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ABSTRACT

Traditional methods used to seismically qualify equipment for new facilities has been
either by testing or analysis. Testing programs are generally expensive and their input
loadings are conservative. It is also generally recognized that standard seismic analysis
techniques produce overly conservative results. Seismic loads and response levels for
equipment are typically calculated that far exceed the values actually experienced in
earthquakes. A more efficient method for demonstrating the seismic adequacy of
equipment has been developed which is based on conclusions derived from studying the
performance of equipment that has been subjected to actual earthquake excitations.
This earthquake experience data concludes that damage or malfunction to most types
of equipment subjected to earthquakes is far less than that predicted by traditional
testing and analysis techniques. The use of conclusions derived from experience data
provides a more realistic approach in assessing the seismic ruggedncss of equipment.
By recognizing this inherently higher capacity that exists in specific classes of
equipment, vendors can often supply "off the shelf equipment without the need to
perform expensive modifications to meet requirements imposed by conservative
qualification analyses. This paper will describe the development of the experienced
based method for equipment seismic qualification and its application at the FPR
facility.

BACKGROUND

The traditional approach to seismically qualifying
equipment has been to write into the equipment
vendor specification the seismic design criteria of
the facility where the equipment is to be installed.
The vendor then provides the seismic qualification
documentation for the equipment item. This
approach is time consuming and typically produces
overly conservative results. The earthquake
experience database approach introduced in this
paper is a more efficient method that incorporates
two fundamental advantages over the more
traditional seismic qualification methods:

1. Reduced equipment seismic specification
requirements

2. Reduced costs both for procurement and
engineering of the equipment

Design specifications for new facilities have traditionally
included special requirements to insure that equipment
will survive the facility design basis earthquake (DBE). To
insure that their products will survive the DBE, equipment
suppl'crs are required to perform a seismic analysis or a
vibration test as specified in (he procurement
specifications which must be recovered in the purchase
price of the equipment. It is generally recognized that
standard seismic analysis procedures produce overly
conservative results. Seismic loads and response levels for
equipment are typically calculated that far exceed the
values actually experienced in earthquakes. Experience in
the performance of most types of equipment in
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earthquakes shows that damage or malfunction occurs
far less often than conventional analyses predict. The
conclusion reached is thai equipment generally has a
high tolerance to seismic loads. Utilization of the
experience database approach gives a much more
realistic assessment of the true seismic ruggedness of
equipment and includes effects such as higher modal
damping, nonlinear response, local plastic yielding and a
capability to absorb high stresses for short time periods.
Each of these effecls is difficult to accurately account for
analytically. By recognizing the inherently higher
capacities that exist in specific classes of equipment,
vendors can often supply "off the shelf equipment
without undergoing expensive modifications to meet the
requirements imposed by conservative qualification
analyses. The end result is that specification
requirements for seismic qualification of equipment can
be significantly reduced.

The direct result of reduced design specification
requirements for the equipment vendor is reduced cost
to the purchasing organization. Analysis and testing
qualification can be very costly, and the costs must be
recovered in the purchase price. This higher cost is also
attributed to the modifications that may be necessary as
a result of conservative seismic analyses used in
demonstrating equipment seismic ruggedness. The end
result of using the experience based approach is a
significant cost savings.

A significant cost savings also results for the facility
Architect/Engineer associated with the project as he
must dedicate engineering time to reviewing and
cataloging the traditional, and sometimes quite
extensive, seismic qualification reports. Since the
seismic qualification requirements arc reduced the
seismic documentation is reduced yielding a substantial
savings in this area as well.

This paper presents the development and industry
acceptance of the experience based approach for the
scisn.ic qualification of equipment. The application of
the experience uala based approach to process systems,
equipment, HVAC and structures at the Fuel Processing
Restoration (FPR) facility that is currently being
constructed at the Idaho National Engineering
Laboratory (INEL) is presented. This equipment must
be designed to withstand external events such as
earthquakes, in order to ensure a minimal risk to the
public safety.

EARTHQUAKE EXPERIENCE DATABASE

Very few components of nuclear plant systems arc
unique to nuclear facilities. Nuclear plant systems
include electrical swilchgcar, control panels, motor-
operated valves, pumps, piping, ducts, conduit, cable
trays, and many other items that are common
components of conventional power plants and industrial
facilities. The seismic experience database was
developed to address the problem of equipment
qualification in nuclear plants which were built before
specific seismic requirements existed. By reviewing the
performance of facilities (commercial as well as
industrial) thai contain equipment similar to that found
in nuclear power plants, conclusions can be drawn about
the performance of nuclear plant equipment during and
after a design basis earthquake.

Strong motion earthquakes frequently occur in
California and throughout the world; power plants or
industrial facilities arc often located in these affected
areas. By studying the performance of these
earthquake-affected (or database) facilities, a large
inventory of various types of equipment that have
experienced substantial seismic motion can be compiled.
The ground acceleration experienced at most of these
database sites, measured by nearby ground motion
records, is comparable to, or in excess of, the seismic
design basis for practically all United States nuclear
plant sites.

The primary purposes of the seismic experience

database arc:

o To determine the most common sources of
seismic damage, or adverse effects to facilities
that contain equipment representative of safety-
related nuclear plant systems.

o To determine the thresholds of seismic motion
corresponding to various types of seismic
damage.

o To determine the performance of equipment
during earthquakes, regardless of the levels of
seismic motion.

o To determine seismic integrity criteria with
regard to minimum standards in equipment
construction and installation, based on past
experience, to ensure the ability to withstand
anticipated seismic loads.
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The database was compiled through surveys of the
following types of facilities:

o Fossil-fueled power plants

o Hydroelectric power plants

o Electric distribution stations

o Petrochemical facilities

o Water treatment and pumping stations

o Natural gas processing and pumping stations

o Manufacturing facilities

o Large industrial facilities

o Commercial facilities (focusing on their HVAC
plants)

In general, data collection efforts focused on facilities
located in the areas of strongest ground motion for each
earthquake investigated. Facilities were sought that
contained substantial inventories of mechanical or
electrical equipment or control and distribution systems.
Because of the number of earthquake-affected areas and
types of facilities investigated, there is a wide diversity in
the types of installations included in the database. For
the types of equipment of focus, this includes a wide
diversity in age, size, configuration, application,
operating conditions, manufacturer, type of building,
location within building, local soil conditions, quality of
maintenance, and quality of construction.

The seismic experience database is founded on studies
of over 100 facilities located in the strong motion areas
of 19 earthquakes that occurred in the United States and
other parts of the world since 1971. The earthquakes
investigated range in Richter magnitude from 5.2 to 8.1.
Measured or estimated peak ground accelerations for
database sites range from O.lOg to 0.85g. The bracketed
duration of strong motion (on the order of O.lOg or
greater) ranges from 5 seconds to about 50 seconds.
Local soil conditions range from deep and soft alluvia to
hard rock. The sites range from the epicentral area to
great distances from the epicenter. The buildings
housing the equipment of interest have a wide range in
size and type of construction. As a result, the database
includes a wide diversity of seismic input to equipment
in terms of seismic motion amplitude, duration, and
frequency content.

EXPERIENCE DATABASE METHODOLOGY

The experience database methodology has been
formalized in (he Generic Implementation Procedure
(GIP) [1], which has been developed to resolve
Unresolved Safety Issue (USI) A-4612|. USIA-46 was
identified by the NRC to address the seismic adequacy
of older equipment in operating nuclear power plants
which had been qualified using methods different from
those which are currently being required. The GIP
procedure incorporates the earthquake experience
approach to seismic qualification and couples that with
simplified anchorage evaluation methods. The basic
methods involved in the GIP can be summarized as:

1. Comparing the site earthquake response
spectrum to the experience database bounding
spectrum.

2. Reviewing the equipment to assure
similarity /representation to equipment contained
in the database.

3. Verifying the database seismic restrictions arc
satisfied.

4. Reviewing the equipment installation for unusual
or nontypical component arrangements, cither
internal or external.

5. Reviewing the equipment anchorage adequacy.

6. Reviewing the area around the installed
equipment to assure no seismic interaction
hazards (such as unsecured lighting fixtures)
exist.

The GIP procedure applies to existing equipment
installations and consists predominantly of a visual
inspection (steps 2-6) of the equipment item of interest
by an engineer experienced with the experience
database and equipment seismic response.

In applying the experience database methodology to
new or future equipment installations, the GIP
requirements must be re-written in terms of
specification requirements. These requirements arc
divided into two separate areas of responsibility:

1. Equipment Vendor

2. Architect/Engineer (AE)
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The vendor seismic specification requirement are
associated with the construction of the equipment
component, while the installation requirements are
typically not the responsibility of the equipment vendor
and fall to the plant engineers or to an AE,
Requirements must be written into the vendor
specifications which will demonstrate similarity to the
experience database components. EQE's earthquake
experience database includes a tremendous volume of
equipment which allows for the generation of a broad
range of similarity parameters such as equipment type,
manufacture, construction, material, vintage and seismic
response. There are several equipment classes where
specific construction requirements are necessary based
on the results of this type of configuration found in the
experience database. Examples of typical construction
requirements include:

o Limitations on the cutout size in electrical panel
side walls, which relates to cabinet stiffness and
thus response.

o Limitations on the size and weight of external
attachments to electrical cabinets.

o Limitations on sheet metal thickness for
electrical cabinet enclosure construction.

o Specifying core/coil assemblies of transformers
shall be positively anchored to the base enclosure
structure.

The majority of the "off-the-shelf equipment
incorporale these requirements already, thus, the vendor
can typically provide his commercial grade component
without having to provide the lime consuming seismic
design and potentially major structural modifications to
meet the conservative seismic analysis results.

The majority of the seismic experience database
requirements arc addressed by the architect/engineer.
These requirements consist of specifying minimum
equipment anchorage and identifying critical installation
requirements that the design architect/engineer
considers in order to insure the components seismic
ruggedness as demonstrated by earthquake experience
data. Examples of installation requirements include:

o Impact considerations between unattached
cabinet sections located adjacent to one another.

o Flexibility considerations for connecting items to
the equipment, such as electrical conduit and
piping.

o The seismic adequacy review of items located
around the component, such that they do not
represent a potential interaction hazard.

The above requirements are directly related to
instances of damage that have occurred to components
contained in the earthquake experience database and
arc most easily implemented during the design stage
before the equipment has been installed. After
installation the majority of these requirements must be
verified via a walkdown by engineers qualified in using
the experience database.

EXPERIENCE DATABASE ACCEPTANCE

In December of 1980, the NRC initiated USI A-46 to
address the question of the seismic adequacy of
equipment in 49 operating nuclear plants (72 units) that
were not licensed to current criteria. The experience
database approach was developed through the
sponsorship of the Seismic Qualification Utilities Group
(SQUG) which was formed in 1981 in conjunction with
an agreement with the NRC to develop alternate
methods to resolve seismic safely issues for critical
systems and components in operating nuclear power
plants. The NRC subsequently adopted the experience
database approach as the most cost effective method in
resolving USI A-46 over the more traditional types of
equipment qualification methods.

Initial acceptance of the experience database approach
came in September 1983 when the NRC issued
NUREG-1018 [3]. NUREG-1018 endorses a pilot
program [4] which was tasked to demonstrate the
feasibility of using earthquake experience data in lieu of
formal qualification of equipment in operating plants.
Shortly thereafter SQUG and the NRC jointly agreed
upon a panel of independent recognized seismic experts
to evaluate the experience data approach to seismically
qualify equipment. This panel, the Senior Seismic
Review and Advisory Panel (SSRAP), was assigned the
tasks of (1) reviewing the experience database
methodology, (2) determining the limits to which
experience data could be applied in the seismic
qualification of equipment, and (3) recommending
additional areas where the methodology should be
expanded.

The members of the SSRAP reviewed several
database facilities and nuclear plants to judge similarity
between the equipment in nuclear power plants and in
the conventional plants from which past earthquake
experience data were collected. The NRC, SQUG, and
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SSRAP also had discussions relative to the similarity
issue with representatives from vendors and experts in
the areas of equipment construction and potential
failure modes.

The SSRAP completed its review [5] and endorsed the
concept of using earthquake experience dala for seismic
qualification purposes. In addition to SSRAP's
endorsement, the major seismic design and review
regulatory documents in the United Stales now include
the experience data methodology as an alternative
approach to the seismic qualification of equipment.
Examples of regulatory documents endorsing the
application of the experience data approach include:

o U.S. NRC NUREG-1211, "Regulatory Analysis
for Resolution of Unresolved Safety Issue A-46,
Seismic Qualification of Equipment in Operating
Plants" [6]

o U.S. NRC Regulatory Guide 1.100, Revision 2,
"Seismic Qualification of Electrical and
Mechanical Equipment for Nuclear Power
Plants" [7]

o U.S. Standard IEEE Sid 344-1987, "IEEE
Recommended Practice for Seismic Qualification
of Class IE Equipment for Nuclear Power
Generating Stations" [8]

o U.S. NRC "Generic Safety Evaluation Report on
SQUG Generic Implementation Procedure for
Implementation of USIA-46" [9]

o DOE 6430.1A, "General Design Criteria" [10]

APPLICATION AT FPR

The Fuel Processing Restoration (FPR) Facility is part
of the Idaho National Engineering Laboratory (INEL)
in Idaho Falls, Idaho. The FPR Facility is being
designed to recover uranium from product solutions
produced by different processes at the INEL Chemical
Processing Plant. The facility will contain processes
involving highly radioactive materials. Process systems,
equipment, HVAC and structures must be designed to
withstand loads due to natural phenomenon such as
earthquakes. The project scope involved developing
seismic qualification criteria for sixteen different
equipment classes at FPR based on earthquake
experience data. The equipment classes addressed arc:

o Motor Control Centers

o Low Voltage Swilchgear

o Medium Voltage Switchgoar

o Transformers

o Horizontal Pumps

o Direct Drive Vertical Pumps

o Fluid-Operated Valves

o Motor-Operated Valves

o Centrifugal Fans

o Automatic and Manual Transfer Switches

o Distribution Panels

o Chillers

o Air Handling Units

o Uninterruptible Power Supplies

o Instruments on Racks

o Sensors

The application of experience data to these equipment
categories at the FPR facility consisted of three stages:

1. Development of seismic requirements for
inclusion to the procurement specifications for
each class of equipment.

2. The review of vendor submiltals to assure the
seismic requirements arc satisfied.

3. The performance of a final walkdown review for
the installed equipment.

The first stage consisted of reviewing the FPR design
and functional requirements for each category of
equipment to establish similarity/representation to
equipment in the experience database. Two separate
groups of seismic specification requirements were
developed for FPR as described above.

1. The equipment vendor

2. The architect/engineer
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Specification requirements for the equipment vendor
were minimal since EQE performed a similarity
assessment for the manufacturers and models which
were on the bidders list. Each equipment class had
several equipment vendors specified for review against
the developed specification requirements where it was
determined that the equipment vendor could simply
supply his standard off-the-shelf unit with no
modifications required. Specific requirements had to be
specified for the electrical equipment since minimum
construction standards arc necessary in order to assure
an adequate seismic capacity level.

The architect /engineer requirements consisted of
specifying minimum anchorage and installation criteria.
Various anchorage schemes were specified in most
cases. The installation requirements arc predominantly
associated with the flexibility of connecting items
(conduit, cabling, piping, etc.) to the equipment and
reviewing the area surrounding the component for
interaction hazard potentials. These installation
uquircments should be implemented during the design
SK.;C and verified during a post-installation walkdown.

An example of the two separate requirements
developed for the FPR Motor Control Centers arc:

EQUIPMENT VENDOR

1. MCC cabinets should not be customized or
modified from that provided by the equipment
vendor.

2. MCC construction should conform to NEMA
ICS 6 standards, or equivalent.

3. MCC sections should be manufactured such that
adjacent vertical sections can be securely bolted
together.

ARCHITECT-ENGINEER

1. MCC should be installed with the following
minimum anchorage:

o (2) 1/2" diameter anchor bolts along the
exterior edges of each vertical section, one
front, one rear. Single section MCC's must
be installed with (4) 1/2" diameter anchor
bolls; or

o Welding the base of each vertical section to
embedded steel with 2 fillet welds located

equivalent to that of the anchor boll option
above, The minimum effective weld area
shall be 0.20 square inches.

2. Adjacent equipment to the MCC's should be
reviewed for positive anchorage such that
potential failure will not occur that could result
in the impacting of the MCC sections.

3. The area beside and above the MCC's should be
reviewed for potential II/I interactions.

4. Attached conduit or cable tray should be
reviewed for adequate flexibility.

RESULTS AND CONCLUSIONS

The seismic procurement project at the Fuel
Processing Restoration Facility at INEL resulted in an
efficient and cost-effective procedure to produce
procurement documentation during the design stages of
a new construction project. The cost reductions stem
from both the reduced costs in qualification (testing and
analysis), a reduction in documentation and review, and
also a potential reduction by allowing procurement of
commercial grade equipment as opposed to specially-
designed seismic grade equipment. The subject
procurement specifications for FPR were reviewed and
approved by DOE and have been sent out to potential
vendors in lieu of seismic design criteria. The results to
dale have proven this methodology to be a much easier
process to implement, both for the vendors and for the
plant design personnel.
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