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Abstract

EPRI has initiated a research program to assist U.S. utilities to address the seismie
qualification issues raised by the U.S. Nuclear Regulatory Commission's Unresolved Safety Issue
(USI) A-46. The four projects described in this paper are (1) Generic Ruggedness Test Data-—-use
existing seismic test data to derive generic equipment ruggedness spectra (GERS) for equipment
classes; (2) Anchorage Experience--assess the usefulness of earthquake experience data for generie
anchorage verification; (3) Anchorage Guidelines--develop practical guidelines for demonstrating
seismic adequacy of equipment anchorages; (4) Post-Earthquake Investigation--investigate future
earthquakes to augment the current earthquake data base. Overviews of other related EPRI
projects are also presented.
1. Introduction

The utility industry in the USA, through the Seismic Qualification Utilities Group (SQUG) has
accomplished a major stride toward the acceptance of the use of earthquake experience data as a
basis for demonstrating the seismic adequacy of equipment in nuclear plants.[1,2] It appears that
within limitations established by a third-party panel of experts [3,4], this approach is a technically
acceptable generic alternative to the traditional practice of seismic qualification by piece-by-piece
tests or analyses. Recognizing the great potential benefits of the experience-based generic
qualification approach, the Electric Power Research Institute (EPRI) has recently initiated a
research program with the main objective of providing utilities with additional data and methods to
allow wider application of this approach to equipment in operating plants.

2. Scope of EPRI Program

The pilot SQUG program covered eight classes of plant equipment [1,2], "Membership" in these
classes was subject to certain limitations on, for example, cut-out size in cabinets, weight-to-
overhang relationships for valves, ete. In addition to the membership rules, "proper anchorage" was
required for all equipment classes. Also, the data did not give information on the operability of
equipment during earthquake motion. This issue is particularly important for relays.

The EPRI research program intends to (1) extend the range of applicability of generic
qualification in terms of equipment classes, spectral levels, and operability and (2) provide a set of
consistent, realistic guidelines that can be used to verify the adequacy of equipment anchorages.

The program will address all equipment types identified by SQUG utilities as being required for safe
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shutdown during or after an earthquake. Table I indicates the eight types addressed in the pilot
SQUG program using earthquake data and shows the types addressed to date in two pilot EPRI
programs.

The anchorage guidelines are expected to be completed in 1985, whereas the evaluation of test
data will extend into 1986. The program will be closely coordinated with SQUG, NRC, and the same
third party panel of experts [4] with the aim of consensus resolution of the issue.

3. FEPRI Seismir Research Projects

The four EPRI projects to assist utilities in assessing the seismic adequacy of nuclear plant
equipment are described in this section.

3.1 Generic Ruggedness Test Data

The principal idea of this project is to derive generic equipment ruggedness by taking
advantage of the extensive amount of seismic test data generated over many years of qualification
in a manner similar to that used by SQUG. A pilot project to demonstrate the procedures for
colleetion and evaluation of the seismic test data has been completed.[6]

The pilot program found that a large amount of qualification data were available in test labs
and that proprietary issues could be handled by assigning code numbers to manufacturers and
models. The information collected included equipment description, test anchorage details, test
response spectra (TRS), and information on operability performance or structural damage, if any.

The generic equipment ruggedness spectrum (GERS) is defined as the response spectrum at the
base or support point for which equipment have been demonstrated on the basis of experience data
to have sufficient ruggedness to perform as required (i.e., operate during or after, or maintain
structural integrity). For each class, the TRS in the data base were reviewed for aggregation into a
"elub." For the purpose of aggregation, the TRS were standardized to a consistent damping value of
5%. The standardized TRS were then weighted according to the directions, type, and frequency
content of input motion. Ruggedness data for each club were used to construct a GERS, using
engineering judgment as a guide.

Each club has associated with it "inclusion rules" for membership. The inclusion rules define
the characteristies of the tested items for which the GERS is applicable (e.g., size, weight,
applicable industry codes, manufacturer and model, and aging).

The pilot study was able to derive preliminary GERS for five equipment types: batteries,
battery chargers, inverters, motor operators, and electrical penetration assemblies. These GERS
have amplitudes substantially greater than the required floor response spectra typical of Eastern
U.S. nuclear plants.[5] This points out the benefit of extending this approach to a wide range of
equipment types in the next phase of this work. This work will also provide checklists that could be
used in plant equipment inspections for seismic adequacy.

3.2 Anchorage Experience

Another EPRI project summarized anchorage performance information obtained during the
SQUG program (2] and surveyed anchorage performance at other California sites.[7] The purposes of
the compilation were to (1) assess the feasibility of utilizing the anchorage experience data to
derive generic conclusions regarding equipment anchorage adequacy, and (2) provide anchorage

performance data to serve as a benchmark for the analysis-based development of criteria deseribed
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in Section 3.3. Among the advantages of the earthquake experience approach are that it inherently
accounts for as-installed anchorage workmanship and takes credit for nonlinear effects that are
difficult to model analytically without introducing conservatisms.

New data on 150 equipment items belonging to the classes shown in Table I were collected
from three industrial sites in California subjected to the 1983 Coalinga and 1984 Morgan Hill
earthquakes. Existing summary data on hundreds of equipment items were also reviewed. Any
anchorage damage was described and evaluated in terms of relevance to nuclear plant anchorage
practice.

3.3 Anchorage Guidelines

The goal of this project is to develop practical procedures and guidelines for use by operating
plant owners to demonstrate the seismic adequacy of safety-related equipment anchorage in a cost-
effective and consistent manner. The intent is to develop simple, yet comprehensive, guidelines for
anchorage evaluation. All equipment types in Table I are being addressed.

Traditional static analysis methods are used to provide the basis for the equipment anchorage
guidelines. Both the analysis methods and fastener strength are verified with earthquake and test
data to ensure that realistic and not overly-conservative equipment anchorage capacities are
derived.

First, nuclear plants were surveyed to identify the characteristies of typical equipment and
anchorage types. A sampling of about 200 items in several plants in the USA showed the following
distribution of fastener types: expansion anchors - 63%, welded to embedded steel -~ 23%,
cast-in-place bolts - 12%, and others - 2%. For expansion anchors, over 100 test reports containing
over 1,000 pull-out data points were collected and studied to derive realistic fastener strength
criteria.

Each step in the analysis is reviewed to ensure realistic treatments of such aspects as
earthquake directional and modal response combination, static coefficient factor, and load
distribution. The combination of analysis methods and fastener strengths are benchmarked by the
anchorage information obtained from the Anchorage Experience and Ruggedness Test Data projects.
The anchorage experience provides real-world baseline data on anchorage success or damage with
known input motion and equipment weight and geometry. The siesmic test data provide information
on typical frequency ranges and how base loads are transmitted into equipment frames.

The end product of this project will have various forms depending on the equipment type and
inherent ruggedness of its anchorage. For equipment such as horizontal pumps, motors and diesels
with strong anchorages designed to withstand large operational loads, a short checklist calling for
quick observations of bolt size, configuration and quality of installation will suffice (i.e., typical
anchorages are more than adequate even for a severe SSE).

For equipment with less rugged anchorages such as equipment racks and cabinets, the checklist
will call not only for inspection of installation quality, but also for recording of measured
parameters like anchorage dimensions and edge distances. These will be used to enter one or more
screening tables, which will give a capacity for comparison with the seismic load.

[f an equipment has an unusual anchorage or missing bolts, field-measured parameters will
have to be returned to the office for entry into a computerized capacity caleculation procedure
provided by this project. Probably only a small percentage (<5%) of items will warrant use of these

calculations. A flow diagram will be provided to minimize field evaluation time.
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3.4 Post-Earthquake [nvestigation

Augmentation of the experience data base [2] by examining equipment performance in future
earthquakes is being planned by EPRL. A team of multi-disciplinary experts will investigate the
performance of industrial equipment in future earthquakes worldwide. This investigation will be
coordinated with other agencies and organizations such as Earthquake Engineering Research
[nstitute (EERI).

Past investigations have emphasized the collection of information on damage to structures
while noting only extraordinary occurrences of equipment failures, rather than successful
performance that might be used to demonstrate ruggedness of equipment. The EPRI-sponsored
investigation will cover industrial equipment and piping similar to nuclear plant components and
collect detailed information comparable to that contained in the SQUG data base. Equipment
performance during the earthquakes will also be investigated, to the extent possible, by scrutiny of
system performance.

EPRI plans to develop the post-earthquake investigation procedures in cooperation with
earthquake investigation experts and utilities. An industry workshop will be held to refine and
finalize the plans prior to implementations by late 1985.

4, Related EPRI Projects

The seismic test data collected in the equipment ruggedness project is being stored in the

Equipment Qualification Data Bank, administered by NUS Corporation under license to EPRI.[7] This
remotely accessible computer system contains several types of information in addition to seismiec
data: summary environmental data on electrical and mechanical equipment installed in U.S. plants,
thermal and radiation properties of non-metallic equipment subcomponents, and a manufacturers'
catalog of safety-grade equipment.

In another project, information on the effects of aging on the seismic performance of
equipment has been generated.[8] Over 30 types of components such as relays, meters,
transformers, switches, solenoids, and electronic parts have been subjected to shake-table tests in
both new and aged conditions (some artificially aged and others naturally aged in plants). Two series
of tests have shown that for almost all component types (relays and switches being apparent
exceptions), aging does not degrade seismic performance. Data from these tests are being used in
the generic equipment ruggedness study.

A recently completed EPRI sponsored study compiled the technical bases for cost effective
qualification of mechanical components in nuclear power plants.[9] Qualification data and
operability information compiled in that project will also be utilized by the ruggedness data project.

Several of the projects described in this paper form a segment of the wider-scope research of
the EPRI Seismic Center. Partly sponsored by a utility owners group, this center is focused on
technology useful for potential seismic re-evaluation of Eastern U.S. plants for earthquakes greater
than their design SSE. Such a re-evaluation could use the generic ruggedness levels discussed in this
paper for preliminary conservative estimates of equipment design margins. If plant inspections were
ineluded in the re-evaluation process, the equipment anchorage guidelines could be a part of a more
general inspection. In addition to the seismic qualification of equipment, issues such as seismicity,
earthquake hazard, structural amplification, and the response of piping and other structures are

being investigated in the research program of the EPRI Seismie Center.[10]
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TABLE 1

SAFE-SHUTDOWN EQUIPMENT TYPES

Equipment Types Program|2]

Ruggedness
Test
Program[6]

New

Anchorage
Data[7]

Mechanieal

Motor Operated Valves (MOV)
Air Operated Valves (AOV)
HVAC (fans, blowers, chillers)
Vertical Pumps and Motors
Horizontal Pumps and Motors
Turbine and Diesel Driven Pumps
Main Steam Isolation Valve
Pilot Operated S/RV

Spring Operated S/RV

NSSS Mechanical Equipment
PORV

Air Compressor

R

Electrical

Switchgear, Low Voltage, and Metal Clad X
Motor Control Center X
Batteries and Racks

Battery Chargers

Invertors

Transformers (unit substation type) X
Motor-Generator sets

Distribution panels-AC and DC

Diesel generator and associated equipment

Electrical penetration assemblies

Transformers (other than unit substation)

Automatic transfer switch

Instrumentation

Relays

Transmitters-pressure, flow, level
Switches-pressure, flow, level

RTDs and T/Cs

Control panel and associated components
Instruments and associated components
Instrument readouts (displays, indicators)
Neutron detectors

X

teRaR ool

koo kool

>

Il R R

>

* Crosses indicate types addressed by the indicated SQUG program. All equipment types will

eventually be covered by the EPRI program.
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