with the third one to
proceed with inspections. For the following periods, tasks assigment was permuted
among the inspectors.

A problem that looks trivial -but is not- is the localisation in the plant of the
items of the SSEL, as the inspectors were not familiar with the plant layout.
Various solutions were tried. The one that proved most successful was the prior
reconnaissance and marking: a technician very familiar with the plant layout
prepared the next day inspection by looking for and marking up (e.g. scotch label)
the equipment scheduled for inspection that next day. Efficiency was maximized by
using a different individual for mechanical and electrical equipment.

4.6.4.3. Certification of Quality

Belgian Safety Authorities followed the development of the SQUG program closely
since Belgium joined SQUG in 1985 (participated in meetings, reviewed
documents...). One representative participated on a quasi full-time basis in the
walkdowns as an observer.

As added garantee, they requested an audit by an independant expert.
Dr. R.P. Kennedy, SSRAP Chairman, was asked to do that audit. It was done on the
most difficult unit: Tihange 1 by the end of the refueling outage. His report stated
his concurrence with the work done by the inspectors and the conclusions they had
reached.

4.6.4.4 Minor / Major Outliers

Very early in the walkdown process it has become apparent that outliers could be
classified in groups: Minor outliers, Major outliers, Generic Outliers.

Minor outliers are those that necessitate simple fixes («Trivial») to pass the
SQUG screening criteria. The most common example of such fixes are
reinforcement of anchorages. Those fixes were defined soon after the walkdown
and were executed as availability of equipment allowed.

Major outliers are those that necessitate an engineered solution to make the
equipment acceptable. They were treated separately.

Generic Outliers originate from a common cause. Once that cause is suppressed a
series of outliers become acceptable at once. Examples of such generic outliers are
proximity to masonry walls or flexible mounting of electrical cabinets.

It should be emphasized that «Outlier» does not necessarily mean that the
equipment cannot be seismically qualified as is. In several instances equipment
was declared outlier only because of lack of enough documentation. Subsequent
search in documentation files enabled to accept the equipment.
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4.7 Results
As of July 1993, inspections are completed and minor outliers have been resolved.
Table 4.1 shows the results of the inspections. The main result is the amount of
components that were accepted without modifications:
- Unit 1: 1 459 items on the SSEL of which 881 accepted «as is» (60%);
- Unit 2: 1 793 items on the SSEL of which 1 392 accepted «as is» (78%);
- Unit 3: 1 743 items on the SSEL of which 1 473 accepted «as is» (85%).
The main reasons for outliers were:

Anchor bolts tightness problems;
Insufficient valve supports;
Inadequate transmitter mounting;
Interaction with masonry walls;
Insufficient stiffness of tank saddle;
Seismic demand > capacity;
Insufficient anchorage;
Excessive nozzle loads;
Inadequacy of concrete pad;
Not covered by Data Base (Primarily NSSS Equipment);
Interactions with surroundings.

It was also noted that equipment that was originally qualified had lost part of its
seismic capacity because of «maintenance drift». The most obvious example is the
absence on several relays of their holding clip, taken away or disengaged during
maintenance and not replaced.

5. DOEL Plant (4 Units)

5.1 Doel Historical Background

The Doel 1-2 Units had no seismic requirements at the design stage. After 10 years
of operation, in the scope of a general safety reassessment, the seismic experts of
the European Community Commission (ECC) required that the units be evaluated
for a SSE of 0.06 g. No OBE was required. Regulatory Guide 1.60 spectra were used
as free field ground response spectra.

Doel 3-4 had the same original seismic requirements as the Tihange 2-3 Units:
OBE= 0.05 g, SSE= 0.10 g with NRC R.G. 1.60 free field ground response spectra.
Existing rules of US NRC (1974) were also adopted for plant qualification.
Seismic requirements were left unchanged for these two units.

On top of seismic requirements, the Doel Plant is subjected to Airplane Crash and
Gas Cloud Explosion requirements, similarly to the Tihange Plant. They are treated
approximately the same way as the Seismic requirements.

5.2 Areas of Concern for Units 1-2

5.2.1 Background

For the Units 1 and 2 of the Doel Site (twin PWR, Westinghouse, 2x400MWe),
which started operating in 1975, the first safety reevaluation report identifies a list
of topics to be addressed in the 10-year revision of the plant. Two main conclusions
may be noted:
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the very specific design of Doel 1/2 (twin units sharing common auxiliaries)
makes modifications to existing systems difficult or even dangerous unless
both reactors are in cold shutdown condition;

- no modification should require a shutdown of a unit much longer than the
normal outage for refueling and maintenance.

Instead of trying to improve the existing systems, it has been decided, whenever
possible from a technical and economical standpoint, to add new systems to make
up for the weaknesses of the existing ones.

The connections to existing systems should take place during normal outages. In
particular, new emergency systems should be added to deal with new design
criteria (major external explosion, earthquake, high energy line break outside
containment, full loss of on site electrical power supplies, major fire in nuclear
auxiliary building or electrical building) or when the improvement of the existing
installations could result in operation or maintenance problems (physical
separation,...). Those new systems are located in a new emergency building.

New external hazards like the earthquake event cannot be taken over only-
through the duplication of emergency systems with qualified alternate systems.
Qualifying some parts of the existing hardware is also requested.

It must be kept in mind that DOEL 1/2 belongs to the pre-seismic era : at the
design stage, the seismicity of the area was assumed low enough to be neglected.
During the safety reevaluation, the earthquake hazard was reconsidered. Geologic
and seismotectonic studies allowed to determine an applicable earthquake level for
the site, and applicable seismic data for qualification of equipment, as follows :
- ground acceleration 0.058 g (SSE);
- generation of site specific ground response spectra;
- dynamic analysis of the safety-related buildings and generation of floor

response spectra.
Together with the new emergency systems, existing systems (cf.infra) were

required to be evaluated and requalified for the design earthquake.

5.2.2 Buildings

The analysis of the buildings emphasized a quite satisfactory situation: only minor
strengthenings were required.

5.2.3 Piping and Piping Supports

Again the problem of having to verify SSE only could cause unconservative design
as differential anchor motion should not have been verified by a blind application
of ASME rules.

The analysis was instead performed by a method based on the «load coefficients
Method» [Stevenson, 1987] modified by Geraets [Geraets & al., 1988 a & b].

An explicit verification of anchor motion was introduced. Furthermore, in order
to limit the extent of hardware modifications, analysis was performed assuming
failure of some supports. Failure of supports would be disallowed only if their
failure would result in a catastrophic collapse of the piping.
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The results may be summarized as follows:
out of a total of 1450 supports:

62 % were accepted "as is";
13 % were reset (spring hanger resetting, without marking-up of

drawings nor material supply);
12.5% had to undergo minor changes;
12 % had to undergo major changes
250 new supports were added.

The number of major changes is still important; however the abovementioned
figures include all support modifications (for seismic and any other reasons) .
The analysis is detailed in [Geraets, 1989].

5.2.4 Electro-Mechanical Equipment

A list of equipment to be qualified was set up by considering equipment needed to
cope with the earthquake, but also equipment the failure of which could impair
the integrity of needed equipment.

Experience from the mechanical and electrical equipment manufacturers and
comparison with similar equipment seismically qualified for the other units of the
site allowed to limit the hardware changes to a small number of fixes.

5.3 Areas of Concern for Units 3 and 4

As stated above, the seismic requirements were not modified for Units 3 and 4.
Some reevaluations were however performed.

Floor seismic response spectra were recalculated in 1992, taking into account
the latest soil properties and methodology.

- Experience of the Tihange walkdowns demonstrated that some fixes could be
needed even on «qualified» equipment. Consequently a limited walkdown
was performed on the plant most sensible equipment to detect these potential
defects. Very few were found; they were of minor importance.

6. DEFINITION OF EXCEEDANCE OF OBE LEVEL
New seismic regulations require to define accurate measures to be taken in case of
occurrence of an earthquake close to OBE level. Among them is the necessity to
define a set of representative equipment prior to the event and to inspect this
sample immediately after the event. The state of this sample will decide whether
the affected plant is allowed to continue operation or should be shutdown.

Obviously the SSEL is a perfect starting point for defining the equipment sample.
Furthermore the walkdown of the plant has provided a «picture» of the state of
the equipment before the event. The post event inspection can thus accurately
ascertain the possible damage due to the earthquake.

It is thus clear that the SQUG walkdowns ease very much the response to the new
regulations.
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7. Conclusions
7.1 Piping

Application of non standard methods of analysis enabled to qualify piping in all
the plants were seismic reassment was required.

For the Chooz-A and Doel 1 & 2 plants, where no seismic requirements existed at
the design stage, limited hardware reinforcements were needed. Standard methods
would have led to an important stiffening of the piping systems, possibly
impairing their normal operation.

For the Tihange 1 plant, where limited seismic requirements existed at the design
stage, a set of elaborated anlyses showed that the piping system was acceptable «as

The more recent units 2-3 of the Tihange Plant could be qualified by analysis for a
substantial increase of seismic demand (From SSE=0.1g to SSE=0.17g).

7.2 Electro-Mechanical Equipment

Inspections at the Tihange plant are now (July 1993) completed for all three Units,
minor outliers are resolved and major outliers are in the process of resolution.
A final conclusion can be drawn: no major problem has been encountered and the
three units will be verified for higher seismic demand at a cost much smaller than
would have been required by a traditional requalification. Furthermore neither
inspections nor outliers resolutions ever interacted with plant operation: all the
work was done either during refueling outages or during plant operation. This
confirms the cost-effectiveness of the approach.

Inspection results show that most of the problems originate from anchorage:
expansion bolts to be retightened, spacing of bolts or distance to edge... It stresses
the importance of that part of the inspection.

Probably the most important conclusion to be drawn is that most of the outliers
are not earthquake specific: they should be fixed even for a non seismic situation.
This shows the interest of such a walkdown by an expert mechanical team to
improve the safety and the reliability of the plant. As seismic ruggedness may
degrade due to «maintenance drift», such a walkdown should be repeated at
regular intervals.

Experience gained at Tihange enabled to perform a short cost effective inspection
at Units 2 & 3 of the Doel Plant. It showed no important problem.

Application to the older Units 1 & 2 of the Doel Plant is not foreseen in the near
future.
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Table 2.1 - Nuclear Power Plants in Belgium

Plant/Unit Power MW NSSS Vendor Nb of Loops Commercial
Operation

Chooz-A
Doell
Doel2
Doel3
Doel4
Tihange 1
Tihange 2
Tihange 3

320
400
400
900

1000
800
900

1000

Belgian
Belgian
Belgian
Framatome
Westinghouse
Belgian
Framatome
Westinghouse

4
2
2
3
3
3
3
3

1967
1972
1973
1983
1985
1975
1983
1985
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Table 4.1.a - Results of SQUG walkdown at Tihange -Unit 1 Plant

Class n°

0
1
2
3
4

5/6
7
8
9
10
11
12
14
15
16
17
18
19
20
21
22

Table 4.1 .b

Class n°

0
1
2
3
4

5/6
7
8
9
10
11
12
14
15
16
17
18
19
20
21
22

Equipment Class

Others
Mot. Contr. Centers
L. Volt. Switchgear
M. Volt. Switchgear
Transformers
Pumps
Fluid-Oper. Valves
Motor-Oper. Valves
Fans
Air Handlers
Chillers
Air Compressors
Distrib. Panels
Batteries
Battery Chargers
Engine generators
Instruments
Temperature sensors
Control Panels
Heat Exchangers
Manual Valves
Total

- Results of SQUG walkdown

Equipment Class

Others
Mot. Contr. Centers
L. Volt. Switchgear
M. Volt. Switchgear
Transformers
Pumps
Fluid-Oper. Valves
Motor-Oper. Valves
Fans
Air Handlers
Chillers
Air Compressors
Distrib. Panels
Batteries
Battery Chargers
Engine generators
Instruments
Temperature sensors
Control Panels
Heat Exchangers
Manual Valves
Total

Total

31
8

18
8

12
47

246
140
26
11

1
2

15
12
22

2
355
122
201
125
55

1459

at Tihange

Total

44
0

18
15
24
70

334
227
41

3
8
3

14
10
17
4

419
189
231
120

2
1793

Accepted

6
0

10
4
0

27
161
121
20
11
0
0
0
0
0
0

257
113

1
96
54

881
60%

-Unit 2 Plant

Accepted

32
0
4
9
7

67
289
214

37
3
8
3
5
3
3
4

358
189
55

100
2

1392
78%

Minor
Outliners

0
0
0
0
0
0

26
5
2
0
0
0
0
0
0
0

79
9
0
9
0

130

Minor
Outliners

0
0
0
0
0
0

10
6
0
0
0
0
0
0
0
0

55
0
1
9
0

81

Major
Outliners

23
8
6
0

12
20
59
14
4
0
1
2

15
12
20

2
13
0

186
17
0

414

Major
Outliners

12
0

13
6

14
3

35
7
4
0
0
0
9
7

12
0
4
0

175
11

0
312
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Table 4.1.c - Results of SQUG walkdown at Tihange -Unit 3 Plant

Class n°

0
1
2
3
4

5/6
7
8
9
10
11
12
14
15
16
17
18
19
20
21
22

Equipment Class

Others
Mot. Contr. Centers
L. Volt. Switchgear
M. Volt. Switchgear
Transformers
Pumps
Fluid-Oper. Valves
Motor-Oper. Valves
Fans
Air Handlers
Chillers
Air Compressors
Distrib. Panels
Batteries
Battery Chargers
Engine generators
Instruments
Temperature sensors
Control Panels
Heat Exchangers
Manual Valves
Total

Total

51
2

15
8

22
68

273
204
37

0
6
3

13
10
17
2

411
180
271
144

6
1743

Accepted

33
2
7
4

18
66

211
179
29
0
6
3

13
10
8
2

402
179
181
116

4
1473

85%

Minor
Outliners

0
0
5
1
4
2
0
0
0
0
0
0
0
0
8
0
8
0

83
2
0

113

Major
Outliners

18
0
3
3
0
0

62
25

8
0
0
0
0
0
1
0
0
1
7

26
2

156
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