
ES Ifoo

"SEISMIC AND ENVIRONMENTAL QUALIFICATION OF
CLASS IE EQUIPMENT MANUFACTURED IN SPAIN "

P . GERINI, A. LUMBRERAS, F. NAREDO

WESTINGHOUSE NUCLEAR ESPAÑOLA

MADRID. - SPAIN

A paper to be presented at the IAEA Specialists Meeting
in Madrid, October 77, on the subject of "Effect of Regu
latory Requirements on the Instrumentation and Control
of Nuclear Power Plants".



r

1.- Introduction

Nuclear power plant instrumentation and control
design is affected by several factors such as various
plant operating conditions, transient response capabi-
lity/ safety requirements and changes in IEEE standards.
Recent upgraded IEEE Standards that call for Qualification
of all Safety related I&C equipment, namely IEEE 323
(Qualifying Class IE Electric Equipment for Nuclear Power
Generating Stations) and its daughter Standard IEEE 344
(Recommended Practices for Seismic Qualification of Class
IE Equipment for Nuclear Power Generating Stations) have
been endorsed" by the United States Nuclear Regulatory
Commission through the issuance of corresponding Reg.
Guides.

This paper describes the Qualification requirements
applicable to the Class IE I&C Components made in Spain
for the different vintages of plants, and the programs
implemented or plans established by Westinghouse to
fulfill those requirements.

2.- Nuclear Steam Supply System Class IE I&C Components

in the' Spanish scope.

The Nuclear Power Plants in Spain for whose Nuclear
Steam Supply Systems Westinghouse has been awarded
contracts can be classified in three categories:

a) Operating Plants (Zorita, in operation since 1968)

b) Plants in advanced state- of construction,

c} Plants being designed now.

Plants in category b) correspond to the so called
"1971 - vintage" of plants, and plants in category c)
belong to the "1975 - vintage".
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The 1971 - vintage plants must comply with the 1971
version of both qualification Standards, IEEE 323
(Environmental) and IEEE 344 (Seismic), while IEEE 323-
1974 and-IEEE 344-1975 apply to the 1975 - vintage plants

For all plants the following Class IE Components
have been or are being manufactured in Spain:

1.- Nuclear Instrumentation System Console (NIS)

2.- Solid State Protection System Trains (SSPS)

3.- Safeguard Test Cabinets (STC)

4.- Reactor Trip Switchgear (RTS)

5.- Vital Instrumentation Power Supplies (Inverters)

For both categories of plants the supplier of items
1,2 and 3 (Nuclear Instrumentation System Console, Solid
State Protection System and Safeguards Test Cabinets) is
the Westinghouse Nuclear Instrumentation and Control
Department, of Hunt Valley, Maryland (WNICD). The manu-
facturing, assembly and testing of these systems are
performed under agreement by Westinghouse S.A. in Vallado
lid, Spain, as described below.

Items 4 and 5 are supplied by Westinghouse S.A.
The Reactor Trip Switchgear is manufactured, assembled and
tested at the W Cordoba plant, under agreement with the W
Low Voltage Switchgear Division (WLVSD) of East Pittsburgh,
Pennsylvania. The Vital'Instrumentation Power Supplies
are designed, manufactured and tested by Westinghouse
SA at Valladolid, Spain, as explained below.

3.- Class IE i&C Components for 1971 - vintage plants..

The WNICD Systems (Nuclear Instrumentation System
Console, Solid State Protection System Trains and
Safeguards Test Cabinets) are built to the original
design prints by Westinghouse S.A. in Spain, utilizing
US components, to ensure the final product is identical
to the original prototype that was tested and qualified
by Westinghouse in the United States to the Nuclear
Regulatory Commissio.n's requirements. The steelwork for
the cabinets is done by Westinghouse S.A. using metric
metalsheet gauges which represent a conservative design
over the original American gauge design.
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In the case of the Nuclear Instrumentation System
Console the original US 19-inch AMCO rack is usad

The same approach has been used for the Reactor
Trip Switchgear, made at the Westinghouse S.A. Cordoba
Factory. The Reactor Trip Breakers and other electrical
components are provided by WLVSD and the steelwork.is
made in Spain, where all assembly and test operations
take place.

The Vital Instrumentation Power Supplies, also
known as Vital Inverters, are supplied by Westinghouse
SA, based on an original Westinghouse US design, but ?sing
European and Spanish components extensively. This means
departures from the original US prototype, that justify,
an independent qualification program. This program is
described in detail below, as undertaken by Westinghouse
Nuclear Española in cooperation with Westinghouse SA.

All of these Class IE components are manufactured
under a Quality Assurance System that is based in the
Quality Assurance Program' of Westinghouse NICD, and
meets the requirements of 10CFR50 App.B. Other components
manufactured under this system, though they are not
Class IE, include the following;

- Rod Control System

- Rod Position Indication System

- In-Core Instrumentation Console

- BOP Inverters (When in W scope of supply)

Qualification of the Vital Inverters for the
lã?! - vintage plants.
Requirements

As it has been said above, the 1971 - vintage plants,
of which the only Class IEI&C Spanish components not covere
by US prototype tests were the Vital Inverters, are bound
to comply with the requirements of IEEE 323-71 and IEEE-
344-71. For all practical purposes, these requirements
as applicable to the Vital Inverters, result in Seismic
Qualification Tests of the 1971 type (single axis, single
frequency excitation of the test table, etc.).

At the time the prototype unit was available and
ready to undergo the qualification, the new Standard
IEEE 344-75 had been issued. Though this Standard was
not applicable from a regulatory standpoint nor from
a contractual point of view, it was decided to perform
the qualification program per these latest criteria
(biaxial, multifrecuency testing). The tests were
performed in the first quarter of 1977, at the Westing-
house Advanced Energy Systems Div. Laboratory in
Large, Pa, following the methodology developed in PWRSD.
Pitt., WCAP - 8695 (Ref. 6).
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4.2 Equipment tested

The four Vital Inverters in a plant supply 118 VAC,
50 Hz power to vi tal instrumentation and control equip-
ment that affects plant safety. Their output power is
7.5 KVA nominal. The inverter input power is derived
from a 3-phase 380V or 480V, 50 Hz source; but a 125
VDC battery source will assume the load without inter-
ruption, if a loss of AC voltage makes i t necessary,

4.3 Electrical portion of the test

During the tests the inverter was supplied power
from a 3-phase, 380 VAC/ 50 Hz generator. The output
was loaded-with a 6.5 KW resistive load which represent-
ed 85% of the rated capacity, that is, the approx. load
during normal and accident conditions. The presence of
a continuous 118 VAC ¿ 2% output voltage both during
and after the tests was the basis for verifying the
functional operation of the unit. In addition to the
output voltage, the output current, output frequency and
harmonic distortion were constantly monitored during and
after the tests.

4.4 Structural part of the tests

The tests were conducted in two series. First the
prototype was subject to a sine sweep or resonant fre-
quency search, from 0 to 50 Hz and back again from 50
Hz to 0 Hz, at a sweep rate of 1 octave per minute.
The amplitude of the sweep was 0.2 g along the axis of
the control accelerometer over the entire frequency
range. No failures or resonances of consequence took
place. Then a full IEEE 344-1975 biaxial multifrequency
test (simulation of 5 Operational Basis Earthquakes fol-
lowed by 4 Safe Shutdown Earthquakes, with 90° rotations
in-between) was performed. The levels of excitation used
corresponded with the envelope of the Required Response
Spectra for the six plants. The qualification was aimed
a t : Almaraz I and I I , Lemóniz I and I I , Asc6 I and I I .

There was no loss of function during
this test, and the equipment became thus qualified for
the intended application. Twenty four units have now
been supplied for these six Nuclear Power Plants, a l l
classified as Low Seismic (Ground acceleration below
0.2 g for SSE).

Once the f i rs t series of tests were run, i t
^!-? ef^d e d

1
t O ? u a l i f y the equipment for much higher

excitation levels, for future applications. First,
a computer structural analysis was conducted to study
the inverter behaviour at levels more than twice
higher than the maximum Spanish levels. This analysis
revealed marginally stressed supports at the t rans-
i d o " J5**' \ t r i a l r u n w a s Performed that confirmed
these analysis, whereby the input transformer base channel
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was deformed and led to a structural failure. These
results were used to redesign the inverter base for
future applications. Once the pertinent modifications
to the structure were performed, a full series of tests
was successfully conducted at levels much higher than
the highest conceivable Spanish seismic requirements.

4.5 RRS used

Figure 1, shows the Required Response Spectra for the
location of the Vital Inverters in the Almaraz, Lemöniz
and AscÖ Nuclear Power Plants. The envelope of those
was used for equipment qualification. Series A curve
was used as a basis for increasing the test levels.

4.6 The laboratory facilities and test set-up

The equipment used at the W Advanced Energy Systems Div.
Laboratory to test the vital inverters is described in
Table 1, where its specifications are given.
Figura 2 shows the direction of excitation and test
configuration. The test article, in this case the inverter,
is sitting on the shake table at a 45° angle to the direc-
tion of the actuator moving the table. Four successive
Sa^e Shutdown Earthquake tests for each test level were
conducted rotating the equipment 90° in between. The ac-
tuator had a 35° angle (cpprox.) with the horizontal,
which yielded 1:1:1 actuation components on all three
axis of the equipment.

Figure 3 shows the basic components of the earthquake
simulator: Function generator, amplifiers, servovalve to
control the fluid to the hydraulic actuator, and actuator
driving shake table.

Earthquake are low frequency, large displacement earth
vibrations in the vertical as well as horizontal direction,
which are amplified by the buildings, acting as filters
with higher than unity gain at some frequencies..The fre-
quencies of interest for the simulation of the earthquake
are typically from 1 to 35 Hz. Hydraulic actuators are neces-
sary to adequately cover this frequency range, as opposed
to the electrodynamic vibrators used for higher frequencies
in the aerospace test programs.

As shown in figure 3, a control accelerometer on the shake
table was used to provide control feedback and to permit
the development of the shock spectrum or Test Response
Spectrum immediately after each test run by a Shock Spectrum
analyzer which memorizes the accelerometer.'s output during
the run. Comparing the Test Response Spectrum against the
Required Response Spectrum is the basis to evaluate the
adequacy of the function generator's settings and the valid-
ity of the test run.
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On a qualification test like the one described it is
very important to utilize a powerful data requisition
system to monitor the accelerations of different points
in the structure during the runs. In this case a total
of 26 acceleration measurement channels (including those
associated with the control of the table) were utilized
and their outputs recorded in chart paper for immediate
review and also on magnetic tape for future processing.
The magnetic tape recordings can prove very valuable if
for cost, design changes or unavailability reasons a
component is replaced during actual production of the
equipment once it has been qualified. The recording can
be used then to serve as an input to a component qual~
ification test that will simulate the accelerations that
it sees in the structure, thus eliminating the need for
a new full qualification of the entire unit again.

The set-up used to monitor the inverter, electrical
functions (output voltage, current, frequency and harmonic
distortion) is represented in Fig. 4.

In addition to the usual reporting of these kinds of tests,
videotapes or movies are becoming increasingly common as
a means of documenting the actual testing to the customers
and regulatory authorities.- In this case, a color video-
tape was made covering most of the tests. This videotape
will be viewed at some other time during this Meeting.

5.- Class IE I&C Components for 1975 - vintage plants

Historically, safety related electrical equipment has been
tested under the most severe environmental conditions
expected to occur in the event of the design basis accident.
This testing provides a high degree of confidence in safety
systems performance under the limiting environmental condi-
tions. However, in keeping with advancing art, qualification
criteria were revised in 1974 by revision of IEEE 323-1974
and by Reg. Guide 1.89 which endorses this IEEE Standard,
as well as by revision of IEEE 344-1975 and corresponding
Reg. Guide 1.100.

Westinghouse's equipment qualification program to meet these
new requirements is described in report WCAP-8587, and this
is the subject of a companion paper by W.R. Jordan.
As mentioned in point 2 of this paper, the same basic
Spanish content for the Class IE I&C Components will be
maintained for the 1975 - vintage plants.

The same scopes and sources of supply are also kept. The
approach will again be to build to the original US design
all items except the Vital Instrumentation Power Supplies.
Any deviations from the original structures or components
will be duly analyzed, justified and documented (change to
European gauges, metrication, etc.) In the case of the



Vital Inverters there is the plan to supplement the
Qualification Program described in this paper to meet
the intent of IEEE 323-75 and its additional requirements,
per WC&P-8587.
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TABLE 1

Westinghouse Advanced Energy Systems Division

Large, Pa. (US)

Biaxial Test Machine No. 2

Specifications t

Forces

Stroke;

Velocity;

Acceleration:

Table Sizes

Frequency Range:

22,000 lbs, force

20 inches peak to peak

100 inches/second

7 G maximum at 22,000 lbs. force

6 ft. x 6 ft.

DC to 500 Hz

Maximum Test Specimen Weight: 5,000 lbs. (approximate)

Horizontal/Vertical Ratio: With Triaxial Inputting

1 to .66 at 25° drive angle and 45°
position on table

1 to 1.0 at 35"drive angle and 45°
position on table

1 to 1.4 at 45°drive angle and 45°
position on table

With Biaxial Inputting

l.to .47 at 25° drive angle and 0°
position on table

1 to .7 at 35° drive angle and 0*
position on table

1 to 1.0 at 45° drive angle and 0°
position on table



• TEST RESPONSE SPECTRA

SERIES A/ Required response spectra'used as a basis for higher lev. tests

SERIES B/ Envelope of present Spanish plants: Almaraz-, Lemóniz & Asco".
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A/ Envelope of Asco Floor Response Spectra.

B/ Envelope of Lemöniz Floor Response Spectra.

C/ Envelope of Almaraz Floor Response Spectra.
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