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ABSTRACT: The purpose of this paper is to present a summary of the development of a seismic
re-evaluation program for older nuclear power plants in the U.S. The principal focus of this re-
evaluation is the use of actual strong motion earthquake response data for structures and mechanical
and electrical systems and components. These data are supplemented by generic shake table test
results. Use of this type of seismic re-evaluation has led to major cost reductions as compared
to more conventional analytical and component specific testing procedures.

1. INTRODUCTION

The U.S. nuclear industry has been extremely successful in the development and the limited
use various kinds of experience data to include analysis, test and earthquake for the seismic re-
evaluation, verification and as necessary upgrading of Nuclear Power Stations. Nuclear power
plants prior to 1975, particularly East of the 105° longitude in the U.S. (72 units in all) were
designed to seismic criteria which was less well developed and in some cases less stringent than
would be the case for nuclear power plants built at the same sites using seismic criteria developed
since 1977. As a result, the U.S. Nuclear Regulatory Commission defined an Unresolved Safety
Issue A-46 in 1980 which required these older plants (pre 1975) to re-evaluate their seismic design
adequacy. This phenomena of increased seismic loading on nuclear power plants is a world wide
trend, hence the experience gained in the U.S. could be applicable to many other countries. The
program defined in this paper is limited to the USNRC Unresolved Safety Issue A-46 which is
concerned with reevaluation of existing nuclear power plants for their original design basis safe
shutdown earthquake. However, there is no reason why it could not be applied to other types of
nuclear facilities or other type of hazardous facilities in the U.S. or elsewhere.

The USNRC has also prescribed a seismic margin or probablistic risk assessment review.
This review is applicable to all nuclear power plants in the U.S. which for so called focused and
full scoped plant as part of an Individual Plant External Event Evaluation use significantly higher
seismic input (i.e. 1.5 to 3.0 times that prescribed in the original design) and could also be applied
in other countries where it is desired to quantify the margins or risk associated with the existing
earthquake design.

Current rigorous seismic design and construction techniques account for about 10 to 14
percent0-2' of the total cost of a nuclear power plant in the U.S. These methods rely primarily on
structural analysis for building structures, distributions systems (piping, cable trays, conduit
ductwork, etc.) and mechanical components, and on shaker table testing for seismic qualification
of electrical components. To apply these conventional seismic qualification techniques to older
operating plants and consequential modifications would be extremely expensive between
$15,000,000 to $20,000,000 dollars per unit. In Table 1 is a summary of the large number of
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of mechanical and electrical, distribution systems and components which typically would have been
involved for the subset of seismic or safety Category I, Systems and Components, which make up
the items required for safe shutdown of a U.S. Pressurized Water Reactor plant of 1000 Mwe size.
It should be noted that this is a subset of all the safety related seismic category mechanical and
electrical systems and components in the plant. To this list could be added approximately 4 to 6
building structures which also would require some level of seismic re-evaluation. All seismic
Category I structures, systems and components to include all those required for postulated accident
and external hazard prevention or mitigation systems and components would increase the quantities
shown in Table 1 by a factor of 1.5 to 2.0.

It was established as part of an earlier SEP program(3) and in NUREG/CR-4334(4) and as part
of a NUREG/CR -6239(5) survey of the response of piping in power stations in California that have
seen at least 0.2g peak ground acceleration that piping systems designed to U.S. power plant piping
standards could withstand without failure zero period ground acceleration ZPGA up to 0.5g. For
this reason piping (but not in-line power operated values) was excluded from the A-46 program.
For somewhat more obscure reasons, HVAC ducts and their supports (but not fire dampers
contained therein) were also excluded.

In addition, earlier pilot studies and evaluations (0J> indicated that building structures plus
the reactor coolant systems and component designed by the Nuclear Steam System Suppliers in the
U.S. would be able to meet the new seismic criteria up to about 0.5g ZPGA without much difficulty
hence also have not been included in the A-4-6 seismic re-evaluation effort in the U.S.
Recent experience in Eastern Europe suggests that this conclusion may not be valid for reactor
facilities that were constructed without meeting the recommendations of the S-l Guides and the S-2
guides of the IAEA(S-9).

Recognizing this major NRC concern with regard to older nuclear power plants, starting in
1982, several U.S. utilities banded together to form the Seismic Qualification Utility Group, SQUG,
to fund an effort to develop simpler, cost effect and safety neutral ways to seismically verify
existing NPP structures, systems and components. They initiated a pilot effort to develop a data
base which described and evaluated the seismic behavior in strong motion earthquakes of 8 classes
of typical equipment found in nuclear power plants to include high and low and AC and DC
switchgear, motor control centers, horizontal and vertical pumps and power operated valves. This
effort was completed in 1984, and it clearly demonstrated that such equipment behaved extremely
well in strong motion earthquakes for Zero Period Ground Acceleration, ZPGA, up to at least 0.3g,
with little or no damage. This was contingent on certain caveats being met, components being
positively anchored and spatial interaction with adjacent components and structure evaluated and
significant damage precluded.

In 1983, a Senior Seismic Review Advisory Panel SSRAP consisting of 5 acknowledged
experts in seismic design and evaluations of NPP was formed to review the data being developed
by SQUG and their consultants.00' In 1985, the pilot study of 8 classes equipment was enlarged
to 20 as shown in Table 2, and the Electric Power Research Institute, EPRI, also began to take an
active part in the effort. By 3987, the enlarged study was completed*6' and the NRC issued a formal
requirement in the form of a Generic Letter 87-02°I} to resolve the USI-A^46 issue. The SQUG
group began the preparation of a Generic Implementation Procedure, GIP, to provide detailed
guidance to individual utilities and their consultants based on the class of 20 reports and
interactions with the NRC and SSRAP to perform walkdowns, document and evaluate the SSC
in the individual plants. The GIP was finalized in 1992, and individual plant walkdowns have been
conducted over the past 3 years. It is expected that the walkdowns and reports documenting the
results will be completed by most U.S. utilities by the end of 1996.

The total cost in terms of manhours per nuclear power plant unit using the GIP methodology
and including the evaluation potential malfunction of relays has generally been between 4,000 and
8,000 man hours. Physical upgrades as a result of the GIP process which relies heavily on the use
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of experience data from both actual earthquakes and generic testing has typically been required in
less than 1 to 2 percent of the components surveyed. Total cost per unit to perform the entire A-46
effort including hardware fixes typically has been less than $1,500,000. This compares with
engineering manpower estimates alone of 250,000 to 300,000 man hours and an estimated total cost
of 15,000,000 to 20,000,000 per unit using conventional seismic analytical and component specific
test methods and procedure.

2. SUMMARY OF THE USI-146 GIP PROCEDURE

The GIP requires re-evaluation considering four areas:

(a) Seismic Capacity versus Demand
(b) Caveats
(c) Anchorage
(d) Interaction

as defined in Seismic Evaluation Work Sheet, SEWS.

2.1 Capacity Versus Demand

The demand is based on the existing design basis or safe shutdown earthquake in the form
of either ground or in-structure response spectra. The seismic capacity of components are defined
in the GIP as the Bounding Spectrum as shown in Figure 1 for which the earthquake experience
data base is applicable, or the Generic Equipment Ruggedness Spectra from which seismic test data
on overall classes of equipment have been gathered.

2.2 Caveats

Caveats are developed based on the observations or lack of information contained in the
earthquake experiences and the test data base that existed at the time the GIP was prepared (1988-
1992). These are discussed in general in Part II Section 4.3 of the GIP. Individual caveats
applicable to specific items of equipment are contained in Appendix B of the GIP.

2.3 Anchorage

Anchorage requirements and capacities are defined in the Part II Section 4.4 and in detail
in Appendix C of the GIP.

2.4 Interaction

Potential interactions of the component with adjacent structures and other. systems and
components are discussed in Appendix D of the GIP.

Typical SEWS forms for individual classes of equipment from the GIP can be found in
Figures 2 and 3.

3. FUTURE OF SEISMIC QUALIFICATION OF STRUCTURES, SYSTEMS AND
COMPONENTS IN THE U.S.

3.1 Current Design Codes and Standards

The seismic evaluation or base lining of SSC in existing nuclear power plants designed prior
to 1975 using SQUG-GIP methodology will be essentially completed by the end of 1996.
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However, there is the continuing requirement to seismically evaluate and qualify new, replacement
and modified SSC in both old (prior to 1975) and newer nuclear power plants. In the U.S. nuclear
power plants are typically designed for an operating life of 40 years with life extensions possible
up to a 60 year total. During this time period 50 to 70 percent of the original safety related
components and distribution systems are expected to be added to, replaced or modified. Such
components and systems, particularly in harsh environments which include caustic, acid or wet
steam fluids or other corrosive and erosive environments need to be replaced every 10-15 years or
so.

Seismic qualification procedures for Safety related SSC relied upon, between 1975 and 1987
were typically based on component specific analysis of structures and mechanical components and
generic fragility or proof testing of electrical components by their manufacturers. This was a time
consuming and expensive procedure typically adding some 12 to 14 percent to the total cost of the
nuclear power plant. In 1987, the IEEE-344 Standard was reissued to permit the use of actual
earthquake experience data contained as in Section 9 of the standard for reference SSC to be used
to qualify candidate SSC based on previous analysis, tests or actual earthquake experience data.
This procedure could be used if similarity could be demonstrated between the reference component
and the candidate component.

For mechanical components a new standard, Qualification of Active Mechanical Equipment
Used in Nuclear Power Plants, ASME QME-1-1994 also permitted the use of actual earthquake
experience data for operability evaluation as discussed in Attachments A and C to Appendix A of
the ASME Standard. Unfortunately to date, neither of these two Standards has received unqualified
acceptance by the USNRC.

In using experience data for seismic verifications and evaluations it is necessary to establish
a similarity relationship between the parent or reference components or system and the candidate
component or system. This can be done on generic basis as was the case for SQUG where actual
earthquakes have supplied an extremely large data base but with relatively little component specific
information or on a component specific basis as is the procedure used by IEEE and ASME
Standards.

The ASME seismic qualification procedure for operability in ASME QME Section QR,
Appendix A, Attachment A is summarized as follows:

1. Functional Characteristics

Candidate equipment considered for qualification by similarity shall have similar
function/malfunction characteristic to that for the parent equipment for which a
database is available.

2. Excitation Characteristic

The excitation for the candidate equipment shall be shown to be similar to that for
the parent equipment. The parent data may include a composite spectrum that was
generated from qualification of several parent equipment items. Specific excitation
characteristics to be considered include (but are not necessarily limited to):

a. frequency distribution - indicated by amplified region of response spectrum
or by power spectral density

b. peak amplitude of time history, i.e., excitation ZPA

c. maximum amplification factor - ratio of maximum response spectrum value
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to ZPA.

d. time duration - strong-motion portion must be at least 10 sec.

e. axes of orientation - must be common for candidate and parent equipment,
i.e., careful examination of supports at excitation location is required

f. excitation location.

3. Physical Characteristics

Physical similarity is determined by those equipment properties which influence its
dynamic response. Physical similarity between candidate and parent or reference
equipment can be shown by one of several methods, some of which are as follows:

a. Essentially identical equipment - Equipment compared by make, model, and
serial number, and found to be identical (within deviations associated with
manufacturing tolerances) or whose differences are so slight that the dynamic
response can be argued to be essentially unaffected.

b. Similar modal properties - Equipment whose mass, stiffness and damping
properties can be shown to be similar.

c. Acceptance criteria - For acceptance criteria, provide comparison of items for
both the parent and candidate equipment. If there are significant differences
(more than +. 15%) in any one of the items (or sub-items), the effect of the
difference shall be evaluated in terms of the following:

a) stiffness
b) mass distribution
c) boundary conditions
d) natural frequencies
e) damping

The different effect on the stresses, deformations, and load capacities (such
as stem or shaft buckling capacity, bearing load capacity, etc.) at critical
locations shall also be evaluated and shown to be within the allowable criteria
limits.

d. Similar Critical Transfer Function - The critical transfer function establishes
a direct dynamic relationship between the excitation and the critical location
where failure or malfunction is being evaluated. It can be established from
typical exploratory resonance search data, if available, for a response point
near a critical location. When the critical transfer function plot can be
established for both candidate and parent equipment, and where this can be
shown to be within 20% in amplitude within a designated frequency
bandwidth, no further modal characteristics need to be determined. As a
result, the equipment is physically similar within the designated frequency
bandwidth.

4.0 Concurrence of Excitation and Physical Similarity

A valid qualification by similarity requires that the frequency bandwidth within
which physical similarity exists for both candidate and parent items shall be
concurrent within the frequency band for which the candidate's required excitation
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spectrum is enveloped by the parent equipment excitation spectrum. Enveloping
outside this frequency band is not essential, but cannot be unlimited.

The ASME for mechanical components and systems with regard to operability followed the
IEEE lead in 1994. To date the use of experience data for the most part has been limited to
questions of operability of mechanical and electrical equipment with structural and leak tight
integrity as applicable still being addressed by construction codes and standards. It is the author's
opinion that for mechanical components and distribution systems in the future, experience data will
be used to develop, simplified "design by rule" procedures which will be adopted in the design
portion of construction codes (ASME Boiler and Pressure vessel Code Sections ED., VEU and ASME
B31.1) for seismic analyses. However, it is highly unlikely that experience data without the express
computation of stresses in the component and their supports at least on a generic spacing tables and
charts basis will be permitted by these standards. For the design of elevated temperature piping
systems with design temperatures greater than about 150° F (80°C), it is highly unlikely that the
spacing table and chan methods can be used because of the complication of the computation of
restraint of free end expansion stresses. It is also highly unlikely that the structural design codes
for concrete or steel structures which are analysis based will be changed significantly as the result
of use of current experience data.

A program for seismic qualification (functional), STERI since 1992 has been developed for
qualification of new, replacement and modification to safety related systems and components in
nuclear power plants. This program uses both the SQUG-GIP earthquake experience and past
generic testing of components (Generic Equipment Ruggedness Spectra) and a new qualification
program called SQRTS. The SQUG-GIP approach has the drawback that to be useful for
experience based seismic qualification, the component must be in the data base (i.e. they must have
experienced a strong motion earthquake, have been analyzed, or been included in the generic testing.
There is much new or replacement equipment particularly those with solid state and digital devices
where such data are not available.

The nuclear industry in the U.S. and particularly that associated with new or replacement
equipment is no longer large enough to support generic testing by individual manufacturers. As a
result, individual utilities in the U.S. have banded together to support a particular testing facility to
perform seismic qualification testing on individual components as requested by individual utilities
with results to be shared by all. This program is called SQRTS and is associated with the seismic
qualification of otherwise commercial grade equipment in the U.S..

4. THE REGULATORY PERSPECTIVE IN THE U.S.

For plant designed between 1975 and 1987 in the U.S., the Nuclear Regulatory Commission
as part of the individual licensing process was able to secure commitments from the utilities
involved to perform individual component specific seismic qualification by test or analysis. In
general, no mention was made of the use of experience data. As a result, the NRC has tended to
view the use of generic or actual earthquake experience data to seismically qualify SSC as a dilution
of this legal commitment. However, they have permitted it to be used for verification of seismic
adequacy and in seismic margin evaluations for all nuclear power stations. On the older pre-1975
plants, the USNRC has permitted its use to qualify new equipment since in most cases there were
no specific regulatory commitments as to how the seismic qualification would be performed on
these earlier plants. It should also be noted that the NRC has not accepted the IEEE-347-87 or
ASME QME.QR Appendix A portions dealing with the use of experience data since it would
amount to generic acceptance. It is hoped that further research and codification of the use of
earthquake experience will permit the USNRC to accept the use of earthquake experience as a valid
procedure for seismic evaluations and qualifications in the future. Currently for new or advanced
reactor designs in the U.S. there is a major push by the nuclear power industry in that direction.
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5. FUTURE AND CONCLUSION

There are strong economic pressures to increase the use of experience data as the basis of
safety neutral seismic qualification of safety related systems and components in U.S. nuclear power
plants. Since 1976, the high cost of seismic qualification or design (+12 to +14 percent of total
plant cost) which does not take advantage of the use of earthquake experience data and the high cost
of document based Quality Assurance (+30 to 35 percent) procedures have resulted in nuclear power
being considerably more expensive than other forms of energy for electric power generation in the
U.S. There also has been a general surplus of power generation capability and the ability to import
electricity from Canada. As a result, this plus the uncertainties of nuclear plant licensing, there have
been no new nuclear plant orders since 1976 in the U.S. Significantly, nuclear power stations using
essentially U.S. reactor designs are currently being constructed outside the U.S. by using more
rational seismic and quality assurance procedures which are still economically viable when
compared to the cost of fossil fueled power stations.

The U.S. Nuclear Regulatory Commission has moved to simplify the licensing process of
new advanced reactor designs but the underlying economic issues of seismic design and document
based quality assurance have yet to be addressed in a meaningful way. In the author's opinion, it
should be possible by rational use of experience data and "design by rule" produces based on the
actual observed damage to mechanical and electrical systems and components in strong motion
earthquakes to reduce seismic design and qualification costs to less than 5 percent of plant costs.
It should also be possible to reduce the cost of performance based quality assurance to 10 to 15
percent of base plant cost which could once again make nuclear power a viable economical option
in the U.S.

It must be understood that nuclear power is the only form of renewable (breeder or fusion)
source of high density energy in the world. Sooner or later, nuclear power will become the
dominate form of power generation in the U.S. as it has in many other countries. If the sooner
option is taken, we will be able to preserve our fossil materials as chemical feed stocks for the
material needs of future generations rather than squander it as fuel in the near term. We would also
be able to address concerns associated with acid rain and the green house global warming effects
in a much more ecologically positive manner.
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99904b Table 1

TABLE 1' List of Quantities of Safety Related Structures Systems and Components Required
for Nuclear Power Plant Safe Shutdown

MECHANICAL COMPONENTS

Components

A. Seismic Category I
Piping2,3

1. Containment-Reactor
Bldg.

a. Instrumentation
tubing

b. ASME Class 1
c. ASME Class 2

and 3

2. Auxiliary building
a. Instrumentation

Tubing
b. ASME Class 2

and 3 piping

3. Fuel building
a. Instrumentation

tubing
b. ASME Class 2

and 3

4. Diesel generator
a. Instrumentation

tubing
b. ASME Class 2

and 3

5. Intake structure, pipe

B. Valves<2) (Units)

1. Motor Operated

2. Hand Operated

C. Vertical & Horizontal
tanks, heat exchangers
and vessels (Units)

1. Column supported

2. Skirt supported

3. Saddle Supported

Quantity (Metric)

< 1 2.5 cm

2000

2500

160

330

None in
SSEL

> 1 2.5 cm

900
4300

10600

330

500

160

> 8 cm

1100
5500

9300

660

130

340

Total

2000

2000
9800

2500

19900

160
990

330

630

500

150

800

105

45

10

85



10

Components

D. Pumps
1. Vertical

2. Horizontal

E. Seismic Category I
HVAC ductwork
Building

1. Containment

2. Auxiliary building

3. Fuel building

4. Diesel generator

TOTAL

Quantity (Metric)

< 12 in.
dia.

30 cm

1800

5600

300

200

7900

> 12 in.
30 cm

800

1600

200

100

2700

60

100

Total

2,600

7,200

500

300

10,600

II ELECTRICAL COMPONENTS

A. Seismic
Category I
Electrical
Conduit

1. Galvanized
rigid

2. Flexible

B. Seismic
Category I
cable trays

C. Seismic
Category I
Electrical
components

1. Control
panels

2. Switchgear

3. Transform-
ers

4. Motor
Control
Centers

Quantity (Metric)

< 1 in.
2.5 cm

1200

5300

8000

1 in
2.5 cm

9000

6600

4 cm

6000

7000

5 cm

12600

2500

8 cm

5000

10 cm

8000

Total

41000

20400

8000

90

80

20

60
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5. Pressure &
Temperature
Sensors and
Transmitters

Quantity (Metric)

200

1. Qualities listed for the Safe Shutdown List are only one third to one half of those
typically defined as safety related for a U.S. Nuclear Power Plants.

2. For all piping, assume 40% of the quantities shown are hot (design temperature, >80°C
and, therefore, require thermal flexibility analysis and may require the use of constant
or variable spring hangers for deadweight and dampers or snubbers to carry seismic
loads.

3. Piping and hand operated valve quantities given are for information only. In the U.S.
piping and hand operated valves are not included in the Safe Shutdown List because
previous evaluations have indicated piping in Nuclear Power Plants including hand
operated valves have HCLPF values which exceed 0.5g peak ground acceleration.
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1 2 99904b
Table2.1

TABLE 2

1.

2.

*>

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Classes of Safe Shutdown Equipmei

Fans

Air compressors

Battery racks

Battery chargers and inverters

Air handlers

Chillers

Transformers

Vertical pumps

Horizontal pumps

Motor-generators

Motor control centers

Low voltage switchgear

Medium voltage switchgear

Distribution panels

Fluid-operated valves

Motor-operated valves

Engine-generators

Instrument racks

Sensors

Control and instrumentation cabinets
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Status Y N U

SCREENING EVALUATION WORK SHEET (SEWS) Sheet 1 of 2

Equip. ID No. Equip. Class 5 - Horizontal Pumps

Equipment Description

Location: Bldg. Floor El. Room, Row/Col

Manufacturer, Model, Etc.

Horsepower/Motor Rating RPM Head Flow Rate

SEISMIC CAPACITY VS DEMAND
1. Elevation where equipment receives seismic input
2. Elevation of seismic input below about 40' from grade Y N U
3. Equipment has fundamental frequency above about 8 Hz Y N U N/A
4. Capacity based on: Existing Documentation DOC

Bounding Spectrum BS
5. Demand based on: Ground Spectra 6RS

Amplified (Floor) Spectra AFS
Does capacity exceed demand? Y N U

CAVEATS - BOUNDING SPECTRUM
1. Equipment is included in earthquake experience

data base Y N U N/A
2. Driver and pump connected by rigid base or skid Y N U N/A
3. No indication that shaft does not have thrust

restraint in both axial directions Y N U N/A
4. No risk of excessive nozzle loads such as gross

pipe motion or differential displacement Y N U N/A
5. Base vibration isolators adequate for seismic loads Y N U N/A
6. Attached lines (cooling, air, electrical) have

adequate flexibility Y N U N/A
7. Anchorage adequate Y N U N/A
8. Relays mounted on equipment evaluated Y N U N/A
9. No other concerns Y N U N/A

Are the caveats met for Bounding Spectrum? Y N U N/A

ANCHORAGE
1. Appropriate equipment characteristics determined

(mass, CG, natural freq., damping, center of rotation) Y N U N/A
2. Type of anchorage covered by GIP Y N U N/A
3. Sizes and locations of anchors determined Y N U N/A
4. Adequacy of anchorage installation evaluated

(weld quality, nuts and washers, expansion anchor
tightness) Y N U N/A

Figure 2 Typical Seismic Evaluation Work Sheet for Mechanical Equipment
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SCREENING EVALUATION WORK SHEET (SEWS) Sheet 2 of 2

Equip. ID No. Equip. Class 5 - Horizontal Pumps

Equipment Descript ion

ANCHORAGE (Cont'd)
5. Factors affecting anchorage capacity or margin of

safety considered: embedment length, anchor spacing,
free-edge distance, concrete strength/condition, and
concrete cracking Y N U N/A

6. For bolted anchorages, gap under base less than
1/4-inch Y N U N/A

7. Factors affecting essential relays considered: gap
under base, capacity reduction for expansion anchors Y N U N/A

8. Base has adequate stiffness and effect of prying
action on anchors considered Y N U N/A

9. Strength of equipment base and load path
to CG adequate Y N U N/A

10. Embedded steel, grout pad or large concrete
pad adequacy evaluated Y N U N/A

Are anchorage requirements met? Y N U

INTERACTION EFFECTS
1. Soft targets free from impact by nearby

equipment or structures Y N U N/A
2. If equipment contains sensitive relays, equipment

free from all impact by nearby equipment or structures
3. Attached lines have adequate flexibility
4. No collapse of overhead equipment or

distribution systems
5. No other concerns

Is equipment free of interaction effects?

IS EQUIPMENT SEISMICALLY ADEQUATE? Y N U

COMMENTS

Y
Y

Y
Y

N
N

N
N

U
U

U
U

N/A
N/A

N/A
N/A

Y N U

Evaluated by: Date:

Figure 2 (Cont.)
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SCREENING EVALUATION WORK SHEET (SEWS) Sheet 1 of 2

Equip. ID No. Equip. Class 20 - Instr. & Control Panels & Cabinet

Equipment Description

Location: Bldg. Floor El. Room, Row/Col

Manufacturer, Model, Etc.

SEISMIC CAPACITY VS DEMAND
1. Elevation where equipment receives seismic input
2. Elevation of seismic input below about 40' from grade
3. Equipment has fundamental frequency above about 8 Hz
4. Capacity based on: Existing Documentation

Bounding Spectrum
5. Demand based on: Ground Spectra

Amplified (Floor) Spectra
Does capacity exceed demand?

CAVEATS - BOUNDING SPECTRUM
1. Equipment is included in earthquake experience

data base
2. No computers or programmable controllers
3. No strip chart recorders
4. Steel frame and sheet metal structurally adequate
5. Adjacent cabinets or panels which are close enough

to impact, or sections of multi-bay cabinets or
panels, are bolted together if they contain
essential relays

6. Drawers and equipment on slides restrained
from fall ing out

7. All doors secured by latch or fastener
8. Attached lines have adequate flexibility
9. Anchorage adequate
10. Relays mounted on equipment evaluated
11. No other concerns

Are the caveats met for Bounding Spectrum? Y N U

ANCHORAGE
1. Appropriate equipment characteristics determined

(mass, CG, natural f req . , damping, center of rotation) Y N U N/A
2. Type of anchorage covered by GIP Y N U N/A
3. Sizes and locations of anchors determined Y N U N/A
4. Adequacy of anchorage instal lat ion evaluated

(weld qual i ty , nuts and washers, expansion anchor
tightness) Y N U N/A

Figure 3 Typical Seismic Evaluation Work Sheet for Electrical Equipment
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SCREENING EVALUATION WORK SHEET (SEWS) Sheet 2 o f 2

Equip. ID No. Equip. Class 20 - I n s t r . & Cont ro l Panels & Cabinets

Equipment Desc r ip t i on

ANCHORAGE (Cont'd)
5. Factors affecting anchorage capacity or margin of

safety considered: embedment length, anchor spacing,
free-edge distance, concrete strength/condition, and
concrete cracking

6. For bolted anchorages, qap under base less than
1/4-inch

7. Factors affecting essential relays consiaered: gap
under base, capacity reduction for expansion anchors

8. Base has adequate stiffness and effect of prying
action on anchors considered

9. Strength of equipment base and load path
to CG adequate

10. Embedded steel, grout pad or large concrete
pad adequacy evaluated

Are anchorage requirements met?

INTERACTION EFFECTS •
1. Soft targets free from impact by nearby

equipment or structures
2. If equipment contains sensitive relays, equipment

free from all impact by nearby equipment or structures
3. Attached lines have adequate flexibility
4. No collapse of overhead equipment or

distribution systems
5. No other concerns

Is equipment free of interaction effects?

IS EQUIPMENT SEISMICALLY ADEQUATE?

COMMENTS
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Y

Y

Y

Y

Y

N

N
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N

N
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U
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U
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N/A
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N/A

N/A

N/A

N/A

Y
Y

Y
Y

N
N

N
N

U
U

U
U

Y N U

Y N U N/A

N/A
N/A

N/A
N/A

Y N U

Y N U

Evaluated by: Date:

Figure 3 (cont.)
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