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FOREWORD

The U.S. Nuclear Regulatory Commission (NRC) is conaucting the Systematic
Evaluation Program (SEP), which consists of a plant-by-plant limited
reassessment of the safety of 1l operating nuclear reactors that received
construction permits between 1956 and 1967. Because many safety criteria have
cnanged since these plants were initially licensed, the purpose of the SEP is
to develop a current documented basis for the safety of these older facilities.

The 11 SEP plants were categorized ‘ato two groups based upon the extent
to which seismic design was originally considered and thc quantity of
available seismic design documentation. Unit 1 of the Pa’isades Nuclear Power
Plant, the subject of this report, was categorized under u.up l.

A detailed evaluation of plant structures and the hundreds of indiviaual
components within each Group 1 plant has not been performed. Rather, the
evaluations rely upon limited analysis of selected structures and sampling of
representative components from generic groups of equipment. The component
sample was augmented by walk-through inspections of the facilities to select
aaditional components based upon their potential seismic fragility.

This limited assessment of the Palisaces facility relied in large part
upon the guidance, procedures, and recommendations of recognized seismic
design experts. Accordingly, a Senior Seismic Review Team (SSRT) under the

dircction of N. M. Newmark was established. Members of the SSRT and their

affiliations are

Nathan M. Newmark, Chairman
Nathan M. Newmark Consulting Engineering Services
Urbana, Ill.

William J. Hall
Nathan M. Newmark Consilting Engineering Services

Urbana, Ill.
Robert P. Kennedy

Structural Mechanics Associates, Inc.
Newport Beach, Calif.
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John D. Stevenson
Structural Mechanics Associates, Inc.
Cleveland, Ohio

Frank J. Tokarz (member until September 30, 1980)
Lawrence Livermore National Laboratory
Livermore, Calif.

The SSRT was charged with the following responsibilities:

® To develop the general philosophy of review, setting forth seismic
design criteria and evaluation concepts applicable to the review of
olaer nuclear plants, and to aevelop an efficient, yet comprehensive,
review process for NRC staff use in subsequent evaluations.

® To assess the safety of selected older nuclear power plants relative
to those designed under current standards, criteria, and procedures,
and to recommend generally the nature and extent of retrofitting to
bring these plants to acceptable levels of capability if they are not

alreaay at such levels.

The SSRT developed its general philosophy and presented it in the first
SEP report, which reviews Unit 2 of the Dresden Nuclear Power Station.l The
assessment of Palisades reported here is the third in the series of SEP
seismic reviews of Group 1 plants.

This report provides partial input into the SEP seismic evaluation of
Unit 1 of the Palisades Nuclear Power Plant. The results of the seismic
evaluation will be documented in a Safety Assessment Report prepared by the
NRC staff that will address the capability of tlie Palisades systems to respond
to seismic events or to mitigate the consequences of such events.

A limited peer review of this report was conducted by the SSRT to ensure
consistency with the review philosophy established during the SSRT's review nf
Dresuen Unit 2 and to review the results of the limited reanalyses of plant

tructures and the component sample.

Safety for seismic excitation implies that certain elements and
components of an entire system must continue to function under normal
operating and test loads. The SSRT dia not review all aspects of the plant's
opecration and the safety margins available to ensure that those elements and

components needed for seismic safety would not be impaired beyond the point
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for which they can be counted on for Seismic resistance because of unusual
Operating conditions, sabotage, Operator error, or other causes. These
aspects will have been studied by others. However , where unacceptable risks
of essential elements not being able to function Properly to resist seismic
events were noted o inferred, greater margins of safety or provision for
redundancy in the design of these elements are Considered by the SSRT to be
necessary,

authors wish to acknowledge M. Nitzel of BG&G, Idaho Falls, for his

pPiping analysis. The authors also thank T. M. Cheny, technical monitor of

this work at the NRC, for his continuing support.




ABSTRACT

A limited seismic reassessment of Unit 1 of the Palisades Nuclear Power
Plant was performed by the Lawrence Livermore National Labcoratory for the U.S.
Nuclear Regulatory Commission as part of the Systematic Evaluation Program.
The reassessment focused generaily on the reactor coolant pressure boundary
and on those systems and components necessary to shut down the reactor safely
and to maintain it in a safe shutdown condition following a postulated
earthquake characterized by a peak horizontal ground acceleration of 0.2 g.
Unlike a comprehensive uesign analysis, the reassessment was limited to
structures and components deemed representative of generic classes.
Conclusions and recommendations about the ability of selected str'«<.’es and

equipment to withstand the postulated earthquakez are presented.
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CHAPIER 1: INTRODUCTION

This report aescribes work at the Lawrence Livermore National Laboratory
(LLNL) to reassess the seismic design of Unit 1 of the Palisades Nuclear Power
Plant. This limited reassessment includes a review of the original sefsmic
design of selected structures, equipment, and components, and seismic analyses
of selected items, Lsing current modeling and analysis methoas.

The LLNL work is being performed for th: U.S. Nuclear Regulatory
Commission (NRC) as part of “he Systematic Evaluation Program (SEP). The
purpose of the SEP is to develop a current documented basis for the safety of
11 older operating nuclear reactors, including Palisaces. The primary
objective of the SEP seismic review program is to make an overall seismic
safety assessment of the plants ana, where necessary, to recommend backfitting

in accordance with the Code of Federal Regulations (10 CFR 50.109).2 The

important SEP review concept is to determine whether or not a given plant
meets the "intent®™ of current licensing criteria as defined by the Standard
Review PlanB-—not w the letter, but, rather, to the general level of safety
that these criteria dictate. Auditional background information about the SEP

can be found in Refs. 4 and 5.
1.1 SCOPE AND DEPTH OF REVIEW

This review of Palisades is considerably different in scope and depth from
current reviews for construction permits and operating licenses. Its focus 1is
limitea to i1aentifying safety issues and to providing an integrated, balanced
approach to backtit considerations in accoraance with 10 CFR 50.109, which
specifies that backfitting will be required only if substantial ad ‘*ional
protection can be cdemonstrated for the public health and safety. 8Such a
finding requires an assessment of broad safety issues by considering the
interactions of various systems in the context of overall plant safety.

Because individual criteria do not generally control broad safety issues,
this review is not based on demonstrating compliance with specific cciteria in

the Standard Review Plan or Regulatory Guides. However, current licensing




C iteria do establish baselines against which to measure relative saiety
factors to sypport the broad integrated assessment. Therefore, we compare the
seismic resistance of the Palisades facility ). a qualitativ. fashion to that
dictated by the intent of today's licensing criteria in order to determine
whether Palisaues meets acceptable levels of safety and reliability.

References in this report to loaa ratios and safety factors do not refer
in an absolute sense to acceptable minimums, but to uesign-based levels
thought to be realistic in light of current knowleage. In general, original
levels do0 not represent maximum levels because such unclaimed factors as low
stress and a structure's ability to respond inelastically contribute to
seismic resistance. In particular, resistance to seismic motions does not
mean the complete absence of permanent deformation. Structures and equipment
may geform into the inelastic range, and some elements and components may even
oe permitted to suffer camage, provided that the entire system can continue to
function and to maintain a safe shutaown conaition.

The Pulisades assessment focuses on the integrity of the reacior coclant
pressure bounuary--that is, components that contain coolant for the core, and
piping or any component not isolable (usually by a double valve) from the
Cure--and the capabli'ty of essential systems and components required to shut
aown the reactor safely and to maintain it in a safe shutdown condition auring
and atter a postulated seismic disturbance. The assessment of this subgroup
of equipment can be used to infer the capability of other safety-related
systems, such as the emergency core cooling system (ECCS).

To review the selected systems, an evaluation was made of Lhe reactor
containment building (together with its internal structures) and the auxiliary
building to demonstrate structural adequacy and to obtain seismic input to
equipment. Field-erected tanks and a typical buried pipe were also analyzed.
A zero-period peak horizontal ground acceleration of 0.2 g was employed along
with R.G. 1.60 response spectra for te structural evaluations.

Mechanical and electrical equipment representative of items installed in
the reactor coolant system and safe shutaown systems at the Palisades facility
were examinea for structural integrity and for electrical and mechanical
functicnal operability. In order to develop a basis for evaluating the
estimatea lower-bound seismic capacity of mechanical and electrical components
and aistribution sy.tems, we visited the site and identified components for

review that potentially have a high degree of seismic fragility. The methods



of selection of the representative equipment for this limited assessment are
described in detail in Chapter 6.
The safe shutdown earthquake (SSE) is the only earthquake level

considered because it represents tne limiting seismic loading to which the
plant must respond safely. Present licensing criteria sometimes result in the
operating basis earthquake (OBE), which is usually one-half the SSE,
controlling the desigr of structures, systems, and components for which
operation, not safety, is at issue. Because a plant designed to shut down
safely following an SSE will Le safe for a lesser earthquake, investigation of
the eftects of the OBE was deemed unnecessary.

Safety for seismic excit.vion implies that certain elements and
components of an erntire system must continue to function under normal
operating ana test loads. The seismic review team did not review all aspects
of the plant's operation and the safety factors available to ensure that vital
elements and components would withstand unusual operating conditions,
sabotage, operator error, or other nonseismic events.

The report addresses structures, systems, and components in the as-built
condition and considers those modifications since the issuance of the
operating license that have been made to the selected Class 1 components.
information about structures, systems, and components was primarily obtained
from the Palisades docket (Docket 50255) maintained by the NRC in Bethesda,
Maryland. Adaitional information was supplied by the utility and the

architect-engineer either through correspondence or during site visits.

1.2 PLANT DESCRIPTION

The Palisades plant is part of the Michigan power pool, providing energy
to ooth the Consumers Power Company (CPCo), which owns and operates the plant,
and the Detroit Edison Company. It is located on the east shore of Lake
Michigan, about 5 mi south of South Haven, Michigan, and about 16 mi north of
Benton Harbor, Michigan. The plant's Unit 1 is a pressurized light-water
moderated and cooled nuclear reactor, commonly designated as a PWR. T'e plant
was designed to produce 2650 MW of heat and 845 MW of net electrical power.

Combustion Engineering, Inc., designed and supplied the nuclear fuel
system ana the nuclear steam supply system (NSSS), which includes the reactor

vessel, steam generators, pressurizer, and pumps, plus auxiliarv system



components, instrumentation, and the reactor protective system. This NSSS was
the first supplied by Combustion Engineering. Bechtel Corporation and its
affiliate, Bechtel Power Company, designed and supplied the remaining plant
Structures, systems, and eguipment. Bechtel Corporation actually constructed
the entire plant, including the NSSS, for which Combustion Engineering gave
technical advice. Westinghouse Electric Corporation supplied the
turbogenerator.

The Atomic Energy Commission issued Construction Permit No. CPPR-25 to
CPCo on March 13, 1967. Provisional Operating License No. DPR-20 was issued
on March 24, 1971. CPCo filed for a full-term operating permit on January 22,
1974.

a4 Seismic Categorization

According to Appendix A of the Pinal Safety Analysis Report (FSAR),®

the plant equipment and structures were categorized in one of three seismic

classes:

e Class 1: those structures, systems, and equipment whose failure could
cause uncontrolled release of radioactivity, or those essential for
immediate and long-term operation following a loss-of-coolant accident
(LOCA) .

e Class 2: those structures, systems, and equipment that can sustain
limited damage without endangering safe shutdown of the NSSS following
a reactor trip .¢ normal shutdown. The failure of Class 2 items could
not result in the uncontrolled release of radicactivity,

e Class 3: those structures and components whose failure would not
result in the release of radiocactivity and would not prevent reactor

shutdown, but may interrupt power generation.

Note that these classifications differ from those in Regulatory Guide 1.29,7

which was issued after the cesign of Palisades.



1.2.2 Equipment and Structures

Inherent to the design of a PWR, a closed-cycle reactor, are four
barriers that prevent fission procducts from reaching the environment:

Fuel matrix.
Fuel cladding.
Reactor vessel and coolant loops.

Reactor containment building.

The reactor core comprises uranium dioxide pellets enclosed in Zircaloy tubes
with welded end plugs. Two closed reactor coolant loops, connected in
parallel to the reactor vessel, constitute the reactor coolant system (RCS).
Each loop has two reactor coolant pumps and a steam generator.

The reactor containme t building is a post-tensioned, prestressed
concrete cylinder and aome structure. The walls are prestressed vertically
and circumferentially, and the dome is prestressed with three groups of
tendons o-iented at 120° to each other. The containment building is
cescribed in more detail in Sec. 4.5.1. The structurally independent
auxiliary and turbine buildings are located to the north and west of the
containment obuilding (Fig. 1-1). They are described briefly in Secs. 4.5.2
and 4.5.3, respectively. A schematic plan view of these three major

structures is shown in Fig. 1-2.
1.3 ORGANIZATICN OF REPORT

The report has six chapters. Chapter 2 is a summary of the overall
assessment of the ability of Palisades t resist the stipulated SSE event.
Included is an evaluation of the sigr icance of any identified deficiencies
or areas that may require further study. Chapter 3 contains a description of
the general basis for reevaluation of structures and equipment. Chapter 4
includes a presentation of the original facility seismic design methods,
models, ana criteria for structures, eguipment, and piping; it also summarizes
the available original calculated seismic responses. Chapter 5 contains a
compar ison of the seismic loadings and responses for which the facility
structures were originally designed with corresponding seismic loadings and
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respunses derived using techniques tnought more realistic in light of current
knowledge, Chapter 6 uses the in-structure response spectra generated in
Chapter 5, as well as other available infurmation, to evaluate the capability
of mechanical and electrical eguipment and of fluid and electrical
diviripution systems to resist seismic loads and to perform their necessary

safety functions.
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CHAPTER 2: SUMMARY AND CONCLUSIONS

Within the limited scope of this reevaluation, we examined typical
structures, equipment, components, and systems individually, to

® Assess the adequacy of the existing plant to function properly during
and following an SSE.

® Qualitatively judge the overall factor of safety with regard to
seismic resistance.

® Make specific recommendations on upgrading or retrofitting, as

appropriate.

2.1 STRUCTURES

We evaluated the containment building (and its internal structures) and
the auxiliary building to demonstra*e structural adequacy and to obtain
seismic input tc equipment. We alsc reexamined the structural adequacy of
fielu-crected tanks and a typical buried pipe. For the SSE structural
evaluation, a peak horizontal ground acceleration of 0.2 g was used along with
R.G. 1.60 response spectra.

New analytical models were developed for the containment an¢ auxiliary
buildings that accounted for the soil-structure interaction effects of the
layered site. A fairly broad range of soil properties was used to account for
the uncertainties in the so0il characteristics.

For each structural analysis, seismic response loads were atculated and
were compared to the seismic loads used in the design of the structure. Where
the loads based on the reevaluation guidelines were less than those used for
design, the structure was juuged to be adequate wilhout additional
evaluation. Where the recalculated loads significantly exceeded the design
loads or where the original design loads were not available, stress analyses
of the controlling structural elements were conducted. Where the seismic
stresses were found to be low compared to yield, the structure was again
judged to be adequate. For structures with higher stresses, the effects of

structure auctility were included as requirea.



¢.1.1 Containment Building

The loads developed in the containment building for the stiffer soil
conditions exceed those used in uesig\; however, we found the resulting
stresses to be well below yield for both the concrete internal structures and
the containment vessel. Based on relatively low structural damping ratios
consistent with the low seismic stresses, minimum factors of safety of 1.5 for
the internals and 2.1 tor the containment vessel were computed. We conclude
that the containment building is capable of withstanding the 0.2-g SSE.

- S Wy Auxiliary Building

Using a new th. :e-dimensional analytical model, we found that tLhe loads
geveloped in the auxiliary building exceed the original seiumic design loads.
Based on the minimum concrete design strength but neglecting the § factor for
workmanship, our analysis showed that all eleme ts of the auxiliary puilding
structure remain well below yield for the SSE. Tf the § factor of 0.85 is
included, one shear wall at the northeast corner of the building at El 590 ft
is expected to experience light cracking. The auxiliary building is
considered capable of withstanding the (.2-g SSE with no loss of function.

We also considered the consequences of possible interactions between the
containment, auxiliary, and turbine buildings. No structural damage

sufficient to cause any loss of function is predicted.

23:3.3 Field-Erected Tanks

Three field-erected tanks were evaluated for the SSE in terms of SEP
guidelines. These were the T-2 conaensate stcrage tank (CST), the T-58 satety
injection and refueling water tank (SIRWT), and the T-8l primary water supply
make-up storage tank (PWSMST). The T-2 CST and T-58 SIRWT wetre both founa <o
be adequate to withstand the 0.2-g SSE with no stresses above yield. However,
the SSE will produce loaas in the T-81 PWSMST that will stress the anchor
bolts well above yield. FPailure of these bolts is expected to result in taak
wall buckling and pcssible base plate failure, leading to a loss of water. If
this tank is confirmed to be essential for safety, modifications should be

implemented to increase the anchor capacity.
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<.1.4 Underground Piping

We evaluated the auxiliary feedwater line to assess the adequacy of
buried pipes at Palisades. C(onservative assumptions were made concerning the
s0i1l strains exnected during the SSE. Stresses were computed at
discontinuities and at penetrations (where relative motion between structure
and soil could occur), as well as in the straight-run sections. No stresses
above ASME Code allowables were calculated in the auxiliary feedwater line.
Assuming it to be a typical buried pipe, we conclude that critical buried
pipelines will not fail as a result of the 0.2~g SSE.

i. 2 MECHANTCAL AND ELECTRICAL EQUIPMENT, AND
FLUID AND ELECTRICAL DISTRIBUTION SYSTEMS

As discussed in Chapter 6, typical mechanical and electrical equipment
components were selected for review in large part on the basis of the judagment
ana experience of the SEP seismic review team comprising the authors and
certain SSRT and NRC staff members. The uocumentation that exists regarding
the origine' specifications applicable to procurement of equipment, as well as
documeiitation concerning qualification of the equipment, varies greatly. In
some cases the qualification for an item of equipment is quite specific,
whereas in other cases the qualification pertains only to a class of equipment.

Because we lacked essential seismic design and qualification data, our
review of tne seismic design adequacy of mechanical and electrical equipment
is incomplete. Additional data in the form of analysis or test results must
be develioped before cefinite conclusions can be drawn. Therefore, based upon
the design review and independent calculations made for this reassessment, we
were unable to contirm the capability of the following mechanical and
electrical components to withstand the 0.2-g SSE without loss of structural

integrity and required safety function:

Essential service water pump: aqesign details unavailable.
Auxiliary feedwater pumps: design details unavailable.
Diesel generator oil storage tanks: no evaluation performed because
of lack of information.
e Safety injection tank: additional analysis of support structure

required,

10
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Motor~operated valves: further analysis needed.

Control rod arive mechanism: further analy.is required to ensure
active function.

Steam generators: design details unavailable.

Reactor coolant pumps: dJdesign aetails unavailable.

Reactor vessel supports and internals: design details unavailable.
Battery racks: lateral bracing siiould be replaced or strengthened,
Motor control centers: design details unavailable.

Switcngear: confirmation of anchorage design details necessary; other
design details unavailable.

Control room electrical panels: licensee to verify seismic design
agequacy .

Transformers: end units should be securely anchored; other aesign
details unavailable,

Electrical cable raceways: analysis of support systems needed.

PIPING

Pending completion of the final piping analysis report, only preliminary

results are available. Portions of four piping systems were analyzea.

Throughout, it was assumeq that suitable stress analyses of the supports and

Supstructure were pertormed for the original loads. In addition to the

conclusions below, concern was expressed abtout the adequacy of pipe wall

thicknesses ror certain pipe sizes.

Residual heat removal system. Seismic stresses in the piping were
found to be well within allowable limits; however, support and anchor
loads based on the SEP acceptance criteria are generally higher than
those aetermined in the original analyses. Further analysis is
warranted. Further consideration should be given to the nozzles,
since the anchor moment loading is significantly greater than the
aesign loading.

Component cooling system. Piping stresses are well within allowable
limits. Support loads were found to be generally higher than
available design loaas; however, no failure is anticipated during the
postulated SSE. Anchor loads determined in the reanalysis were also

11
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generally higher than original loaas. Further cons.deration should be
given to the nozzles in cases where the anchor loads have increased
significantly.

Auxiliary feeawater system (three models, including the steam line to
the P-8B turbine). Reanalysis results tor two portions of the system
show that ASME Code stress limits will be exceeded during an SSE.
Additional lateral and vertical dynamic supports are needed in
sections of the steam line to pump P-8B;, further analysis is necessary
for overstressed support Rcz7C near pump P-BA. Insutficient data were
available for anchor loaa comparisons. Analysis of the third
auxiliary teedwater model showea no excessive stresses; however,
adequate data on original support and anchor loadings were not
available for comparison.

Regenerative heat exchanger letdown. Code allowable stresses will be
exceeced in the piping, primarily wue to a ueficiency in axial and
lateral restraint in a single vertical leg. Insufficient data were

available for comparisons of support and anchor loads,

CONCLUDING REMARKS

Based on the combined experience and judgment of the authors and the

88R1, tne reviews of the original design analyses, and comparisons with

similar items of equipment and components in other more recently designed

reactors, we conclude that

Structures and structural elements of the Palisades facility are
adequate to resist an earthquake with a peak horizontal ground
acceleration of 0.2 g, provided that the anchor capacity of ine T-81
PWSMST is increased (Sec. 5.5.4).

In view of the limited amount of both analysis and test aocumentation,
no definitive statement can be made about the overall seismic design
adequacy of mechanical and electrical equipment or of the piping
3ystems. More data must be developed before equipment seismic design
adequacy can be determined in accordance with evaluation criteria in
this report.

12



We therefore recommend that

e Moaifications be made as necessary to the mechanical and electrical
equipment items listed in Sec. <., to the auxiliary feedwater piping,
and to the regenerative heat exchanger letdown piping; and where
gefinitive conclusions could not be darawn, that additional analysis be
performed.

® All safety-related electrical equipment in the plant be checked for
adequate engineerea anchorage; that is, the anchorage should be found
to be adequate on the basis of analysis or tests employing design
procecuures (load, stress and deformation limits, materials,
tabrication procedures, and quality acceptance) in accordance with a
recognized structural design code.

e A general reconnaissance of the plant be made to identify items that
are (1) overhead or suspenaed, (2) on rollers, or (3) capable of
sliding or overturning. All such items, whether permanently installed
or not, that could disiouge, fall, or displace uuring an earthquake
and impair the capability of the plant to shut down safely should be
upgraged so that they no longer jeoparcize the plant.

13



CHAPTER 3: BASIS OF REEVALUATION OF STRUCTURES AND EQUIPMENT

3.1 GENERAL APPROACH TO REEVALUATION

The seismic reevaluation part of this study centers on

@ Assessment of the general integrity of the reactor coolant pressure
boundary.

@ Evaluation of the capability of essential structures, systems, and
components required to shut down the reactor safely and to maintain it
in a safe shutdown condition (including the capability for removal of

residual heat) during and after a postulated seismic disturbance,
which in this case is the SSE.

To accomplish this level of reevaluation, it is necessary to assess the
factors of safety of essential structures, components, and systems of the
older plant, relative to those designed under current standards, criteria, and
procedures. Such evaluation should help to define the nature and extent of
any retrofitting required or possible to make these plants acceptable, if they
are not already at acceptable levels.

As used in the previous paragraph, the term “relative" is not to be
construed as implying an evaluation basea on the no.m of current criteria,
standards, and procedures, but instead, an assessmant made in the light of
knowledge that led to such a level of design. It would be irrational to
assume that an older plant would consis’ of structures, equipment, components,
and systems that would meet current criteria in every instance; even sG, those
items that do not meet current criteria may be entirely adequate in the sense
of meeting acceptable safety and reliability criteria.

Within the scope of the investigation, it was impossible to reexamine
every item in detail. On the other hand, by examining structures, equipment,
components, and systems individually, it was felt that it would be possible to
assess their adequacy and general factors of safety {.. meeting the selected
SSE hazard. Thereafter, on the basis of an evaluation of the structures,



items of equipment, or systems, as appropriate, it should be possible to
provide

e Judgmental assessment of the adequacy of the existing plant to
function properly during and following the SSE hazard, including
judgmental assessment of the overall factor of safety with regard to
seismic resistance,

e Specific comments pertaining to upgrading or retrofitting as may be
appropriate.

The detailed basis of the reevaluation approach to be followed generally
is presented in Refs. 4 and 5. The specific bases of reevaluation are
described next.

3.2 GEOLOGY, SEISMICITY, AND SITE CONDITIONS

The seismicity information forms the basis for arriving at the effective
peak transient ground motions (acceleration, veiocity, and displacement) for
use in gderiving response spectra, time histories, etc., in the reevaluation,
Thus, one important initial basis of reevaluation is a comparison of the
original seismic design criteria with those selected for reevaluation.
Another important basis for reevaluaticn is the treatment of soil-structure
interaction (SSI). More accurate methods for computing SSI are available
today than were in use when Palisades was designed. This is especially true
of layered sites such as Palisades. Existing soils information was thus used

in the reevaluation.

3.3 STRUCTURES

The first task in examining structures is to summarize the nature and
makeup of the structures, based on knowledge about original design criteria
and information on the as-constructed plant. Also required are summaries of
the gesign analysis approaches employed, including loading combinations,
stress and deformation criteria, and controlling response calculations.

Chapter 4 provides these summaries. In evaluating the seismic design
criteria, it is generally necessary to have information concerning the
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response spectra used coriginally, the applicable levels of damping, and the
modeling approach used in the analyses. Also needed are details of input and
methods of analysis used in designing mechanical equipment, piping, and
electrical system supports.

Thereafter, with the seismic criteria applicable to the reevaluation
known, and with knowledge of other normal loading criteria deemed necessary,
it is possible to estimate the response to the seismic excitation. In some
cases, it may be necessary to carry out new seismic analyses with the original
model or new models, as deemed appropriate.

The final bases for evaluation will involve consideration of many
factors, including the following items.

3.3.1 Response Spectra, Damping, and Inelastic Behavior

One basis for evaluation will be comparison of the original response
spectra with the response spectra applicable to the reevaluation, taking
account of appropriate damping values. The damping values specified in R.G.
1.61. and those recommended in NUR!G/CR-OO%‘ for reevaluation purposes

are summarized in Table 3-1. The reason for permitting higher damping values

TABLE 3-1, Damping values from R.G. 1.61 compared to those recommended for
the SEP evaluation.

Damping (% of critical damping)

R.G. 1.61 (SSE) NUREG/CR-009848
Reinforced concrete 7 7 to 10
Prestressed concrete 5 5 to 7b

7 to 10°

Welded assemblies 4 5 to 7
Bolted and riveted
assemblies . 10 to 15
Piping 2or 3 2 to 3
8Recommended for yield level. cuo prestress left.

blithout complete loss of prestress.
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is discussed in Ref. 4., Although there are limited data on which to base
damping values, it is known that the R.G. 1.61 values are conservative to
ensure that adequate dynamic response values are obtained for aesign
purposes. The lower values recommended in VUREG/CR-0098 are, in most cases,
close to the R.G. 1.61 values. The higher vilues in the NUREG/CR-0098 column
are best-estimate values believed to be average or slightly above average
values for typical structures. It is recommended that these higher values be
used in design or evaluation for stresses at or near yield, and when
moderately conservative estimates are made of the other parameters entering
into the design or evaluvation.

A second basis for evaluation is the level of inelastic response
exhibited by the structures, as measured by ductility fa~tors. It is
recommended in Rcf. 4 that low ductility factors (1.3 to 2) be used for
conservatism and to nelp ensure that no gross deformation occurs in any
critical safety elements. This, in turn, ensures that system ductility is
maintained at a low value. Local inelastic behavior, which arises from
deformation of a number of interconnected elements, may result in larger local
Guctility factors than those predicted at the system level. Ar. assessment of
the local element deformation and its role in system performance needs careful
evaluation and is largely judgmental. Local element ductility should be
permitted in equipment only if it can be clearly demonstrated that functional
ability is not impaired and that a significant margin of strength still

remaing.

33+ 2 Analysis Models and Procedures

The reevaluation also considers the adequacy of the original analysis
models, and assesses the possible effects of SSI, overturning, and torsion.
Analys.c orocedures used in the reevaluation should be in keeping with the
state of the art. 1In general, response-spectrum or time-hidtory analyses are
used unless other reascns dictate other appr-aches more or less sophisticated.

v

L ]
3.3.3 Normal, Seismic, and Accident Loadirgs

L]
*
The loading combinations of particular emportance in the reevaluation

process incorporate normal loadings (dead 1o&d, live load, pressure,
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temperature, etc., «s appropriate) with seismic loadings. Design basis
accident load effects were not considered; however, one criterion examined was
that the reactor coolant pressure boundary be maintained to preclude an
carthguake-initiated LOCA.

3.3.4 Forces, Stresses, and Deformations

A significant aspect of the reevaluation involves assessment of the
reasonableness of the forces (axial an” shear forces, and moments), together
with associated stresses and deformations, used in the original design and
their adequacy in the light of the seismic criteria applicable to the
_eevaluation. This assessment considers effects arising frcm horizontal and
vertical excitation and takes into account the proportion of total effects
attributed to seismic factors. Also, the amount of limited inelastic behavior
that is to be accommodated is evaluated as may be appropriate.

3.3.5 Relative Motions

The reevaluation takes account of the effects of any qross relative
motions that might intfluence piping entering buildings or spanning spaces
between buildings, the effects of tilt, and other interaction effects,

3.4 EQUIPMENT AND DISTRIBUTION SYSTEMS

Of particular importance in the reevaluation process is the assessment of
the adequacy of critical mechanical and electrical equipment, and of fluid-
and electrical-distribution systems. The reevaluation centers on those items
or systems essential to meeting the general criteria described earlier.

A major task of the reevaluation process 1s to identify the critical
safety-related systems and the criteria originally used for procurement and
seismic qualification of equipment. For the systems selected, represe: tative

items or systems were identified on the basis of
e Physical inspection of the facility (where specific items were

identified as possibly having nearly lower-bound seismic resistance).
e Representative sampling.
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After identifying appropriate systems or items, and after ascertaining
the nature of che seismic criteria used during procurement Or qualification,
the reevaluation effort turns to a detailed assessment of the original design
in the light ot current krowledge about equipment vulnerability to seismic
excitation. Specifically, the evaluation involves consideration of the

following items.

3.4:.1 Seismic Qualification Procedures

The initial reevaluation assessment is concerned with the original
seismic qualification of the equipment item or system, in terms of the seismic
test performance (level and extent of testing), or analyses that may have been
made, or both.

3.4.2 Seismic Criteria

The second major aspect of reassessment involves comparison of the
original seismic design criteria with those currently applicable.
Consideration is given to such items as the in-structure response spectra,

dynamic coupling, and dawping.

3.4.3 Forces, Stresses, and Deformations

For those items of equipment for which loads, stresses, or deformations

may be a major factor in design and performance, the reevaluation involves

e Examination of the original loading combinations and analyses.

e JCalculation or estimation of the situation that exists under the
reevaluation criteria. Particular attention is directed to the effec*
of any increase in the seismic component of load, stress, or

deformation.

3.5 MISCELLANEOUS ITEMS

In a subsequent step of the reevaluation, it may be appropriate to
evaluate such items as sources of water for emergency core cooling and to

19



assess whether or nc ...v potential problems could occur with regard to dams,

intake structures, coolir~ water piping, etc.

3.6 EVALU/ .. OF ADEQUACY

On the basis of the reevaluation assessments made as a part of the
foregoing studies, an overall evaluation of the adequacy of the critical
structures and representative equipment items and systems is made. Such an
evaluation takes into account judgmental or factual assessment of the factor
of safety, as the case may be, and consideration of the adequacy of incd‘vidual

items in a system in terms of overall system performance.
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CHAPTE' 4: PREVIOUS SEISMIC ANALYSES

4.1 INTRODUCTION

This « ~ter presents the original seismic design criteria for
pPalisades. The seismic loadings and allowable stress criteria for Class 1
structures, equipment, and piping are defined, and the calculated seismic
responses of critical structures are described. The data presented in this
chapter are used to define the design basis and to form Lhe basis for
comparison with SEP acceptance criteria in Chapters 5 and 6. Most of the
information has been drawn from the !‘SAR;6 detailed references are given

later, in the sections describing the individual analyses.
4.2 DESIGN EARTHQUAKE MOTION

pPalisades was designed for an operating basis earthquake (OBE) with a
peak ground acceleration (Am) of 0.10 g and for a safe shutdowr earthquake
(SSE) with an Anx of 0.20 g. (The OBE values are called "design earthquake
loads" in the FSAR, and SSE values are called "maximum credible earthquake"”
values.) The "ertical comwonent of acceleration, when considered in the
dynamic analyses, was assumea tO be two-tr.rds of the horizontal component.

Response spectra for structural des.gn were developed from spectra in
Ref. 9. Several acceleration ._ectra--including Taft 1952, Olywpia 1943,

El Centro 1934, and El Centro 1940--were normalized to Amax = 0.33 g,
combined, and smoothed, then p.otted on tripartite graph paper. The resulting
response spectrum was multiplied by appropriate scaling factors, corresponding
to the OBE and SSE accelerations. The results were the design spectra shown
in Figs. 4-1 and 4-2. In-structure spectra developed from the Taft record
alone were also used in several equipment analyses. Figure 4-3 compares the
ground response spectrum from the Taft earthquake to the smoothed design
spectrum for 4% damping.
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FIG. 4-1. Seismic response spectra used for the OBE ana.yses of Palisades,
for various levels of damping (from FSAR, Appendix A).

22



100

o Ot L e 0 T S IS AN DT . P G
e %
so P & . /]
0.0 %
4 P ) 2 Y
3 0,5"’0—\\
\0 \ ,o

7 17 < 1
4
-~
[
N
&
1

Y

10%

Velocity (in./s)
o

I
1

1.

P
P
& -
0.
N
, L 5. SR [, A WER L o S
0.01 0.02 0.05 0.1 0.2 05 1 2 5 10

Period (s)

FIG. 4-2. Seismic response spectra used for the SSE analyses of Palisades,
for various levels of damping (from FSAR, Appe.dix A).

23



100 T X T XTXT 7T X1
50
~ Taft record
20
o
O /\2>/<:
' 0. Y &

Housner
a (4% damping)

Velocity {in./s)

0.1 INZ D A AN D ANE N
01 02 05 1 2 5 10 20 50 100

Frequency (Hz)

FIG. 4-3 Ground response spectrum from the Taft 1952 earthquake, compared to
the SSE response spectrum for 4% damping (from Ref. 10).

4.3 SEISMIC ANALYSIS

Table 4-1 is a list of the Class 1 systems at Palisades, showing the
seismic analysis method by which eac! was evaluated. 1In tane brief
descriptions of these analysis methods that follow, the emphasis is on the
general characteristics of each method. Later, in the more detailed

descriptions of the individual analyses, note will be taken of applicable

details.



4.7.5)

TABLE 4-1. Seismic analysis methods vsed to evalua e Class 1 systems.
Item Type of analysis Model
Structures:
Containment building and Response spectrum Lumped mass and beam
internal structure
Auxiliary building Response spectrum Lumped mass and frame
Turbine ouilding Response spectrum Lumped mass and beam
Electrical penetration Response spectrum Lumped mass and beam
enclosure
Intake structure and auxiliary Equivalent static Unknown
feed pumps enclosure
Piping and equipment:
Flexible piping Response spectrum Lumped mass a.d beam
Rigid piping Equivalent static Lumped mass and beam
Reactor internals Unknown Unknown
Control rod drive mechanism Unknown Unknown
Spent-fuel storage racks Response spectrum Lumped mass and grid
Other major equipment Equivalent static Unknown
Other equipment Several (see Sec. Unkrown

4.3.1 Methods of Analysis

4.3.1.1 Dynamic Methods

Dynamic response-spectrum analyses, using the smoothed response spectra
shown in Figs. 4~1 and 4-2, were performed on the containment building (with
its internal structure), the auxiliary building, the turbine building, and the
electrical penetration enclosure in the containment.
analyses based on floor spectra derived from the 1952 Taft earthquake record

Response-spectrum

were performed on all flexible piping systems and several pieces of Class 1

equipment.
storage racks considered only horizontal motion.

The dynamic structural analyses and the analysis of the spent-fuel

(For the structures,
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horizontal cesponses were then combined with responses to stat.c vertical
loads in calculating the stresses. In the analysis of the spent-fuel storage
racks, the vertical and horizontal stresses were combined by tne
square-~root-of-the-sum-of-the-squares [SRSS] method.) Each piping system was
analyzed twice, once for each principal direction of horizontal excitation; in
each analysis, vertical excitation was applied simultaneously. The stress at
each point was taken as the maximum obtained from the two analyses,
Information is unavailable for the dynamic analyses of Class 1 appendages.
Proprietary Bechtel computer programs were used for most of the dynamic
analyses. The spent-fuel storage racks were analyzed using the STARDYNE code.
Floor response spectra were generated from time-history analyses. The
input was the record of the 1952 Taft earthquake. The floor spec‘ra were
smoothed using straight-line segments, so that the peaks were broadene ! at the
natural frequencies of the corresponding structures. A typical floor spectrum

is shown in Fig. 4-4. Such floor spectra were used either as the basis for
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FIG. 4-4. Floor response spectrum (OBE, 0.5% damping) for the 646-~ft level of
the containment building (from Ref. 11).
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dynamic analyses or as the source for accelerations to be used in static
analyses. For piping or equipment between two or more floor levels, the floor
spectrum for the level immediately above the center of mass was used.

4.3.1.2 BEquivalent-Static Metho.

The equivalent-static method depends on seismic coefficients (in g's} to
obtain static lateral forces for structural cvesign. The forces ave simply the
products of the seismic coefficients and structural weights. In the analysis
of Palisaces, the coefficients used for rigid piping and for er oment were at
least equal to the peak floor accelerations. In lieu of a dynamic analysis,
some Class 1 piping was designed for a hurizountal static load equivalent to
the peak of the horizontal spectrum, combined with two-thirds of this peak
value applied vertically.

4.3.2 Damping

Damping values specifiea for the design of Palisades are given in
Table 4-2, along with Jimoing values for various Class 1 1tens.6'12 The

values accoint tor both structural camping and, where applicable, so1l damping.

4.4 STRESS CRITERIA

Stresses resulting from the 0.10-g OBE excitation, in combination with
stresses imposed by ncnseismic loaas, were held to coae-allowable levels. In
addition, it was required that yield stresses not be exceeded during a 0.20-g
SSE. The load combinations used in the uesign, compiled from the FSAR and
Ref. lZ, are listed in Table 4-3. (Revised stress criteria recently submitted
by the licensee are currently being reviewed by the NRC.)

The loading combinatiors designated as "design loads" for the containment
building were the basis of a "working stress" cesign. Stress criteria were
generally those of ACI Code 318-63.13 with the exceptions outlined in
Appendix B.l of the FSAR. Other loading combinations for the containment
building were designated ¢ “7ield loads." These combinations include

factored ioaus, which retlc -» evaluations as to the lcads most



TABLE 4-2. Damping values used in the design of Palisades.

% of critical damping

For OBE For SSE

itructural types:

Welded steel-plate assewi. ies .0 1.0
Welded steel-frime structures 2.0 2.0
Bolted steel-frame structures 2.0 2.0
Concrete equipment supports on 2.0 2.0
another structure

Reinforced concrete structures 5.0 7.5
on soil

Prestressed concrete structure - -
on soil

Steel piping 0.5 0.5

Class 1 items:

Containment building and --2 -t
internal structure

Auxiliary building a® -
Turbine building Unk Unk
Electrical penetration enclos're Unk Unk
Flexible piping 0.5 0.5
Spent-fuel storage racks 4.0 7.5
Class 1 appendages Unk Unk

3The final analysis of the containment building and intecnal
Structure used the following values for damping: structural
damping--2% (OBE) and 5% (SSE); soil damping--5% (OBE) and 10%
(SSE); and composite modal damping--58% (OBE, modes 1 and 2), 2%
(OBE, modes 3 and 4), and 7.5% (SSE, all modes).

OThe OBE analysis of the auxiliary building used 5% damping
for modes associated with reinforced concrete structures and
0.5% damping for modes associated with steel structures. SSE
responses were inferred from the OBE results.
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TABLE 4-3. Summary of original load combinations and allowable stresses.

Load combi mﬂ:io::ms‘l

Design criterion

a. D+ F + 1.15p
b. D+ F +P + th
c. 1.05D + F + 1.5P + TA

d. 1.05D

+
o]

+ 1.25P + 1.25E + Ta

e. D+F+P+E'+TA

. D+L+ R

S.. DY R4+ R

Containment building

temperature gradient through the wall and to expansion

Design loads (see text). Thermal loads are due to the
of the liner.

| Yield loads (see text). Thermal loads as above.

e

Containment internal structure

Allowable stresses specified in ACI Building Code, ACI
318-63 (Ref. 13), or AISC Manual of Stee' Construction,
6th ed.

Stresses to be less than 133% of (a) above.

Local yielding allowed, but not to interfere with safe
shutdown.

continued

aapbbreviations are explained at the end of the table.
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YABLE 4-131 continuea.

Load acombinations

Cesign criterion

1.25D + F. + 1.25E

1.25D + 1.258 + 1.25E

1.25D + 1.25H + 1.25W
D+R+ B

D+H+BE'

D+ E'

D+R+E'

Other Class 1 structures

Stresses limited to yield strengths of the effective
load-carrying structural materials, reduced by an
appropriate yield capacity reduction factor. Yield
strength for steel was taken from ASTM specifications.
Concrete structures were designed for ductile behavior
wvhenever possible.

Same as above, except if the dead load decreases the
total stress, 0.9D was used in place of 1.25D.

Same as (b) above,
Same as (a) above.

Same as (a) above.

Reactor internals

Stress criteria of Sec. 111, ASME Boiler and
Pressure Vessel Code, Article 4.

Small amount of yielding permitted.

Permanent deformation is permitted.
continued
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TABLE 4-3 continued.

Lo~d combinations

Design criterion

a. D+ L

b: D+ B

C. D+E+ T,

d. D+ E' + T,

e. D+E+ Ty

f. D+ E' + Ty

g. D+'rh+stuck fuel

h. D+ T, + fuel assy drop

a. MOL - PIT + E
b. MOL + MIT + E

c. MOL + MIT + E'

Spent-fuel racks

Allowable stress.

Allowable stress.

1508 of
1608 of
160% of
170% of
© 1608 of

160% of

allowable

allowable

allowable

allowable

allowable

allowable

stress.

stress.

stress.

stress.

stress.

stress.

Other Class 1 systems and equipment

Appliceble code-allowable

Minimum yield stress at appropriate temperature.

stress.

110% of minimum yield stress at appropriate temperature.

continued
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TABLE 4-3 continuec.

Abbreviations:

D

a =

t’ﬂoﬂﬁg'v

Dead loads of structures and equipment, plus any other permanent loading that contributes to
stress, including hydrostatic or soil loads. In addition, a portion of the live load was added
when it included items such as piping, cables, and trays suspended from floors. An allowance was
made for future additions to the permanent load.

Design earthquake load (equivalent to OBE).

Maximum earthquake load (equivalent to SSE).

Effective prestress loads.

Force on the structure due to the thermal expansion of pipes under operating conditions.
Live loads.

Maximum normal operating load, including design pressure, design temperature, and piping and
support reactions.

Maximum thermal transients during emergencies such as full-power reactor trip, turbine generator
trip, loss of auxiliary power, and the design accident.

Design accident pressure loads.

Normal thermal transients such as those associated with start-up, shutdown, and load swings.
Force or pressure on the structure due to the rupture of any one pipe.

Operating thermal loads.

Thermal loads due to the design accident.

Wind load.



subject (o variation and most critical to safety. The stress criteria for the
yield loads were based on the yield and ultimate stress values of ACI Code
318-63 and the appropriate ASTM specifications. These allowable stress limits
were reduced by appropriate yield capacity reduction factors (¢ factors) to
account for "small adverse variations in material strengths, workmanship,

dimensions, control, and degree of lupc!V1lion.'13

4.5 SE1SMIC ANALYSIS OF STRUCTURES

This section presents the results of analyses used in the original design
and is the basis of comparisons in Chapter 5 with SEP acceptance criteria.
The original cesign analyses were not verified as part of this program.

4.5.1 Containment Building and Internal Structures (FSAR, Secs. 5.1.%,
5.1.3, and 5.1.9; FSAR, Amendment 14, answer to question 5.10; FSAR,
Amendment 15, answers to questions 5.8, 5.20, and 5.21; Ref. 12,

answer to guestion 2.A)

The reactor containment building, which houses the NSSS, is a vertical,
cylindrical, reinforced concrete structure (Fig. 4-5). 1Its inside diamete- is
116 ft, and its inside height is 189 ft. Containment walls are 3.5 ft thick,
the uome is 3 ft thick, and the base slab thickness varies between 8 and
13 ft. The containment building was the first in the United States to be
post-tensioned with fully prestressed walls and dome. Each of the 845
tendons, stressed to about 800,000 lb, comprises ninety l/4-in.-diameter,
high-tensile steel wires, The building was designed to withstand the internal
pressure (55 psig at 28301') that would result if the largest primary pipe
ruptures. A 1/4-in. carbon-steel liner plate on the inside surface ¢f the
containment concrete ensures leak tightness.

The primary structures inside the containment building afe the suppoits
for the reactor vessel and steam generators, and the walls and slabs
surrounding the steam generators and primary loop piping.

Three separate seismic analyses were perfc-med on the containment
building and internal structure, each analysis reflecting the stite of the art
and the design requirements at that stage in the engineering process.

In early 1967, during the preliminary design stage, the containment shell
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was modeled separately from the internal structure as a single-stick,
lumped-mass . fixed-base model (Fig. 4-6). The response-spectrum technique was
used to generate modal responses that were added absolutely to get the
structural responses. The forces so generated were used in the structural
design of Palisades. Figure 4-6 shows the response envelopes for this OBE
analysis, which used 2% structural damping.

Later, soil-structure interaction {SSI) was included in a model of the
containment (Pig. 4-7). This modified model incorporated translational soil
springs and offset vertical springs to account for rocking stiffness. The
mass of the internal structure was lumped at the base of the containment.
This model was analyzed by the response-spectrum technique, and the modal
responses were combined by the SRSS method. Damping was 4% for the OBE
analysis and 7.5% for the SSE analysis for all modes. The results shown in
Fig. 4-8 were reported in Sec. 5.1.3 of the FSAR.

(a) (b)

5.2
16.73 L= : 5.20
P
7.39 L2 6.40 2.27
7.3 122 7.20 4.54
7.39 L 8.08 7.09
7.39 ‘r_Q.OSO 8.62 9.59
\10.99
777777
Weights in 10° kips Inertial force (10° kips) Sonear (103 kips) Moment (10° kip-ft)
FIG. 4-o. (a) Preliminary single-stick model of the containment shel! - 'h

noce weights; (b) inertial forces, shear envelope, and moment envelope from an
OBE analysis of the preliminary model (from Ref. 12)
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16.73

£

—

7.39

37 f1 £ =550 ¥ 103 kips/in.?
739 G=235x10° kips/in. <

, 1=484x10"in?

- A=189x10%in?
7.39

37 ft
7.32

-

4191t Ky, = 1.54 X 10° kips/in.

42514
: (1 400 W\/\f

Ky = 0.57 x 10° kips/in.

fo— 120 ft —=i

FIG. 4-7. Mathematical model used in the second analysis of the containment
building (from FSAR, Sec. 5.1.3). The mass of the internal structures is
Lumped at the base of the model. Weights are given in 103 kips.

4 B3
=y 482

.21
- ‘ 6.05 2.13

1.21

s 6.59 4.44

1.31

e - 6.46 ‘ 6.94

1.
RE_ 7.26 9.46
1830 '“’ 16.10 10.33
Inertial force (103 kips) Shear (107 kips) Moment (10° kip-ft)

FIG. 4-8. Response envelopes from a response-spectrum analysis using the
moael of Fig. 4-7 and an OBE of 0.1 g (from FSAR Sec. %:X:3)»

36



In June 1969, the third and final seismic analysis was completed. Both
SS1 and coupling effects between the containment shell and the interna.
structure were included in a two-stick model (Fig. 4-9 and Table 4-4), which
was analyzed by the response-spectrum technigue. Responses of the first four
modes (illustrated in Fig. 4-10) to OBE excitation were combined by the SRSS
method to produce the envelopes shown in Fig. 4-11. Other details of the
analysis are presented in Amendment 15 to the FSAR and in the response to
question 2.A in Ref. 12. Amendment 15 states:

This combined system produced lower forces on the containment building
than were produced by the single-branch model of the containment used for
aesign purposes. The design seismic forces on the containment building
are therefore conservative.

This third model was also used to generate the in-structure response spectra
for equipment qualification, as discussed in Sec. 4.3.1.1.

Elevation, ft
765

Containment
vessel

721.25

649
646.25 Concrete
internal
structure
2
608.76 —
11,7898 ., = 1.54 x 108 w/in.
590 oS
Ky 3" 133Ky =057 x 108 ib/in.

-, 120 ft -~

PIG. 4-.. Two-stick, lumped-mass model of the containment building and
internal siructure (from FSAR, Amendment 15).
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/
Q
Mode 3 Mode 4
12.958 Hz 20.284 H;

FIG. 4-10. Principal mcae shapes for the two-stick containment building model
shown in Fig. 4-9 (from FSAR, Amendment 15).

38



TABLE 4-4. Member properties of the two-stick containment building model
shown ir Fig. 4-9 (from FSAR, Amendment 15).2

Member A, £t Ay £t2 1,, £t4 103 :ip/ttz 103 s;p/ftz
1-5 1,310 874 2,340,000 792 338
6 1,429 814 833,513 576 246
7A 1,451.2 865 465,209 576 246
7B 1,188.7 811 384,312 576 246
8 1,376 865 335,503 576 246
9 -1 278,000 185, 000 9,999,999 792 338
12, 13 10.0 6.67 100.0 683 -
14 10.0 6.67 100.0 1,840 --

aA\t:obreviat:iorxs: A, shear area; I , moment of inertia; E, modulus of
elasticity; G, shear modulus. .

/ 0.205

Containment

0.148

0.112

Internals
0.126
1 0.099

0.120
40.109

0.119
- 0119 0.119

Accieration (g)

3433

4506

5232

319,060

809

)
5667 514,540
1700 21,854
-724,7
5890 281 24,720 e
Shear in base slab 9428 859,580 93,620
Shear (kips) Moment (kip-ft)

FIG. 4-11. Response envelopes from an OBE response-spectrum analysis using
the model in Fig. 4-9 (from Ref. 12).
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The containment was analyzed for axisymmetric and nonaxisymmetiic loads.
The axisymmetric loads--dead loads, pressure and thermal loads associated with
an accident, and the prestress lcads--were calculated using the FINEL code and
an axisymmetric, finite element model of the ccatainment that neglected
buttresses, penetrations, brackets, and anchors.12 Loads arising from these
nonaxisymmetric features, seismic and wind loads, and concentrated loads were
all considered in the nonaxisymmetric analysis described in Sec. 5.1.3.2 of
the FSAR. Seismic loads were larger than wind loads in all cases. The
resultant stresses are documented in Table 5-1 of the FSAR.

4.5.2 Auxiliary Building (FSAR, Sec. 5.2; FSAR, Amendment 15, answers to
guestions 5.8 and 5.16; Ref. 11, answer to question A.l; Ref. 12,

answer to guestion 2.C)

The auxiliary building comprises a reinforced concrete system of
interconnecting floors and walls to an elevation of about 649 ft, above which
rise structural steel framing and attached nonstructural walls. The building
is constructed on a mat foundation. Two two-dimensional models of lumped
masses and beam elements were developed for the auxiliary building--one each
for the north-south and east-west directions (Figs. 4-12 and 4-13). At the
base of the structure, as for the containment building, offset vertical
springs a.1 translational springs simulate SSI. Detailed model properties are
tabulated in Ref. 1l.

Stiffness coefficients at the mass locations, which were determined from
the model properties, were input to a Bechtel code that calculated system
frequencies and mode shapes. The mode shapes and materials were evaluated to
determine OBE modal damping values--0. 5% for modes associated with steel
portions of the structure and about 5% for those associated with reinforced
concrete portions. The latter value accounts for the effect of soil damping.

An OBE analysis of both models, using the response-spectrum technique,
resulted in the maximum structural responses shown in Fig. 4-14. Mcdal
responses were combined by the SRSS method. SSE responses wec.e calculated by
doubling the OBE values--a simple method that produced -onservative values
because of the lower OBE damping.

Torsional effects, which arise from the asymmetry of the building, were
considered in the design by distributing design horizontal loadings (obtained
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Elevations:

695 8" | Mass Weight
pt. (kips)
689’ 10"
5N | 7.430
384 2 3260
670" 3 10,788
s 4 13639
674°6" 5 6677
669’ 6 2307
. 7 180
664 8 120
659"
654"
649"
640’
624"
610"
601°
589° - O—=- W
é !
| |
579 ‘ , l
-50’ -11.5 0 11.%' 50° 60’

FIG. 4-12. Mathematical model used in the analysis of the north-south seismic
response of the auxiliary building (from FSAR, Amendment 15).

from the decoujled seismic system analyses) in accordance with the actual
shear-wall rigidity calculation.

No dynamic coupling was considered between the auxiliary and turbine
buildings because the connections between them at the mezzanine and operating

floors were designed with slotted bolt holes to provide a 3-in. gap.
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FIG. 4-13. Mathematical model used in the analysis of the east-west seismic
response of the auxiliary building (from FSAR, Amendment 15).
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0.092
0.440
0.090 4.1
1.617
0.0t8 298
3.734
0.085 82.0
5.220
0.084 129.0
5634
0.083 - 196.5

Shear in base 6.555

Maximum displacement (in.) Shear (103 kips) Moment (103kip ft)

FIG. 4-14. Maximum displacement, moment, and shear envelopes for the
auxiliary building (from FSAR, Amendm¢< * 15). Each is a composite of the
north-south and east-west seismic analyses, showing the maximum value
calculated at nodes 1 through 6.

4.5.3 Turbine Building (FSAR, Sec. 5.3.1; FSAR, Amendment 15, answers to

questions 5.8, 5.16, and 5.21; FSAR, Amendment 17, answer to question

8.0; Ref. 11, answer to question A.l)

The turbine building (Fig. 4-5) is a steel-frame building with insulated
siding. Within the building, reinforced ccacrete enclosures house CL._ss 1
equipment. The building was analyzed for SSE excitation (Aulax = 0.20 g)
using the response-spectrum technique. The building was modeled only for the
less-rigid east-west direction; the model was a system of lumped masses and

stiffness coefficients. Three cases were analyzed:
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® Case 1. The turbine building frame was considered to be restrained
solely by its tie to the auxiliary building--by encasemert of the
secondary columns of the frame in the auxiliary building wall. It was
concluded that this tie will not cause failure of the auxiliary
building wall or the roof over the turbine building auxiliary bay.

e Case 2. The turbine building was considered to be a rigid frame,
supported at the ground-floor level and unrestrained at the
operating-floor level. Maximum frame deflection at the 625-ft
elevation was calculated to be 3.4 in., enough to close the 0.75-in.
gap between the turbine generator pedestal and the operating floor and
to cause the pedestal to act as a restraint. This closure
necessitated analysis of the third case.

e Case 3. The turbine generator pedestal was treated as a restraint to
the building frame at the operating-floor level. It was concluded
that the resulting lateral force would not affect the pedestal.

In all three cases, the crane was assumed to be unloaded and located at
any bay of the turbine building. Mode shapes from the three analyses indicate
that the crane support columns move in the same direction and have a maximum
deflection of 2.75 in. at the roof. Based on the uniform movement of the
columns at the crane rail and the fact that column stresses are below those
allowed, it was concluded that the building will not collapse and that the
crane bridge and trolley will remain in place.

In addition, steps were taken to ensure *ha. the 2.75-in. deflection
would not close the gap between the turbirne and auxiliary buildings, inducing
additional forces that would have to be borne by the concrete shear walls of
the auxiliary building. Section 5.3.1 of the FSAR states:

The results of the turbine building dynamic analysis for the 0.2-g
earthquake showed that the auxiliary building floor slab would be
overstressed due to the direct connection of the turbine building girders
to the auxiliary building wall columns and the large openings in the
auxiliary building floor slab. The overstress condition has been
eliminated by cutting the associated turbine building girders, providir
vertical supports with sliding surfaces at the girder cut points, and
providing a 3" gap between the girders and the auxiliary building wall
columns. The 3" gap is greater than the seismic displacement of the
turbine building at the 625-ft elevation.
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The earthquake-induced detlection would also close the gap between the
turbine building and the intake structure on the west side of the turbine
building. However, at the level of the intake structure roof, the predicted
deflection is less than 2.75 in. The intake structure walls can absorb the
induced stresses without exceeding 85% of the yield stress.

4.6 SEISMIC ANALYSIS OF PIPING (FSAR, Secs. 4.3.6, 6.1.2, 9.1 through 9.4,
9.7, and 10.1; FSAR, Amendment 15, answers to questions 5.4 and 5.8;
Ref. 12, answers to questions 2.F and 2.G)

The following piping systems were considered in the original seismic
analysis:

Primary coolant piping.
Safety injection system piping.
e Steam and power conversion system piping. Only part of this system
was designed to Class 1 requirements.
Service water system piping. Only part is Class 1.
Reactor primary shield cooling system piping.
Component cooling system piping. The portion of the system outside
containment is Class 1.
e Fuel pool cooling system piping.
Auxiliary feedwater system piping. Only part is Class 1.

Large piping, having an inside diameter greater than 3 in., was idealized
as a series of lumped masses separated by elastic members. The massec were
located to represent the dynamic and elastic properties of the system. For
example, all valves, supports, elbows, tees, and other connections were
represented by lumped masses. Seismic responses were calculated using the
response-spectrum method and 0.5% damping. The floor response spectra were
developed as described in Sec. 4.3.1.1. Typically, all modes with frequencies
less than 20 Hz (up to a maximum of 10 modes) were considered. Modal
responses were combined using the SRSS technique.

Smaller Class 1 piping systems were analyzed as rigid systems (defined as
having fundamental frequencies greater than 20 Hz). The rigidiily of these
systems was ensured by permitting no unsupported insulated-pipe spans greatecr
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than those indicated in Table 4-5. Restraints were also placed as near as
possible to bends and concentrated loads auch as valves. Stresses on rigid
systems were then calculated on the basis of static loads corresponding to the
peak acceleration of the appropriate floor.

All static and dynamic piping analyses were carried out twice, once for
each of two orthogonal horizontal excitations. A simultaneous vertical
excitation equal to two-thirds of the horizontal was applied in each case.
Piping between two structures was also designed to withstand stresses imposed
by the maximum different{al movement between horizontal restraints. These
stresses were combined with other seismic stresses by tha SRSS method.
Detailed stress results were reported for only two piping systems: the
auxiliary feedwater system and the main steam line (steam and power conversion
system). The maximum OBE and SSE stresses on each were between 71% and 99% of

allowable values. Stresses on rigid piping were reported to be “relatively
12
low."

TABIE 4-5. Maximum permissible spans
for rigid piping systems (from
Ref. 12, answer to question 2.F).

Piping i.4., in. Span
0.5 473"
0.75 -
1 $*10°
1.5 e
2 g'a"
2.5
3 9'io"
+ 333"
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4.7 SEiSMIC ANALYSIS OF EQUIPMENT

4.7.1 Coatrol Rod Drive Mechanism (FSAR, Sec. 3.3.4 and Amendment 15, answer

to question 5.23)

The control rod drive mechanisms are mounted on flanged nozzles atop the
reac.or vessel closure heaa. Horizontal interconnections provide lateral
stability and restrict the deformation of the control rod shrouds. It was
determined by experiment that a shroud deformation greater than 0.76 in. would
make it impossible to insert the corresponding control rod into the core. A
conservative allowable deformation limit of 0.51 in. was adopted.

Under extreme loading, the shrouds of the first row of control rods were
found to deform more than 0.51 in. Safe snutdown woula not be jeopardized,
however, since all other shroud deformations were within the allowable limit.

&: 2.2 Other Reactor Internals (FSAR, Sec. 3.3.4 and Amendment 15, answers to

questions 5.8 and 5.12)

The reactor internals comprise the core support barrel, the upper guide
structure, and the flow skirt. Among their functions is the transmission of
contrcl roa dynamic loads and other loads to the the reactoi vessel flange.
The method used for analyzing the internals was not clearly specified, but the
input acceleration was given as the acceleration of the concrete mass at the
reactor support. Vertical and horizountal accelerations were applied
simultaneously.

In all cases, the stresses due to pipe rupture were much la.ger than
those due to seismic louas. [’ der extreme loading (D + R + E'; see
Table 4-3), yielding was for ad to occur in the first row of control rod

shrouds. Other stre=~-_ were within allowable limits.

4.7.3 Other Major Class 1 System Equipment (FSAR, Secs. 4, 6.1 through 6.3,
9.1 through 9.4, 9.7, and 10; FSAR, Amendment 15, answers to questions
5.8, 5.34, and 7.7)

The following Class 1 systems were analyzed using an equivalent-static
met hod:

47



e Primary coolant system.

e Safety injection system.

e Containment spray system.

® Service water system,

® Reactor primary shield cooling system.
e Component cooling system.

® Auxiliary feedwater system.

Components were modeled as single-degree-of-freedom masses, and natural
frequencies were estimated from the deflections procucea by known loads.
Based on these natural frequencies, seismic loads were then taken from the
appropriate floor response spectra. In some cases, loads greater than those
indicated by the floor responses were used in the analysis. Vertical and
horizontal seismic accelerations were applied simultaneously. (The aerivation
of the floor response spectra is discussed in Sec. 4.3.1.1.)

No detailed analysis results are availaole; however, all components were
reported to have been conservatively designed to withstand seismic forces
greater than those specifiea. In several cases, seismic loads were
insignificant compared to loads imposea by other postulated accident

conditions.

4.7.4 Other Class 1 Equipmenc

Other Class 1 equipment incluaes:

® Electrical cable conduits and trays (FSAR, Amendment 15, answer to
question 5.6; Ref. 1z, answer to question 2.K).

® Appendages to Class 1 systems, piping, and equipment (FSAR,
Amendment 15, answer to question 5.17).

® Battery racks (Ref. 12, answer to question 2.K).

Detailed analyses of the cable conduits and trays are not available;
however, it is expected that seismic activity would only crack the concrete
encasements of underground wires. The flexibility of the conuuits and wires,
poth above and below ground, ensures that electrical continuity would not be
disturbed. (Since 1971, cable tray supports have been explicitly aesigned to
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resist horizontal seismic ground accelerations of 0.05 g.)

Appendages were analyzed independently of the Class 1 components to which
they are attached; however, their masses wer’ accounted for in the analyses of
the major components. Appendages to Class 1 piping and equipment were
analyzed statically; appendages to major Class 1 systems were analyzed by the
response-spectrum method.

Battery racks were analyzed by the equivalent-static method. For the OBE
analysis, horizontal and vertical seismic accelerations were 0.15 and 0.067 g,
respectively; for the SSE analysis, twice these values were used.

Additional information on the original seismic design qualification of

electrical ¢quipment is summarized in Chapter 6 (Table 6-6).
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CHAPIER 5: REASSESSMENT OF SELECTED STRUCTURES

2.1 IN1TRODUCY ION

In this chapter, the seismic loaus and responses on which the Palisades
structural designs were opased (see Cuoapter 4) ure comparea Lo corresponding
seismic loads and responses derived using SEP seismic evaluation methods.
this comparison is made to icentify tnose structures that essentially meet SEP
seismic criteria and those that need to be investigated further. Seismic
lvadings and responses are examined for the couutainment ana auxiliary
ovuildings, field-erected tanks, and a typical buried pipe. In addition,
seismic uesign luadings are compared to seismic input motion bascd on current
design practice for locations throughout the containment and auxiliary
builaings where equipment and piping are supportea.

Since the completion of the Palisades plant, a number of changes in
3eismic ueoign methous and qualiiication criteria for structures and equipment
have occurred. These changes do not necessarily imply that old seismic
gualification criteria were luadequate, merely that tne criceria are nuw
better defined anu require less interpretation by the designer. The general

trend has oveen to lLucrease

e Allowable stresses for the specified seismic loading function.
® Allowable damping.
e Number of loading condaitions to be considered simultaneously.
® Degree of cophistication to be used in tne analyses.
e Quality assurance requirements.

5.2 DESIGN EARTHQUAKE MOT.ON

In describing the design earthquake motion for a given site, several

items of intormation are required:

® Peak ground acceleration, together with either design ground response

spectra or a uesign time nistory.
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® How and where in the structure tne uesign inputs are specified (such
as at the base slab, in the free field, etc.).
Simultaneous directional components.

Duration or number of strong motion cycles.

This section compares the ground motion parameters specified for Palisaues

with the SEP acceptance criteria.

5.4.1 Peak Ground Acceleration

The regulation currently gc 'erning scismic design of commercial nuclear
power plants is 10 CFR 100, Appendix A.ls It sets forth tne principal
seismic aid geological consideraticns to be used in determining such design
bases as requirements for the OBE and SSE, for peak acceleration levels, and
for design response spectra. As discussed in C.apter 4, Palisaues structures
were designea for an OBE and an SSE with peak ground accelerations of 0.1 and
0.2 g, respectiveiy. A simultanec.s vertical component of earthquake motion
equal to two-thirds of the horizontal component was considered in the plant
uesign.

For this reevaluation, an SSE characterized by a (.2-g peak horizontal
ground acceleration also was employed. Although a probabilistic evaluation of
the seismicity of the Palisades site may justify a lower value, it was
consicered unlikely that a level higher than 0 2 g would be requirea.

Seded Ground Motion Characteristics

In addition to the peak ground acceleration, either a design time history
(or nistories) or ground response spectra are neeced to uetine a uesign
earthquake. Typical current practice is to specify either site~dependent
spectra or, more often, ground response spectra like thcse in R.G. 1.60.16
Tnese latter spectra are pased on the mean plus one stanuard ceviation of
spectra generated from a ceries of strong-motion earthquake records that
incluge horizontal ana vertical components for both rock aind soil sites.
Currently, time-history analyses are based mostly on artificial earthquakes
whose response spectra envelop the smocthed R.G. 1.60 uesign spectra.

Rather than directly compare response spectra for equal damping ratios,
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it is more informative to consiuer also the damping csed in the aesign of
Palisades. Table 5-1 lists the damping ratios used for Palisades, together
with those from R.G. 1.618 for the SSE and those recommended in
NURIG/CR-OOSG‘ for structures at or below the yield point and at
approximately cne~half the yield poir’

In general, the damping ratios used in the aesign of Palisades are lower
than those now in use for SSE aesign analyses. Tne amount of soil damping
allowed by the NRC to be used in conjunction with R.G. 1.61 structural or
component damping values has been the subject of extensive discussion in the
past. However, including any reasonable amount of soil damping results in
nigher damping tor all systems than was used in gesign.

In the original analysis, 7.5% of critical damping was used for the SSE
tor all moces for both reinforced and prestressed concrete sctructures. 1In tne
reanalysis, different values of damping were used for different modes, because
more sophisticated methoas for computing geomecric (radiation) damping in the
soil for layered sites were available. Composite modal damping was used to
account tor the variations between soil and structural vamping. T.e actual
geometric and composite modal damping values used are discussed in Secs. 5.3
ana 5. 4.

In general, the composite modal damping values used in the reanalysis
range from 10% to 20% of critical. To obtain a rough estimate of the expected
variation in response, the original Housner 7.5%-damped ground response
spectrum used tor cesign is shown in Fig. 5-1, Logetuer with the 10% and 20%
(interpolated) spectra from R.G. 1.60. For the median soil case, the
fundamental frequency of the containment cuilding is approximacely 2 Hz. As
is apparent from Fig. 5-1, the response resulting from use of the original
7.5%~uamped spectrum is approximately the same as would be expected if the 20%
R.G. 1.60 spectrum were used for all modes. However, for modes with closer to
10% camping, an increase in response of as much as 50% can occur in the
frequency range of interest.

Apparently, no analysis of buried pipe was conducted during the original
aesign. Also, the incomplete soils uata available do not include any
determination of soil strains expected during the SSE. For the SEP
reevaluation of the buried pipe, the soil strain (ea)‘ax was conservatively
getermined to be approximately 2 x 10-‘ in./in., as obtained from the
relationship
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TABLE 5-1. Original ana currently recommended damping ratios, expressed as percent of critical damping.

R.G. 1.61 NUREG/CR-0098 NUREG/CR-0098
Original DBE Original SSE (SSE) (yield levels) (working stress)
Welded steel-plate 1 1 K 5 to 7 2 to 3
assemblies
Welcea steel-frame 2 2 4 5 to 7 2 to 3
structures
Bolted steel-frame 2 2 7 10 to 15 5 to 7
structures
Loncrete equipment 2 2 7 7 to 10 3 to5
supports on
another structure
Reinforced concrete S 75 7 to 10 2 to 3
structures on ¢ ‘1 (+ soil) (+ soil) (slight cracking)
(+ soil)
Prestressed cuicrete to 5 1+9 5 7 to 10 2 to 3
containment structure (+ soil) (w/ loss of (w/0 loss of
on soil prestress) prestress)
(+ soil} (+ soil)
Steel piping 0.5 0.5 2 to 3 2 to 3 1 to 2
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FIG. »-1. Compurison of origiual 7.5% Housner design spectrum to R.G. 1.60
spectra for 10% ana 20% of critical damping.
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where \)'“ is the maximum ground velocity and Ce is the apparent longitudinal
horizontal propagation speed of the seismic waves with respect to the
structure. NO geotecunic investigation was cunuucteéd Lo uetcrmine the

apparent longitudinal horizontal-wave propagation speea. It was
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conservatively estimated at approximately 4000 ft/s, which accounts for the
proximity to bedrock.

5.3 SEISMIC DESIGN MEIHODS

As previously discussed, seismic analysis methods have changed since the
aesign of Palisaues. Palisades was uesigned for both OBE and SSE conditions;
for the concrete structures founded on soil, increased damping at the SSE
response levels was considered. On the other hand, the conservative OBE
damping values were used for both the OBE and SSE analyses of all other
structures and components.

The ans'ysis of the Palisades structures was conducted using two-
aimensional mocels simulating the N-S and E-W responses. No vertical dynaric
analysis was conducted. Planar 2-D models are adequate to compute the
response of symmetric structures such as the containmeut ouilding; however,
such planar models cannot be used to calculate out-of-plane or torsional
responses, wioich may be signiiicant for such nonsymmetric structures as the
auxiliary building. Current analytical techniques and compute: modeis are
consiuerably more sophisticatea, ana current licensing requirsmeiits would
typically require additional load combinations resulting from other
transients. Because these combinations are unlikely, however, our
reevaluation has concentrated on the original design combinations, with
primary attention devoted to the selsmic margins. Several current assumptions
and criteria are discussed below and compared with those used in the original

aesign and analysis of Palisaces.

5.3.1 Soil-Structure Interaction

The response of the Palisades structures was originally calculated on the
basis of lumped-mass, two-dimensional models of the containment and auxiliary
puilaings. The structural models were supported on frequency-independent
springs representing the soil flexibilities. These soil flexibilities, in
turn, were calculated using elastic half-space theory, assuming a soil shear
moaulus G of 6.4 x 10° ’m/ftZ and a Poisson's ratio of 0.25. How these
values were obtained 1s unclear.

The original design moaels were developea on the assumption of a rigid
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base slab. A horizontal spring simulating the horizoatal soil stiifness was
attached to the base slab, and the rocking stiffness was simulated by two
equivalent vertical springs attached at opposite ends of the slab (Fig. 5-2).
The vertical springs were used only to simulate the rocking stiffness; no
vertical analysis was conducted. Also, no torsional response was computed for
either the containment building or auxiliary building.

Much more sophisticated methods of analysis curreutly exist for the
calculation of SS1 effects, particularly for layered sites such as Palisades.
However, it was deciced that the soils infurmation currently available for
Palisades does not warrant a finite element or frequency-dependent compliance
function analysis as part of the SEP. Rather, a frequency-incepenaent
analysis that included the effects of the layered site was selected as being
consistent with the level ot soils information available, as well as the
sophistication of the structural models. Uncertainties were treated by

consicering a fairly broad range of soil properties.

Elevation, ft
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'] vessel
o] 72125 — ¢
| o)
| | .
2 | 68375 — &
|
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i 622 structure
608.75 — + o
o t_ 808 k., = 154 4 108 ib/in.
5901 TRECE—T v
Ky 32 3Ky =057 x 108 1v/in.

120 1t —

FIG. 5-2. Two-stick, lumped-mass model of the containment building and
internal structure (from FSAR, Amendment 15).
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Among the most useful of the current SS1 analysis methods for layered

17,18 and Luco.19 Both have advantages anc

sites are those of Kausel
uisauvantages when appliea to the Pa.isaues site. Tne original study by
Kausel et a1.17 does not trext vertical response, while Luco's met:od does

wot directly include the etfects of embedment ana leads L0 a frequency-
uependent solution for fairly wide parameter ranges. However, by utilizing
pcth methods and ootaining a check of the parameters that can be computed
incepencently by the two methods, a solution can be obtained that reflects the
layered-site characteristics and is consisteut with tue information available
for the soil.

In calculating the soil spring rates for tiw site, Poisson's ratio was
chusen as 0.45, in accoruance with recommencations in Refs. 20 and 21 for
saturatea sands. A meuian soil shear modulus of 4.38 x 106 lb/ft2 was
calculated using the approach outlinea by Seea and Iuriss22 to account for
the recuction in stiifaess as a function of incrcased soil sihear strain tor
the 0..2-g SSE. The rauius of the containment building base slab is 60 ft, and
tue wepth to uedrcck is approximately 150 ft. An emoedment cepth of 17 ft was
useu 1n the analysis, which corresponds to the depth from grade to tne bottom
of the buse slaou, wut negiects the sloping backtill on cne side of the
structure. In using Kausel's method, only half the ¢mbedment effects were
used in computing the Lorizeatal and rocking spring rates. This accounts for
the fact that a cohesionless soil is unabl2z to develop any significant tensile
capacity. C(racks woula, therefore, be expected co furm betwcen the soil ana
the vertical structure surfaces on the tensile side auring an earthquake in
tue range of 0.2 g. Only the eftects on the compression siae would ve felt.
Similarly, no embedment effects were incluced for the vertical spring rate.
Aiter one or more strung lateral response cycles, cracks between the soil aina
the vertical surfaces could be expected over much of the total area for much
of a vertical respunse cycle. Alwu, since the embedament is relativeliy small,
the coupling that accounts for the interaction between the horizontal and
rUCKing moues was neglecteu.

Table 5-2 presents a comparison of the trequency-indepenaent containtant
puilding spring rates compuied by the varicus techniques. Also siown for
compar ison are the horizontal ana rocking springs used in the original
analysis. 7The norizontal spring rate calculated using Kausel's metuod wituout

17 . A y . . ’
embeumei.t is virtually identical with that computed using Luco's
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TABLE 5-2. Comparison of median-soil spring rate constants and geometric damping values for Palisades
containment building, calculated in different ways.2 The subscripts h, ¢, and v represent horizontal,
rocking, and vertical modes, respectively. Values marked by asterisks were used in the reanalysis.

Original design Elastic half space Kausel Kausel Luco (static)
(no embedment) (no embedment) (no embedment ) (w/ embedment) (no embedment)
Spring constants:
Kpe lb/ft 1.85 x 10% 1.3 x 10% 1.63 x 109 *1.92 x 109 1.63 x 109
kpr, lb-ft/raa 4.9z x 1012 4.58 « 1012 4.85 x 1012 *6.59 x 1012 4.77 x 1012
kys lb/ft - 1.97 x 109 2.89 x 10° 3.25 x 109 *2.87 x 109
Damping constants: P
Dy, ® -- 34 34 34 --
D¢. s - 2.5 1 1 0
Dys & -- 60 - 6 3
’Values——in the four rightmost columns are based, from left to right, on Refs. 21; 17; 17 and 18; and 19.

b5y soil material damping used for all modes.



approacu. ‘The rucking springs aditfer by less tnan 3%. These spring rates are
higher than the values computed using elastic half-space theory. Including
the embedment etfects and a higher Poisson's ratio further stiffens the
system. On the other hand, the lower shear modulus tends to soften the system
compared to the uriginal uesign values. The resulls for the median soil case
are that the horizontal spring rate is approximately 4% higher than that
originally useu, while the rocking spring is about 34% higher. Most of tne
increase is directly attributable to including the embedment effects. The
vertical spring rate used in the SEP reanalysis, calculated using Luco's
methoa (assuming no frequency dependence) as for the horizontal and rocking
springs, is almost identical to that determined using Kausel's nethod.17 To
furtiuer account for uncertainties resulting from the lack of soils information
and the analytical approximations described above, the structural evaluation
of Palisaaes was concucted assuming a +50% variation in the soil shear
modulus. This results in a range of soil modulus values from 30% to 90% of
the low-strain value. 7The extreme soil values and the best estimate are
referred to as the upper- and lower-bound soil cases and the median soil case.

Geome.ric (or raaiation) damping consideraciuns are also very important
in tne solution of SS1 problems. However, such considerations are complicated
by tue layereu-site characteristics at Palisaces: Energy tends to be
reflected from the soil-bedrock interface. The result is significantly lower
damping for some modes than in an equivalent elastic half space. This is
particularly true for the vertical response. In addition, the damping values
tend to be more sensitive to small frequency variations than equivalent
halt-space values.

Depending on the frequency of the system and the stiffness of the
bearock, the damping may be limited to only the internal (material) camping of
the soil; essentially no geometric damping may exist. The geometric damping
values calculated for the Palisades containment building are shown in
Table 5-2. Horizontal and rocking damping ratios of 34% and 1%, respectively,
were calculated in accoruance with Ref. 17. The horizontal aamping
corresponds to the haif-space value, whereas the 1% rocking damping is
sumewhat below the 2.5% for an equivalent elastic hLalf space. Luco's method
indicates virtually no radiation damping for the rocking mode.

For the vertical response, the variation in the geometric damping is much

more pronounced for the layered site, since the underlying bedrock tends to
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reflect most of the elastic wave energy back intc the structure. Tiw vertical

aamping for the Palisades site, as calculated from Kausel's recommended
empirical rclation,lo is 6% of critical. Although none of the cases

analyzed by Kausel corresponds exactly with the Palisades site parameters, the
vertical damping obtained for the case closest to Palisades indicates that the
6% value is conservative. Using Luco's nethod19 and a rigid bedrock
interface, no geometric damping is indicated for the vertical response.
However, when using the actual bedrock properties and an equivalent-static
approach consistent with that used to compute the vertical spring rate, we
obtainea a vertical geometric damping of approximately 3%, (These values may
be compired to the 60% vertical camping fur an elastic half space.) Small
changes in frequency result in very large changes in the calculated vertical
damping for the layerea-site values. Unfortunately, tne limited soils
information available does not permit an exact calculation of the systenm
trequencies. Also, the results of Luco do not include a case for Poissun's
ratio of 0.45. In view of these uncertainties, a vertical geometric damping
of 5% ot critical was used in the reanalysis.

A similar procedure was followed for the auxiliary building, with an
equivalent rectangular base slab in place of the circular base slab used for
the containment building. Table 5-3 shows the soil spring rates and geometric
damping values calculated for the median soil case. No embedment exists for
the auxiliary building. In addition to the geometric damping values discussed
above, 5% soil material damping was used for all moues for both structures, in

accordance with recommendations in Ref. 21.

5.3.2 Combination of Earthquake Directional Components

The design of Palisades was based on the absolute addition of one
horizontal and one vertical load component. Current recommenued practice is
to combine the responses for the three principal simultaneous earthquake
directions by the SRSS method, as described in R.G. 1.92.23 Alternatively,
it is recommendea by Newmark and Hall‘ that directional effects be combined
by taking 100% of the effects due to motion in one direction and +0% of tue
effects from the two remaining principal directions of motion.

ihe result of an SRSS combination of three components, compared to an

absolute addition of two, depends on the relative magnitudes of the responses

o0



—

TABLE 5-3. Comparison of median-soil spring rate constants and geometric damping values for Palisades auxiliary
building. The subscripts h, ¢, v, ana O represent horizontal, rocking, vertical, and torsional modes, respectively.

Elastic Elastic
Original design Original design half space half space Kausel? Kausel?
(E-W) (N=8) (L-W) (N-S) (E-W) (N-S)
Spring constants:
Kpe lo/ft 1.91 x 109 2.01 x 109 1.42 x 10° 1.49 x 104  1.90 x 10°  1.90 x 107
Kge ib-ft/rad 1.19 x 1013 6.35 x 1012 9.84 x 1(12 5.06 x 1012 1,07 x 1013 .49 x 1012
Ky, 1b/ft -- - 1.99 x 109 1.99 x 10  3.42 x 10  3.42 x 10°
Kgs lb-rt/rad - - 8.82 x 1012 8.82 x 1012 .82 x 1012 g.82 x 1012
o Damping constants:
Dpe § - - 67 67 67 67
Dye ¥ - - 27 27 1.4 1.7
Ber ® - - 1.6 116 5 5
Dy, % - -- 26 26 26 26

aruco spring used for vertical cases.



and the geometry of the structure. For instance, if the two horizontal load

components are approximately equal and the vertical component is negligible,
the SRSS method results in an increase in stress of approximately 40% for a
8quare plant struccure ana 0% for a circular cne. Combining the eifects oy
the 100%/40%/40% me.nod produces a 40% increase in stress (compared to direct
aduition) tor a syuare building aid an increase of about 8% for a circular
structure, such as the Palisades containment building. If the two horizontal
lcaa compunents are approximately equal and result in stresses about equal to
that from the vertical component, both SRSS ana 1008%/40%/40% stress
combinations are less than the avsclute sum of one horizontal component «nd
the vertical component.

Conditions typically fal. sumewhere between the two cases discussed
aovve. For varicus struciures, with eitier rectangular or circular plans, tue
stresses calculated using current methods of load combinations can vary from
about 0% less to 40% greater tuan the stresses on which the original uesign
was based.

$:3:3 Combinations of Earthquake and Other Loads

Tihe cesign anu analycis of Palisaues used the load combinations for
Class 1 structures and equipment shown in Table 4-3. Load combinations are
now speciitied in applicable aesign co.es aind standards, such as ASME Sec. £33,
Div. 2,2‘ and l\(:1-349.2'5 These codes, which describe the locad combination
procecures and cases to De consluerea, tend to be system uepenaeit, In
general, the trend has been to allow increased stresses for the specified
seismic loading, out also to simultaneously increase tioe number of load
conditions to be consicderea. The NRC has endorsed these load combinations,
with the exceptions noted in Sec. 3.8 of the Standard Review Plan.3 Because

stresses resulting trom lc.ud cases ancg combinaticns of loads from these more
recent criteria are not available, this reevaluation has considered only the
ettects of changes in seismic loading prouuced by applying more recent

methoas. The allowable stresses used in the design of Class 1 structures are
discussed in Chapter 4. These allowable stresses were used as the basis for

seismic margin comparisons.
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5.4 CONFIRMATORY ANALYSIS OF STRUCTURES

'he original mathematical models of the containment and auxiliary
buildings were two-dimeasional planar representations. Such models are
normally adeqguate for symmetric structures, but are not appropriate for
structures or eqguipment where significant asymmetry exists. Because of tune
high degree of symmetry, a two-dimensional model was considered adequate for
the Palisaces containment building. Therefore, a new two-dimensicnal moael of
this structure was developed, incorporating the SSI effects discussed in the
previous section. To evaluate the asymmetric etfects of the auxiliary
pbuilding, however, a new three-dimensional model was developed. These models
were used to develop new structural loads from a response-spectrum analysis
using R.G. 1.60 spectra, as well as new in-structure response spectra
consistent with the SEP guidelines (see Rer. 4).

For the most part, the new models were similar to the original models,
with the exception of the treatment of the SSI effects for the layered site.
Mass and stiffness properties were computed and compared with the original
values to the extent possible. While the mass of the structure could be
computed from available drawings, neither the equipment weights nu¢ the
criginal design calculations were availaple. The masses used in the original
calculations were, therefore, compared with the tributary masses of the
structure, combined with a representative value simulating the weight of the
equipment. 1In all cases, the original values agreed closely with the
estimated masses; therefore, the original mass values were used in the new
mocels. A similar approach was used for checking member stiffnesses, excepi
that new torsional stiffness values were calculated for the 3-D auxiliary
pbuilding model. In view of the close agreement between the dynamic properties
originally used and those calculated in this reevaluation, the uncertainties
in the structural models are expected to be overshadowed by the uncertainty in
the soil properties. This greater uncertainty is accounted for Dy using a

fairly wide range of soil values.

5.4.1 Containment Building

The model developed for the confirmatory analysis of the contaimmant

building is shown in Pig. 5-3. This model is essentially the same structural
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FIG. 5-3. Containment building model used in the SEP reevaluation. The open
circles are massless nodes. The horizontal spring symbol depicts both a
linear hori.ontal spring and a rocking spring <k¢)--see Table 5-2.

model that was used for cesign except for ne+ soil springs tiu. account for
the la'ered-site characteristics. Several new massless nodes were also adieq
at locations where in-structure response spectra were desired,

The first several 'ibration frequencies of the containment building
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founded on the layered soil site are shown in Table 5-4 for the upper, median,

and lower soil cases. Virtually all of the lateral response occurs as a

result of the four modes shown. The vertical response is essentially a single-
frequency response with very little amplification through the structure. Also

snown tor comparison are the frequencies of the tirst four respunse moues uscd

in the original design analysis. The mode shapes for the median soil case are

shown i1n Fig. 5-4.

In the original design, a 1 odal damping ratio of 7.5% of critical was
used for tie SSE for all mowes. In tne SEP reevaluatiocn, the large
aifterences in the levels of geometric anc structural damping for the various
moues assoclatea with SSI required the calculation of composite damping
ratios. The method selected was originally developed by Roesset, Whitman, and
Dobry.26 In this approach, the composite damping ratios comprise two terms
based on energy proportioning., One term accounts for energy assumed to
uissipate in viscous form, and the other term is based on the energy assumed
to dissipate in a Lysteretic form. In the SEP reevaluation, the viscous
portion is assumed to consist of the horizontal and vertical components of the
soil camping. The remaining pcrtion of the soil and structural damping is
proporcioned on the assumption that the energy is aissipated hysteretically.

In computing the composite moual damping ratios, the structural damping
values recommended in NURBG/CR-0098,‘ and shown above in Table 5-1, were

used. Composite damping ratios were originally calculated on the assumption

TABLE 5-4. Containment building response frequencies, in Hz.

Original Upper Median Lower
Mode design soil case soil case soil case

1 1.94 2.42 2.06 1.52
2 (vert) - 5.78 4.79 3.44
3 5.52 5.78 5.78 4.28
“ le.96 13.24 12.85 12.46
5 (vert) - 17.93 17.74 17.56
6 20.28 20.23 20.02 19.81
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(vertical)

FIG. 5-4. Mode shapes for the lirst four modes of the containment building
tor the meaian soil case, The unperturbed model is shown with dashed lines.

tha* the uynamic response in the containment building would produce stresses
at or near yield in the concrete. Based on the loads developed using this
assumption, however, the stresses proved to be substantially less than the
yield levels. The final analysis to determine the loads for the containment
building was based on 3% of critical, in accordance with recommendations in
Ret. 4 for prestressed concrete at about one-half the yield point. 1In view of
the large amount of geometric damping predicted for the norizontal moues, a
maximum composite modal damping ratio of 20% of critical was assumed in the
analysis. (Appendix A discusses the consequences of thie assumption.)
Table 5-5 shows the composite modal damping ratios used in the analysis of the
containment building for the median soil case.

The dynamic response of the containment building, computed using the

methods and criteria discussed in the previous sections, is preseanted in the
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1ABLE 5-5. Modal damping ratios for the
containment building (median soil case).

Damping,
Moae Frequency % of critical
1 2.06 8
2 % 4.79 10
3 ' 5.78 20
. 12.85 10
S 17.74 4
6 20.02 6

furm of shear and bending moment diagrams for the containment vessel and
concrete internal structure. Results for the median soil case, as well as for
the upper- and lower-bound soil conditions, are shown in Figs. 5-5 and 5-6.
Also shown in these same figures are the corresponding values used in design.
As is evident from these figures, the dynamic loads resulting in the structure
trom application of the SEP acceptance criteria are, for the lower-bound soil
case, not significantly different from the original design loads. The
recalculated shears are less than the original loads throughout the
containment vessel, and the recalculated bending moments are very slightly
less than the original values for elevations below 600 ft. For the
lower-pound soil condition, the new dynamic loads throughout the internal
structure are essentially the same as the design values.

For ooth the median anu upper-bouna soil cases, the dynamic loads
calculated in the SEP reanalysis exceed the original values throughout both
the containment vessel ana the concrete internal structure. Seismic loacds
resulting from vertical response were apparently not calculated in the
original aesign analysis. Based on the present reanalysis, the vertical
response throughout the containment building is 0.34 g for the lower-bound
s0il case and 0.27 g for both the median and upper-bound soil conditions.

Table 5-6 is a summary of the load ratios for the containment vessel and
concrete internals. (The load ratio is defined as the ratio of the load
calculated in the original analysis to that derived in the SEP reanalysis.)
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TABLE 5-¢. Ratios of the loads calculated for the containment building and
the concrete internals in the original ana)ysis to those calculated in the
present reanalysis.

Soil condition

Lower bounc Median Upper bound

Containment vessel (El 590'):

Shear 1.07 0.78 0.69

Moment 0.96 0.73 0.0v5
Containment vessel (=l 610'):

Shear 1.91 0.76 0.68

Moument 1.0 0.82 0.66
Containment vessel (El 645'):

Shear 1.01 0.78 0.68

Moment 1.03 0.78 0.u8
Containment vessel (EL 685'):

Shear 1.05 0.81 0.71

Moment 1.07 0.81 0.09
Containment vessel (E1 720'):

Shear 1.14 0.89 0.78

Moment 1.23 0.96 0.83
Concrete internals (Bl 590'):

Shear 1,02 0.84 0.83

Mument 1.0 0.82 0.81
Concrete internals (El 605'):

Shear 1.03 0.83 0.78

Moment 1.0 0.81 0.70
Concrete internals (El 625'):

Shear 0.82 0.64 0.73

Mament 1.0 V.83 0.69
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The original loads were based on tne Housner response spectra with 7.5% modal
damping; the recalculated loads are based on the R.G. 1.60 spectra with
composite damping computed as previously discussed. The upper-bound soil case
gives the highest response for the containment building. Load ratios of
approaimately 0.7 are typical for this condition. The effects that loads of
this level have on the capacity of the structure are discussed in Sec. 5.5.1.

5.4.2 Auxiliary Building

The model developed for the reevaluation of the auxiliary building is a

three-dimensional, lumped-mass model, as shown in Fig. 5-7. The locations =%
he masses in the model account for major discrete masses such as the
refueling pool, but other equipment weignts were taken to be uniformally
distributed throughout the floor slabs. Both translational mass ana
rotational moments of inertia were incluued. Stiffness and center-of-rigidity
calculations were based on the concrete shear walls and steel framing of the
upper elevations, but any masonry-block wall stiffness values were neglected.
AllL floor diaphragms were assumed rigid. New soil springs were based on the
layerea-site characteristics and on a rectangular base slap with the same area
as the slightly irregular base slab of the actual structure.

1The natural frequencies below 33 Hz for the auxiliary building are shown
in Table 5-7 for the three soil cases considered. Mode shapes for the more
important responce modes are shown in Fig., 5-8 for the median soil case. No
auxiliary building frequencies or mode shapes were available for the original
uesign analysis.

Composite modal damping ratios based on the same energy-proportioning
method used for the containment building were calculated for the auxiliary
b\.\ildmg.26 The response was originally calculated using structural damping
values for steel and reinforced concrete on the assumption that the response
would be close to yield. However, the stresses developed throughout the
structure using these val.es were substantially less than yield.

Consequently, the final loads developed for this reevaluation were based on 3%
of critical damping tor reinforceu conciete and 7% for bolted steel, which are
consistent with Ref. 4. As in the case of the containment building, a maximum
moual damping ratio of «0% of critical was used in the auxiliary building

analysis. (See Appendix A for discussion.) The composite modal damping ratios
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FIG., 5-7. 7Three-dimensional model used in the reanalysis of the auxiliary
building. All nonvertical elements above 590 ft lie in the x-y plane. Each
spring symbol depicts both a linear epring and either a rocking spring “‘0)
c! torsional spring (kg)--see Table 5-3.
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TABLE 5-7. Auxiliary building response frequencies, in Hz. No frequencies
were available for the original analysis.

Primary response

Upper Median Lower directioun
Mode soil case soil case s0il case (median soil)
1 2.24 2.24 2.23 N-S
2 2.28 < 28 2 27 E-W
3 3.76 3.76 2.60 Coupled
. 5.39 5.06 3.09 N-S
$ 6.09 5.12 3.78 N-8
6 6.20 5.30 3.83 E-W
7 6.35 5.41 5.40 N-S
8 7.34 7 29 5.54 E-W
9 9.38 7.74 7.27 Vertical
10 10.4 10.4 10 4 Coupled
i1 22.9 19.6 14.5 N-8
12 25.1 e 0 16.9 E-W
13 31.1 30.8 30.5 E-W

for the auxiliary building for the median soil case are shown in Table 5-8.

The shear and bending moment distributions throughout t'2 auxiliary
building are shown in Figs. 5-9 through 5-12 for botn the N-S and E-W
responses and ror the three soil conditions. Also shown are the original
design values, which were taken as the maxima of the N-S§ and E-W responses at
each locaticn in the structure,

Tre lateral loads in the auxiliary building increase as the assumed soil
modulus increases, In general, however, the response of the auxiliary
building is considerably less affected by soil stiffness than is the
containment building. The ratios of the auxiliary building design loads to
the loads calculated in the present reanalysis for the three soil cases are
shown in Table 5-%. The minimum load ratios are at El 640 ft for bending
moment; however, this is not a critical location as far as stress in the

structure is conceri.ed. No uesign loads were available for the steel framing
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FIG. 5-8. Moue shapes tor the four most important moces of the auxiliary

building for the median soil case.

lines,

The unperturbed model is shown with dashed

TABLE 5-8. Modal damping ratios for the auxiliary building (median soil).

Damping, Damping,

Mode Freguency % of critical Modae Frequency % of critical
1 2.24 7 8 7.29 9
2 4.28 7 9 7.74 10
3 3.76 7 10 10.4 3
“ 5.06 20 11 19.6 20
5 5.42 20 12 22.0 20
6 5.30 20 13 30.8 6
7 5.41 9
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IABLE 5-9., Ratios of the loads calculated for the auxiliary
building in the original analysis to those calculated in the
present reanalysis.

Soil condition

Lower bound Median Upper bound
(N-8) (E-W) (N=-8) (E~W) (N-8) (E-W)
El 590':
Shear 1.09 1.04 1.03 1.05 0.96 1.03
Moment 0.92 0.86 0.87 0.87 0.85 0.85
El 601':
Shear 1.10 1.05 1.04 1.06 0.98 1.04
Moment 0.87 0.79 0.83 0.82 0.82 0.79
El 610':
Shear 1.10 1.07 1.04 1.07 0.97 1.04
Moment 0.98 0.87 0.89 0.89 0.87 0.85
Bl €24':
Shear 1.10 1.10 1.0 1.10 0.99 1.0
Moment 0.93 0.97 0.99 0.99 0.88 0.92
El 640':
Shear 1.0 1.0 1.0 1.0 1.0 1.0
Moment 0.8 0.8 0.8 0.8 0.7 0.7

above El v49 ft. Also, no vertical response w s calculated in the original
aesign analysis of the auxiliary building. T ised on the SEP reanalysis, the
vertical response throughout the structure is 0.23 g for the upper soil case,
0.24 g for the median case, and 0.28 g for the lower-bound condition.

Virtually no amplification occurs within the structure for vertical excitation.

9.4.3 Field-Erected Tanks

The capability of three field-erected tanks to withstand seismically
induced stresses was evaluated wiih regard to current methiods and guidelines
as set forth in Ref. 4. The tanks were the T-2 condensate storage tank (CST),
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the T-8l1 primary water supply make-up storage tank (PWSMST), and the T-58
safety injection and refueling water tank (SIRWT). Descriptions of these
tanks are given in Table 5-10. The T-2 CST and T-81 PWSMST are located at
ground level near the northwest corner of the turbine building. Part of the
T-2 CST is located above the cover slab for the common valve pit for these two
tanks. The T-58 SIRWI is located on one of the auxiliary building roof slabs
at El 640 ft,

Several potential failure modes were investigated in the course of the
SEP reevaluation of the three tanks. Among these were buckling of the tank
sidewalls due to the seismic overturning moment; yielding, fracture, or
pullout of the anchor bolts; collapse of the tank roof; sliding of the tank at
the base, wit* subseguent rupture of connections; and failure due to high
tensile stresses in the hoop direction that might result from hydrodynamic
pressures occurring simultaneously with the hydrostatic pressure. Because of
the gecmetry of the Palisaces tanks, actual overturning is not a potential
problem. However, if the anchor bolts fail, the overturning moment must be
resisted by the tank walls and the weight of the internal fluid. For the
fluid to be effective, a portion of the tank must separate from the foundation
as shown in Fig. 5-13. This portion of the tank is highly stressed and is a
potential source of failure in the presence of nonductile behavior (which
might be caused, for example, by poor welas).

Calculation of the overturning moments and shears requires consideration
of two important effects. The first is the impulsive force due to the tank
shell and part of the fluid moving together. The second arises from a
eonvective mnde that occurs when part of the water near the free surface
sloshes back and forth inside the tank. Table 5-~11 shows the original design
acceleration levels, which were the basis of an equivalent-static design.

The SEP reevaluation of the field-erected tanks was conducted using
methods outlined by v:leﬂ:soc”'28 to calculate the impulsive mode
frequencies. This approach is based on Rayleigh's method and incluages both
the shear and flexural deformations of the tanks. The convective (sloshing)
frequencies were calculated follcwing recommencations in Ref. 29. Table 5-12
lists the impulsive and convective frequencies for the three tanks. Spectral
accelerations are also shown, together with the assumed modal damping ratios
used in the analysis. Because it is unlikely that the maximum modal responses
will occur simultaneously, the SRSS method was used to combine the impulsive
and convective forces for all field-erected tanks.
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TABLE 5-10. Descriptions of field-erected tanks.

Wall thickness Base plate Number , diameter, and
Tank Diameter Height and material thickness and material material of anchor bolts
™2 28 ft 28 ft 3/16 in., 1/4 in., 14, 2 in., A307
CST A36 steel A36 steel (not equally spaced)
T-81 22 ft 27 ft 3/16 in., 1/4 in.. 6, 3/4 in., A307
PWSMST A36 steel A36 ste: |
1-58 46 ft 24 ft 13/32, 9/32, and 5/16 in. 52, 1-1/2 in., A325
SIRWT 1/4 in.; 5454-0 5454-0

aluminum in 8-ft aluminum

courses




Overturning moment

o

~luid weight effective in
l resisting overturning

Reaction due to
Fluid weight compression in
directly supported tank wall
by the ground

FIG. 5-13. nResponse to overturning moment in Palisades storage tanks.

TABLE 5-11. Fisld-erected tank static design

accelerations.
Design acceleration, g
Horizontal Verti cal
T-2 CST 0.20 0.133
T-81 PWSMST 0.045 0.025
T-58 SIRWT 0.23 0.17
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TABLE 5-12. Response characteristics of field-erected
tanks. Mode 1 is the fundamental (impulsive) mode;
mode 2 is the convective mode.

Spectral
Frequency, Hz Damping, % acceleration, g

T-2 C8T:
Mode 1 11 7 0.40
Mode 2 0.33 0.5 0.18
T-81 PWSMST:
Moce 1 11.7 7 0.37
Mode 2 0.37 0.5 0.19
T~58 SIRWT:
Mode 1 20.3 : 0.42
Mode ¢ 0.25 9.5 0.22

5.4.4 Unuerground Piping

In conjunction with the SEP reevaluatiol, a typical buried pipeline was
analyzed for the 0.2-g SSE. The pipeline selected was the auxiliary feedwater
Line, which is fabricated from 6-in.-diameter ASTM A-376 seamless stainless
steel. Tune line runs from the condensate-tank valve pit, under the turbine
puilding, to the auxiliary building, as shown in Fig. 5-14. The elevation of
most of the line is 578 ft 5 in., which is approximately 11 ft 7 in. below the
top of the turbine building base slab.

The reanalysis considered the stresses induced in the pipe both by
strains in the soil resulting from the propagation of elastic waves and by the
effects of discontinuities and the relative displacements of attachment
points. Stresses may be caused by primary (compression) waves, secondary
(shear) waves, and surface waves with various angles of incidence to the
pipe. S'cesses may also result from relative end-point displacements caused
by .v2 motion of the structure at a penetration location. The phasing of the
stresses due to soil strains caused by the various types of wave motion is
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FIG. 5-1l4. Schematic plan of auxiliary feeawater line.

normally not known, nor is the phasing of soil-induced stresses with those due
to enu-point motion. Counsequently, stresses were combined by the SRSS

method. The analysis of the auxiliary feedwater line was conducted using the
same median soil moaulus and Poisson's ratio that were used for the SSI
analysis of the containment and auxiliary buildings. A maximum soil strain of
2 x 10-‘ in./in,, corresponding to the 0.2-g SSE, was used, as discussed

in Sec. 5.5.2.

2.5 EVALUATION OF CRITICAL STRUCTURES

A reevaluation of the seismic capability of the critical structures was
conducted using 'oaus developed in accord with SEP acceptance criteria. This
reevaluation of the adequacy of the structures to withstand the 0.2-g SSE was
basea both on comparisons ot these recalculated loads with the original design

loads ana, where nececsary, on further stress analysis. Where loads based on
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the reevaluation guidelines are less than those used in the original design,
the structure was in general judged to be adequate without additional
evaluation. In cases where the recalculated loads exceed the original loads,
but where the resulting stresses are low compared to yield, the structures
were again judged to be adequate. 1n general, damping valu~s based on
NUREG/CR-0098" were used (see Sec. 5.2.2).

For those cases in which the seismic stresses are not low and where
significantly low load ratios exist, conclusions were reached on the basis of
ductility for Class 1 stiuctures, as defined in Ref. 4. Accordingly, stresses
above yield are considered acceptable provided the ability of the structure to
perform its safety shutdown functions is not impaired. References 30 and 31
provide further discussion of rational ductility requirements for the
inelastic response of critical structures.

Load ratios were used to provide an initial screening of the expected
responses of the structures and do not imply that inelastic responses would
actually be expected. (Inelastic response would be expected only if the
original design load was at or close to the elastic limit of the structural
element. In fact, most design loads were well below the elastic limit.)
Therefore, structures that do not exhibit load ratios less than 0.8 are
considered acceptable. For structures with load ratios between 0.8 and 0.6,
and for those for which original and analytical results were not available,
more detailed investigations, including stress analyses of critical
components, were conductea. No load ratios were below 0.6. A
ductility-modified response-spectrum aralysis was not performed as part of

this reevaluation, and all load ratios were based on linear analyses.

5.5.1 Containment Building

As summarized in Table 5-6, the loads developed in the containment
building for the lower soil case are essentially tie same as those used in the
original design., For the median and upper soil conditions, however, the
seismic response loads determined in the present reanalysis exceed the
original loads. The load ratio never falls below the 0.8 to 0.6 range, but on
the basis of the screening criteria adopted, some additional evaluation was

necessary.
A limited stress analysis of the containment building was conducted using
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the loads ceveloped with current methods and with the damping values
recommencded in Ref. 4 for structures with stress leveis at approximately
one-half yield (see Sec. 5.4.1). Concrete strengths (fc') of 4000 and 5000
psi were used for the concrete internals and containment vessel,

respectively. The results indicate a minimum factor of safety of nearly 1.5
tor the reactor internal structure (in E-W shear at El 5v0 ft). The minimum
factor of safety for the cracking moment of the contaimment vessel is over
2.1; other factors of safety throughout the structure are even higher. The
tinding that all stresses were well below yield justifies the choice of
gamping values compatible with low stress levels. Details of equipment anchor
capacity were not included as part of the structure evaluation--they were
considered as part of the equipment evaluation. However, it was concluded
thet the containment structure is capable of withstanding the 0.2-g SSE, based

on SEP acceptance criteria.

5.5.2 Auxiliary Building

The original design loads for the auxiliary building are avaiiable only
in the form of an envelope of maximum loads, with no indication as to whether
they arose from the E-W or N-S response. (The load ratios presented in
Table 5-9 are based on this load envelope.) Since the uesign of the structure
was apparently based on this envelope, the comparison of load ratios as a
means of evaluation is considered conservative. The response tends to
increase as the soil modulus increases. In no case does a load ratio fall
below the 0.8 to 0.6 range. As in tue case of the containment building,
however, some confirmatory stress analysis was conducted to verify the
adequacy of the auxiliary bpuilding.

Shear, moment, torsion, vertical seismic, and dead loads were
consi ered. Dead loads were assumed uniformly distributed over the floor
area. Various load combinations were considered: the combination of the
total horizontal response load (for either principal direction) with 40% of
the loads due to the remaining horizontal and vertical responses, and the
total vertical load plus 40% of the two horizontal loads. Concrete strength
was taken as 3000 psi, and 40-ksi yield was assumed for the A-15 intermediate-
grace reintorcing steel.

In general, the loads decrease rapidly with increased elevation: All the
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most highly stressed members are located at El 590 ft. Also, although the
torsional response is not the major contribution to the load, the presence of
moderate torsion causes elements located near the corners of the structure to
pe the most highly stressed For primary response in the E-W direction, the
two E-W shear walls in the northwest and southeast corners of the structure
(elements Nos. 22 and 39 in Fig. 5-15) were found to be the most highly
stressed. Similarly, for primary response in the N-S direction, the N-§ shear
walls on the east side and in the northwest corner of the building (elements
Nos. 1 and 17 in Pig. 5-15) are the most highly stressed. Table 5-13 shows a
summary of the loads, stresses, and ultimate capacities of the most highly
stressed elements, With the exception of element 17, the maximum shear
stress, including torsion, is less than the code value, including the ¢ factor
tor workmanship of 0.85. If the § factor is neglected, the stresses in all
elements would be less than code allowables. Maximum corresponding flexural
stresses of approximately 160 psi occur, and no net flexural tension results.
All walls interior to the elements discussed above are less stressed, as are
elements at higher elevations. Consequently, the auxiliacy building is
considered capable of withstanding the postulated 0.2-g SSE with no loss of

function and with possible light cracking in only one shear wall.

5.5.3 Building-to-Building Interaction

Since the containment, auxiliary, and turbine buildings are supported on
individual foundations, consideration was given to the possibility of impact
between the buildings. The turbine and auxiliary buildings are framed
together at the lower elevations, but at El 624 ft, only slotted connections
exist in the N-S direction, and very light brackets resist E-W motion; the
structures are essentially uncoupled above El 610 ft. At El 610 ft, the
maximum auxiliary building displacement normal to the turbine building
(assuming the soft-soil condition) is approximately 0.18 in., of which
approximately 0.16 in. is due to soil defcrmation. Since the slotted
connections will not transfer large seismic lcads, no damage that would impair
the functional capacity of the auxiliary building is expected to result from
the interaction between the turbine and auxiliary buildings.

A l-in. rattle space exists between the auxiliary building and the
containmen® building. The locations of concern in any interaction between

87



b— 134 ———
—r e, v
b, T :
Element ]
No. 1
ZZZZA ZZ2A ,
et P B BT Loemen
: e No. 22
J
- -
ﬁ
ezzzn ]
~ 13 2
o
J G g g R L
f——22.6—=
W A W AT AT A 2222222222272 r]
63.5 1}
"
No 39
0.
~ Element €ZZ Walls resisting
J No. 17 N-S shear loads
L|..._26 5_.! All dimensions iri feet
1 e
x N :
/

FIG. 5~15. Shear wall plan for the auxiliary builaing at El 590 ft.
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TABLE 5-13. Typical member loads and capacities at El 590 ft in the auxiliary building for thr: postulated
0-2—9 m.

Axial stress on shear

walls due to moment Maximum
Direction Member and vertical load,® ksi shear load, Calculated capacity in shear, kips
of number including
loading (Fig. 5-15) for Ogax for opin  torsion, kips  concrete steel total®
E-W 39 0.121 0.048 468 407 402 688
E-W 22 0.162 0.007 732 454 456 744
N-S 1 0.143 0. 046 4714 3380 3770 6080
N-S 17 0.157 0.013 954 502 509 850

Apositive numbers indicate compression.

brotal capacity was taken as 85% of the sum of the concrete and steel capacities, which were calculated
assuming £." = 3000 psi and ty = 40 ksi (for A-15 intermediate-grade reinforcing steel).



tnese two buildings are limited to elevations below 649 ft, since the
relatively lightweight and flexible steel framing of the auxiliary building
above EL 649 ft is not expected to cause severe uamage, even if it should
strike the containment building. The soft-soil assumption produces the
maximum structural ceflection for both the auxiliary and the reactor
buildings. At El 649 ft, the auxiliary building deflects about 0.23 in. in
the direction of the containment building. The deformation at the base slab
(E1 590 ft) due to soil tlexibility accounts for about 0.16 in. of this

value. The corresponding ceflections in the containment building are
approximately 0.88 and 0.36 in., respectively. Although some of the natural
trequencies of the auxiliary building are close to the fundamental of the
containment building, the auxiliary building modes involve essentially only
the steel superstructure. Containment building response frequencies are
widely separated from all auxiliary building modes that involve significant
displacements of the concrete shear wall structure. Consequently, the most
appropriate estimate of relative displacement is obtained by combining the two
structural displacements by the SRSS method. On this basis, the maximum
relative displacement was calculated to be approximately 0.91 in., indicating
that impact would not occur. Even if the displacements of the two struc:ures
were exactly out of phase, a maximum interference of approximately 0.11 in.
(the absolute sum of relative displacements) would be expected for the
soft-soil condition. Figure 5-16 illustrates these results graphically.
Although same local concrete cracking and spalling could be anticipated, major
structural damage sufficient to cause any lcss of functionality is not
predicted for the soft-soil condition, and no impact 1s expected in the median
and upper soil cases, even on an absolute sum basis.

Although no analy.is of tlie turbine buildirg was conducted, and although
no through-soil coupling effects were ccnsidered in the analysis of the
building-to-building interaction, no response modes that would cause loss of
structural function of the auxiliary building are expected for the 0.2-g SSE.

5.5.4 Field-Erected Tanks

Tank shell and base plate integrity during the postulated 0.2-g SSE was
evaluated for each of the three tanks. Initially, the assumption was made
that the tanks behaved linearly, as shown in Fig. 5-17a. Tensile and
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compressive forces in the tank shell were evaluated, and attachment bolts and
tank side-wall buckling were checked. If the number of hold-down bolts was
Geteramined to be insufficient to ensure linear behavior, then a nonlinear
s.ress distribution, as shown in Fig, 5-17b, was assumed. In the latter case,
the hold-down force resisting uplift is provided by the weight of the tank
fluid on the base plate, as well as by the yielded anchor bolts.

The T-2 CST and T-58 SIRWT were both found to have adequate shell
thickness and a sufficient number of anchor bolts to ensure a linear
response. However, the T-81 PWSMST does not have sufficient anchor bolt
capacity to ensure linear oehavior. During a 0.2-g SSE, the T-81 tank is
expectea to undergo substantial yielding and deformation of both the tank and
the anchor oolts. Since the tank is constructed of A36 steel, with double
fillet welds at the wall-base junction, ductile behavior of the tank is
expected. The boits hLave adequate sihear capacity and the attachment brackets
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are more than adequate to develop the anchor bolt ultimate strength. However,
the & hor bolt stresses for the T-81 tank are well above yield, as well as
above the ASME Code allowable for the faulteu condition (70% of the ultimate
strength). For the A307 bolt material, the strain hardening across the thread
siLress area is sutficient to develop same yielding in the bolt shank before
failure. Tank anchor bolts are not subjected to load reversals, so the bolts
may not fracture. Nevertheless, bolt failure is possible, and fince tank
buckling with subsequent loss of function is expected upon anchor bolt
failure, increased anchor capacity should be installed.

Stresses in the anchor bolts of the T-2 and T-58 tanks are acceptable.
Stresses that might cause pullout of the anchor bolts and stresses in the
concrete ring girders for all three tanks were evaluated and found to be
adequately low. The mament capacities of the ring girders were found to be
sufficient, and the soil was found to have a large safety factor against
bearing capacity failure for all tanks. Frictional forces between the tanks
and the underlying footings were high enough to preclude any relative
displacement betwe:n the tanks and ground. Hoop stresses were evaluated by
combining absolutely the tank hydrostatic pressures with the SRSS of the
pressures inuuced by the impulsive, convective, and vertical modes. All three
tanks were found to have shell thicknesses sufficient to prevent yielding.
Thus, with the exception of the possible failure of tne T-8l1 anchor bolts, the
critical elements of all three tanks are considered adequate to withstand the
0.2-g SSE. 1t is recommended that modifications be implemented to increase
the anchor capacity of the T-81 PWSMST.

5.5.5 Unagerground Piping

In the evaluation of the adequacy of the buried pipelines at Palisades,
the auxiliary feedwater line--a typical pipeline -was analyzed. To account
for possibly higher stresses in other lines with somewhat different
configurations and siress allowables, conservative assumptions were made
throughout the analysis. For instance, the assumed soil strain of
- 10-‘ in./in. is nigher than would be expected from a detailed
geotechnic investigation of the Palisades soil conditions for the 0.2-g SSE.
Also, stresses were typically compared with ASME Code allowables. No stresses

above code-allowable values were computed for the auxiliary feedwater ne.
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Maximum axjal ana shear stresses of 27 and 15.7 ksi, respectively, were

calculated in the pipe uue to seismic wave propagation. These values do not
account for the effects of discontinuities or end-point notion.n'33 The
resulting principal stress of 34.2 ksi may be compared with the ASME Code
allowable of 44.9 ksi for the faulted condition.

When a ouried pipe changes dircction abruptly, as in the case of the
auxiliary feedwater line (Fig. 5-14), axial strains induced in one leg will
impose a normal loaa on the transverse leg. This load must be resisted by the
stiftness of the pipe and the soil surrounding the transverse leg, which in
turn creates shear and bending stresses at the elbow. These stresses were
calculated assuming that the transverse leg acts as a beam on an e astic
founcation. y.e coefficient of subgrade reaction was determined from
Ref. 34. Based on the calculated deformation of the pipe (relative to the
50il) of 0.16 1n. at tais location and including the code stress-intensity
factor, a maximum bending stress of 29 ksi results, together with a shear
stress of 5.8 hsi. she principal strews of 29 ksi is well below tihe s«.9-ksi
allowable.

The final location at which stresses in buried piping might be
concernirated is the penetration wiere the pipe en.ers a builuing. Stresses
here are caused by the building structure moving relative to the soil and
imposing either lateral or axial aisplecements, or both, on the pipe. Tne
auxiliary feeawater line was analyzeu for stresses induced by the maximum
«~teral auxiliary ouilding motion of 0.18 in. and a maximum lateral
weformation of 0.15 in. Maximum axial, benaing, and shear stresses are 12,
5.2, and 9 ksi, respectively. 1The principal stress of 40 ksi is less than
the 44.9-ksi code allowable. It is therefore concluded that critical buried
pipelines at Palisades are not expeciLed to fail as a result of the postulated
0.4-g SSE.

5.6 SEISMIC INPUT MOTION FOR EQUIPMENT AND PIPING

Seismic input motion for piping and equipment is typically cefined by

means of in-structure (or floor) response apectra.35'36

Currently, floor
respcnse spectra are usually generaceu oy means of time-history analyses, or
by airect generation using random vibration techniques that use the response

of tue ouiluing structure as irput. Before being used for cesign, these
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spectra are normally smoothed and the peaks broadened to account for modeling
and material uncertainties. Unless a parametric study of the building is
conducted, the peaks of the floor response spectra are normally widened by
+15%.

Horizontal response spef'tn were generated for the original Palisades
uesign analyses of the containment and auxiliary building equipment and
piping, but no vertical spectra were developed for either structure. Spectra
for 0.5%, 2%, and 5% of critical damping for equipment were originally
developed, The original spectra for the auxiliary building are envelopes of
the maximum responses fram the E-W and N-8 directions.

As part of the SEP reevaluation, both horizontal and vertical
in-structure response spectra were generated for both the containment and the
auxiliary buildings, using the new models and criteria described in Sec. 5.4.
In accord with current teco-nendaticnl.‘ spectra were generated for 3%, 5%,
anéd 7% equipment damping. These values reflect the somewhat higher damping
expected. Spectra were (@nerated for each of the three soil cases
considered. Smoothed and broadened envelopes encompassing the complete soil
range were developed, as well as spectra for the individual soil cases. The
spectra generated for the auxiliary building included the effects of torsion,
although this contributes little to the response.

Plots of the the new in-structure response spectra are presented in
Appencix B. Where applicable, the corresponding original design spectra are
shown for comparison. In general, the new spectra exceed the original spectra
at both high and low ftequenéiel, whereas the original spectra tend to be
slightly above the new spectra in the resonant range. Load ratios for
equipment in the rigid range are expected to be approximately 0.71 to 0.86 for
the containment building and approximately 0.71 to 0.9 for the auxiliary
wilding., For flexible equipment with frequencies of about 4 Hz or less, load
ratios as low as 0.34 for the containment building and 0.23 for the auxiliary
building can occur, depending on the soil modulus used. The effects of the
new floor spectra and of these load ratios on equipment and piping are

discussed in Thapter 6.
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CHAPTER 6: SEISMIC EVALUATION OF
MECHANICAL AND ELECTRICAL EQUIPMENT AND
FLUID AND ELECTRICAL DISTRIBUTION SYSTEMS

6.1 INTRODUCTION

6.1.1 Purpose and Scope

This chapter reviews the reevaluation of selected mechanical and
electrical equipment and fluid and electrical distribution systems at the
Palisades Nuclear Power Plant. Based on that review, this chapter also
evaluates the ability of the reactor to shut down safely and to remain in a
safe shutdown condition in the event of an SSE. The SEP review team purposely
selected for reevaluation those components that were expected to have a high
degree of seismic fragility; moreover, the review team believes that these
components are :epresentative not only of those installed in the safe shutdown
systems, but also of other seismic Category I systems, such as engineered
safeguards. Thus, evaluation of these selected components establishes an
estimated lower-bound seismic capability for the mechanical and electrical
components and the distribution systems of the Palisades plant.

Considered in terms of seismic design adequacy, nuclear power plant
equipment and distribution systems fall into two main categorieu--active and
passive. Within each main category, equipment and systems are further
categorized as rigid or flexible. As discussed in R.G. 1.4837 and
Sec. 3.9.3. of the Standard Review Plan.3 a..ive components are those that

must perform a mechanical motion to accomplish a system safety function. For
the purpose of this report, this definition is expanded to include electrical
or mechanical components that are required for safe shutdown and that must
move during or after a seismic event to perform their design safety function.
Typically found in the active category are pumps, valves, motors and
associated motor control centers, and switchgear.

Seismic design adequacy of active components, which depends upon function
as well as structural integrity, may be demonstrated by either analysis or
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test. Testing is generally the preferred method, but because of size or
weight restrictions or difficulty in monitoring function, many active
components are seismically evaluated by analysis. To ensure active component
function by analysis, deformations must be limited and predictable.
Therefore, total stresses in such components are normally limited to the
elastic linear range of 0.67 to 0.8 times the yield stress of the material,
and in no case would the total stress in a component be allowed to exceed the
yield stress.

Passive components considered in this report are those components that
are required for safe shutdown and for which the only safety functions are to
remain leak tight or to maintain structural integrity during or following the
SSE. Typically found in the passive categ-ry are pressure vessels, heat
exchangers, tanks, piping and other fluid distribution systems, transformers,
and electrical distribution systems.

In determining seismic design adequacy by analysis, the most important
distinction between active and passive components is the stress level that the
component is allowed to reach in response to the SSE excitation. For passive
components, higher total stress limits, ranging from yield to 0.7 times the
ultimate strength of the material, are permitted by current design procedures

and codes.z‘

The designation of components and distribution systems as flexible or
rigid is important in developing the magnitude «f seismic input for component
evaluation. The seismic inertial acceleration of the equipment depends upon
potential resonance with the supporting building structure, structure and
equipment damping values, and equipment support elevations. Whether a
component is designated as rigid or flexible may also depend on how it is
supported. Many rigid components must be considered and evaluated as flexible
because of their support flexibility.

For the Palisades auxiliary building and containment internal structures,
in-structure response spectra are such that equipment may be considered rigid
for frequencies greater than 10 Hz. The maximum floor acceleration is
approximately 0.4 g (twice the SSE zero-period ground acceleration). For
flexible components with fundamental frequencies less than 20 Hz, the maximum
seismic inertial acceleration is approximately 2 g.

After the components were categorized as active or passive and as rigid

or fiexible, a representative sample from each group was evaluated to
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establish the seismic design margin or degree of adequacy of each group. In
this way, seismic design margins for groups of similar components were

established without the need for detailed reevaluations of hundreds of
individual components.

Representative samples of components were selected for review by one of
two methods:

® Selection based on a walk-through inspection of the Palisades facility
by a team comprising NRC staff, members of the SSRT, and the authors.
Based on their experience, team members selected components in each
group that appeared to have a high potential degree of seismic
fragility. Particular attention was paid to the components' support
structures.

® Categorization of the safe shutdown components into generic groups
such as horizontal tanks, heat exchangers, and pumps; vertical tanks,

heat exchangers, and pumps; motor cortrol centers and motors.

The licensee was asked to provide seismic qualification data on the selected
components.

The rest of this chapter reviews the seismic capacity of the selected
components and recommends, if necessary, additional analysis or hardware
changes to qualify them for the 0.2-g SSE. Based on the detailed review of
the seismic design adequacy of these representative components, conclusions
are drawn as to the overall seismic design adequacy of seismic Category I
equipment installed at Palisades.

6.1.2 Description of Selected Components

Table 6-1 lists and describes the components selected by the team on the
basis of its plant walk-through--components that are representative of the
listed generic groups of safety-related components. Table 6-1 also gives the
basis for each selection.

The review in this chapter emphasizes what are normally listed as
auxiliary components. Such components are typically supplied by manufacturers
who--unlike the NSSS vendcrs--may not have routinely designed and fabricated
components for the nuclear power industry, particularly during the time this
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mu 6-1.

Mechanical and electrical components selected for seismic
evaluation and the basis for selection.

Item No. Description Reason for selection
Mechanical Components

1 Essential service water pump

2 Auxiliary feedwater pumps

3 Component cooling heat

exchangers

B Component cocling surge tank

5 Diesel generator oil tanks

6 Boric acid storage tank

| Hydrazine tank

8 Sodium hydroxide tank

Has a long, vertical, unsupporte’
intake section which was originally
statically analyzed for seismic
erfects.

Represents a horizontal component
which is rigidly connected to a
foundation mat.

Unique component in that one heat
exchanger is stacked on top of the
other and connected to it by two
saddle supports. Concern was
expressed about the heat exchangers'
ability to withstand overturning
effects in the transverse direction.

A column-supported vertical tank.

Anchor-bolt system for flexible in-
structure flat-bottom tanks may be
overstressed if tank and fluid
contents were assumed rigid in the
original analysis.

A column-supported vertical tank
with bracing.

A tall, column-supported vertical
tank. Concern was expressed about
overturning effects.

A horizontally mounted component
supported by two saddles that do not
appear to be seismically

restrained. Concern was expressed
about the saddles' ability to carry
required seismic loads, particularly
in the longitudinal direction.

continued
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TABLE 6-1 continued.

Item No. Description Reason for selection

9 Safety injection tank Supported by a truss structure which
is mounted at the top of the
containment building. Concern was
expressed about the increased
acceleration values that the tanks
will experience at that elevation.

10 Motor-operated valves A general concern with respect to
externally unsuppoited, motor-
operated valves, particularly for
lines 4 in. or less in diameter, is
that the relatively large eccentric
mass of the motor will cause
excessive stress in the attached

piping.

11 Control rod drive mechanism Particularly critical to ensure
reactor coolant system integrity.

12 Pressurizer Same as item 11.
13 Steam generators Same as item 1ll.
14 Reactor coolant pumps Same as item 11.
15 Reactor vessel Same as item 11.

Electrical Components

16 Battery racks Bracing required to develop lateral
load capacity may not be sufficient
to carry the seismic load.

17 Motor control centers Typical seismically qualified
electrical equipment. Functional
design adequacy may not have been
demonstrated. In addition,
anchorage to floor structure may not
be adequate.

18 Switchgear Same as item 17.

continued
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TABLE 6-1 continued.

Item No. Description Reason for selection
19 Control room electrical Appear adequately anchored at the
panels base; however, there appear to be

many components cantilevered from
the front panel. The lack of front
panel stiffness may permit
significant seismic response of the
panel, resulting in high
acceleration of the attached

components.
20 Transformers Same as item 17.
21 Electrical cable raceways Cable tray support system does not

appear to have positive lateral
restraint and load-carrying capacity.

plant was under construction. Therefore, if there is a reduction in seismic
design adequacy, it would tend to be found in the auxiliary equipment, rather
than in the major nuclear components. However, because of its importance to
safety, the seismic design adequacy of the reactor coolant system components
and support structures, to the extent information has been provided, is also
evaluated in this report. 1In addition, portions of four piping systems were
analyzed. The results of these analyses will be reported independently.38

but a preliminary summary is provided in Sec. 6.4.

6.2 SEISMIC INPUT AND ANALYTICAL PROCEDURES

§.3.1 Original Seismic Input and Behavior Criteria

For seismic Category I mechanical equipment, all componeats and systerns
originaily classified as Class 1 were u4esigned in ac:~rdance with the criteria
for load combirations and stresses iisted in Table -3 under "Other Class 1
systems and equ ipment."

The manuai Nuclear Reactors and Barthquakes,39 was used as the basic

design guide f{or seismic analysis. Class 1 equipment and their supports were
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analyzed for accelerations at least equal to the acceleration of the floor on
which they are supported. The seismic loads were applied to the equipment
centers of gravity.

The reactor protective system and nuclear instrumentation were specified
to operate throughout a disturbance equivalent to a horizontal acceleration of
0.8 g. The seismic design criteria for the safety-related equipment controls
and the emergency electric power systems were such that all controlling
devices and systems would withstand the seismic disturbance without
malfunction or improper action. Furthermore, it was specified that a seismic
disturbance would not affect the operation of safety systems either
momentarily or permanently. Some relays, breakers, emergency generators, and
vi.ious other controlling devices similar to the type used in the Palisades
plant have been shop tested and have been shown capable of withstanding
seismic shock loads without malfunction. However, there is no information
currently available as to the level of shock loads sustained, nor is there
information to indicate that the specified criteria have been explicitly
implemented in the design of the electrical components.

For seismic Category I cable conduits, the flexibility of the cables and
the supporting trays for above-ground cables was designed to accommodate
differential seismic motions inside and outside the structure. Cables leaving
structures below ground are placed in plastic conduits which are subsequently
encased in concrete for mechanical protection.

Appendages (small masses elastically attached to large masses) were not
considered dynamically coupled in the seismic analysis of large masses,
because their inertial forces were assumed to be too small to affect the
behavior of large masses. Their weights, however, were included in those of
the large masses. Class 1 appendages to piLing and equipment (valve
operators, for example) were analyzed statically to evaluate their effect on

tne piping and equipment,

$.2.8 Seismic Input for SEP Reassessment

Seismic input requirements for determining the seismic design adequacy of
mechanical and electrical equipment and distribution systems are normally
based on floor or equipment response spectra for the various elevations at
which the equipment is supported. These in-structure spectra, which are based
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on R.G., 1.60 spectra modified by the dynamic characteristics of the building,
are shown in Appendix B. The in-structure spectra are based on the building
models shown in Figs. 5-3 and 5-7.

For mechanical and electrical equipment in general, a composite 7%
equipment damping, as suggested in Sec. 5.3.1, is used in the evaluation for
the 0.2-g SSE. For piping evaluations, the equipment damping associated with
the SSE is limited to 3%, These damping ratios are alsc consistent with a
recent summary of data presented to define damping as a function of stress
level.‘o For cable trays, recent tests seem to indicate that the damping
racios to be used in design depend greatly on the tray and support
construction and the manner in which the cables are placed in the trays.
Damping may be as high as 20% of critical dalping.u Horizontal seismic
input loads have been assumed in this evaluation to be simultaneously applied
independent components. Depending on the geometry of the component being
evaluated, the resultant horizontal load varies from 1.0 to 1.4 times the
individual component load. Except where design adequacy is in question, we
have conservatively applied the 1.4 factor to the check evaluations performed

in this reanalysis.

6.2.3 SEP Acceptance Criteria

Seismic Category I components that are designed to remain leak tight or
to retain structural integrity in the event of an SSE are now typically
designed to ASME Section 1II Code, Class 1, 2, or 3 stress limits for service
condition D. The stress limits for supports for ASME leak-tight componente
are shown in Appendix F or Appendix XVII to the ASME Section III Code.z‘

When qualified by analysis, active ASME Section 1II components that must
per form a mechanical motion to accomplish their safety functions typically
must meet ASME Section III Code, Class 1, 2, or 3 stress limits for service
condition B. (Recent increases to ASME Section III, Class 1, service level B
limits have not been considered.) Supports for these components are aiso
typically restricted to service condition B limits.

For other equipment, which is not designed to ASME Section III Code
requiremer*s, and for which the design, material, fabrication, and examination
requirements are typically less rigorous than ASME Section III Code
requirements, the allowable stresses are limited to yield values for passive
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components and to the normal working stress (typically 0.5 to 0.67 times
yield) for active components. The SEP acceptance criteria used to evaluate
various equipment and distribution systems for the Palisades passive
components are given in Table 6-2. For active electrical components such as
switches and relays, functional adequacy should be demonstrated by test.
Experience in the cdesign of such pressure-recaining components as
vessels, pumps, and v-.lves (designed to meet ASME Section III Code
requirements at 0.2 g) indicates that, except at the supports and nozzels,
stresses induced by earthquakes seldom exc:ed 10% of the dead weight and
pressure-induced stresses in the component bocly.‘2 Therefore, design
adequacy of such equipment is seldom dictated by seismic design considerations.
Seismically induced stresses in nonpressurized mechanical and electrical
equipment, in fluid and electrical distribution systems, and in all component
supports may be significant in determining design adequacy. However, because
of the more restrictive stress and damping limits, the OBE rather than the SSE
normally controls the design of piping systems.

6.3 EVALUATION OF SELECTED COMPONENTS

6.3.1 Mechanical Equipment

6.3.1.1 Essential Service Water Pump

The essential service water (ESW) pump and motor unit is oriented
vertically in the intake structure and supported at El 590 ft. As shown on
Layne & Bowler, Inc., drawing 950X9 SH-1l, the intake portion of the pump
extends downward from the discharge head and pump base for 37 ft 10 in. The
seismic analysis, as given by Layne & Bowler, mc.,‘3 was performed for
simultaneous equivalent-static loads of 0.90 g acting in the horizontal
direction and 0.14 g acting in the vertical direction.

The pump and motor unit is located at grade; therefore, the seismic input
is essentially the R.G. 1.60 ground response spectrum. However, to be
conservative, the response spectra for the auxiliary building base slab was
used in the analysis (see Figs. B-1l and B-12). Overturning tensile and shear
stresses in the pump base anc.or bolts were determined, as well as stresses at
the attachment of the intake column pipe to the discharge head.
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TABLE 6-2 SEP acceptance criteria for determining seismic design adequacy of passive mechanical and

electrical equipment and distribution systems.

Components

SEP acceptance criteria (SSE)

Vessels, pumps
and valves

Piping

Tanks

Electric
equipment

Cable trays

ASME supports

Other supports

Bolting

Sma11
s‘all

Mall
ma11

S‘all
Sh

0“all

Sa11

Sa11

Sa11

Sal1

Sal1

IA IA |A |A

IA 1A

A

A 1A

IA

0.78u and

1.65y

0.67S, and 1.33s

O.SSu and
O.SSu and

1.08u and
0.68u and

III Class
0.58, and

l.OSy
1.08
1.2Sy and

1.68

1.65

1.258y
1.258y

2.08y

1.55y

1
1.258y

0.78,

4

ASME III Class 1 (Mable F 1322.2.1)
ASME III Class 2 (NC 3217)
ASME III Class 2 (NC 3321)
ASME III Class 3 (ND 3321)

ASME III Class (Table F 1322.2.1)
ASME III Class 2 and Class 3 (NC 3611.2)

(=

ASME III Class 2 and Class 3 (NC 3821)

ASMe III, Appendices XVII and F, for
Classes 1, 2, and 3

Normal AISC allowable stress increased by 1.6,
consistent with NRC Standard Review Plan 3.8.

ASME III, Appendix XVII for bolting, where § is
the allowable stress for design loads.




Cecause the intake portion of the pump is oriented vertically as a
cantilever beam, the dynamic characteristic of the intake suction pipe was
determined. It was found to have a fundamental frequency of 1.0 Hz, assuming
a weight distribution that includes the shaft and contained water, as shown in
Ref. 44. Ac this natural frequency, the spectral acceleration for 7% damping
is 0.32 gq.

The seismic acce.erations were applied to the pump, and the resulting
anchor bolt stresses were determined, considering simultaneous N-S and E-W
loading. The effect of attached piping nozzle loads was not considered, since
they were not available. (They are generally not significant in determining
the overall adequacy of the pump body and support system.) Based on the ASME
condition D stress limits, the analysis established a factor of safety of 2.04
for the assumed A307 anchor bolts. The stress calculated at the attachment of
the discharge head to the intake column pipe was 10.8 ksi, which is well below
the yield stress of 35.0 ksi, which is given in the original seismic design
calculations for the column pipe. Therefore, we believe that the ESW pump
will withstand a 0.2-g SSE seismic event without loss of structural integrity,
provided the discharge head stresses are within code allowables. Insufficient
information was provided to determine the stresses and material used in the
discharge head; thus, allowable stresses there are unknown. Also, toc few
details were available to evaluate the functional adequacy of the pump in
terms of motor impeller shaft deformations or bearing failure.

6.3.1.2 Auxiliary Feedwater Pumps

The auxiliary feedwater pumps are horizontal components supported on
concrete pedestals and a mat foundation that is located at El 571 ft in th=
turbine building. The components consist of two pumps, one motor driven and
one turbine driven. The motor-driven pump was supplied by the 3ingham Pump
Company cnd 1is shown on drawing FD-270663; the turbine-driven pump was
supplied by the Elliot Company and is shown on drawing 602464. The original
seismic desi.gn,‘5 considered an SSE eismic load resulting from a 0.20-g
horizontal acceleration and a 0.l4-g vertical acceleration, acting
simul taneously.

Since response spectra for the turbine building are not available, the
response spectra considered applicable for verifying s ismic design adequacy
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are those calculated for the auxiliary building at El 590 ft (see Figs. B-1l1,
B-12, and B-19). The corresponding floor acceleratior values for the N-S, E-W,
and vertical directions are 0.32, 0.34, and 0.28 g, respectively. The seismic
accelerations were applied simultaneously to the pumps, and the resulting
mounting-bolt stresses were determined for three separate attachment
locations: the base plate mounting, the pump mounting, and the turbine
mounting. Based on ASME condition D stress limits for the assumed A307 bolts,
the factors of safety are 11.6, 5.76, and 4.70, respoctively.‘6 In the
analysis, nozzle loads due to the attached piping were neglected, since they
were not available. However, considering the relatively large safety factors,
nozzle loads would not be expected to control design. We believe that the
auxiliary feedwater pumps will withstand a 0.2-g SSE seismic event without
loss of structural integrity; however, due to the lack of design detail, no
attempt was made to evaluate the functional adequacy of the pumps.

6.3.1.3 Component Cooling Heat Exchangers

The component cooling heat exchangers (CCHXs) are two horizontal heat
exchangers located in the auxiliary building, one stacked on top of the other
and supported there by two saddles. The pair is supported on the floor by
four saddles at El 590 ft. Three of the four floor saddles are slotted in the
longitudinal direction to permit thermal expansion. The heat exchangers are
shown on Industrial Process Engineers drawing F-5628-3. The response spectra
for 7% damping (see Figs. B-ll and B-12) are considered applicable for
verifying seismic design adequacy.

The seismic qualification of the _.CHXs was performed as described in
Ref. 47. The seismic evaluation de.ermined the dynamic response
characteristics of the exchangers and their saddle support system. The
evaluation indicated that the system is relatively rigid and has no response
frequencies below 33 Hz. As a result, horizontal seismic input accelerations
in orthogonal directions are 0.34 and 0.32 g, respectively, corresponding to
the 0.2-g SSE.

The seismic accelerations were applied simultaneously to the heat
exchangers, and the resulting anchor bolt and support saddle stresses were
determined. The analysis established factors of safety of 2.35 for the anchor
bolts and 16.5 for the support saddle, based on ASME III-1 condition D stress
limits .
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In addition tc evaluating the CCHX saddle and anchor bolt support system,
the seismic stresse. induced in the tubes of the heat exchanger were
determined, combined with other applicable loads, and compared to code
allowablu." The factors of safety determined for the heat exchanger tube
was 40.8; for the heat exchanger shell, it was 2.13. Both were controlled by
hoop stresses due to internal pressure rather than seismic stresses. It
should be noted that no evaluation was made of nozzle loads in the heat
exchanger, since they were determined from the attached piping system analysis
that was not available for evaluation. It has been generally found that such
piping loads, which can be a limiting load to the nozzle, seldom have a
significant effect on the heat exchanger support loads.

In conclusion, we believe that the CCHXs will withstand a 0.2-g SSE
seismic event without loss of structural integrity or function. Our

conclusion is based on

e Evaluation of the dynamic characteristics of the heat exchanger
support system and the supplemental analysis given in Ref. 47.

e Experience in reviewing similar saddle-supported heat exchangers.
6.3.1.4 Component Cooling Surge Tank

The component cooling surge tank is a column-supported component located
in the auxiliary building at El 649 ft. The surge tank is shown on Niles
Steel Tank Company drawing 5935-M38-A. The response spectra for 7% damping
(Appendix B) are considered applicable for verifying seismic design adequacy.
The seismic qualification of the surge tank was originally performed for a
0.30-g horizontal acceleration and a 0.l4-g vertical accelerec , applied
simultaneously.

We have reviewed the tank and support system to determine seismic design
adequacy.‘a The dynamic analysis considered the effective impulsive and
convective response of the contained fluid and determined fundamental response
frequencies for the tank: 0.71 Hz for convective loading and 7.89 Hz for the
tank and support system. For the convective mode, a damping value of 0.5% was
used; for the impulsive mode, 7% damping was used. T analysis determined
gross dynamic characteristics of the tank und established minimum factors of

safety of 10.0 for compressive stresses in the tank legs and 9.43 for combined
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stresses in the anchor bolts. As in the case of other components with
attached piping, we did not evaluate nozzle capacities, since piping loads
were not available. We believe that the component cooling surge tank will
withstand the 0.2-g SSE without loss of structural integrity or function,
based on

@ Check of the dynamic characteristics of the tank and an evaluation of

support leg and anchor bolt stresses.
e Experience in reviewing similar tanks.

6.3.1.5 Diesel Generator Oil Storage Tanks

The diesel generator oil storage tanks were not evaluated, since no

drawings or design calculations were available.
6.3.1.6 Boric Acid Storage Tank

The boric acid storage tank is a column-supported tank with cross
bracing, as shown on Nooter Corporation drawing JN-D-31011. The seismic
qualification of the tank and support system was per formed as described in
Ref. 49. We have reviewed the tank and support system and its anchors to
determine seismic design adequacy.so The tank, which is supported at El
590 ft in the auxiliary building, was evaluated for the corresponding floor
response spectra from Appendix B. The dynamic analysis considered the
effective impulsive and convective response of the contained fluid and
determined the fundamental response frequencies for the tank: 0.56 Hz for
convective loading and 18.8 Hz for the tank and support system horizontal mode
(including impulsive loading). For the convective mode, a damping value of
0.5% was used, and for the impulsive mode, 7% damping was =+4, The analysis
determined gross dynamic characteristics of the tank and established minimum
factors of safety of 5.64 for compressive stresses in the support legs and
50.0 for combined stresses in the anchor bolts, in accordance with ASME III-2
condition D stress limits. Again, we did not evaluate nozzle capacities,
since piping loads were not available. We believe that the boric acid storage
tank will withstand the 0.2-g SSE without loss of structural integrity or

function, based on
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® Review of the stress analysis of the tank support supplied by the

licensee.

e Check of the dynamic characteristics of the tank and an evaluation of
the tank and support system and anchor bolt stresses performed in
connection with this report.

® Experience in review of similar tanks.
6.3.1.7 Hydrazine Tank

The hydrazine unk.s1 as showr un Buffalo Tank Company drawings
SK-~1031-2 and SK-1031-4, is a te .1, column-supported vertical vessel (12 ft
long and 30 in. in diameter). The tank is supported at El 640 ft of the
auxiliary building and was evaluated for the corresponding floor response
spectra, shown in Figs. B-)5, B-17, and B-19.

The dynamic analysie considered the effective impulsive and convective
responses of the flu.d and tank system.52 The fundamental sloshing
(convective) frequency was found to be 1.10 Hz, and the fundamental tank and
support system frequency was found to be 27.1 Hz. For the convective and
impulsive modes, the analysis used damping values of 0.5% and 7%,
respectively. The analysis determined gross dynamic characteristics of the
tank and established minimum factors of safety of 14.1 for compressive
stresses in the tank legs and (assuming ASME III-2 condition D stress limits)
7.14 in the anchorage system,. We did not evaluate nozzle capacities, since
piping loads were not available. We believe that the hydrazine tank will
withstand the 0.2-g SSE without loss of structural integrity, based on

e Check of the dynamic characteristics of the tanks and evaluation of
support leg and anchor bolt stresses.
e Experience in reviewing similar tanks.
6.3.1.8 Sodium Hydroxide Tank
The sodium hydroxide tank is a horizontal vessel located on the auxiliary

building and supported by two saddle supports at El 640 ft, The tank is shown
on Buffalo Tank drawing SK-M-1054. The response spectra for 7% damping
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(see Figs. B-15, B-17, and B-19) are considered applicable for verifying
seismic design adequacy.

The seismic qualification of the sodiv~ ay iroxide tai.x was performed as
described in Ref. 53. This analysis was reviewed, and an independent
evaluation of the dynamic response ch2cacteristics of the heat exchanger and
its saddle support system was made. The review indicates that the system is
relatively rigid and has no response frequencies below 17.8 Hz. As a result,
horizontal seismic input accelerations in orthogonal directions were
determined to be 0.49 and 0.42 g, corresponding to the 0.2-g SSE.

The seismic accelerations were applied simultaneously to the sodium
hydroxide tank, and the resulting support saddle stresses and anchor beoit
stresses were determined. The analysis established factors of safety of 3.52
for the support saddles and (assuming ASME III-2 condition D stress limits)
15.9 for the anchor bolts. Therefore, we believe that the sodium hydroxide
tank will w.thstand a 0.2-g SSE seismic event without loss of structural
integrity, bised on

Review of the analysis in Ref. 53.
Evaluation of the dynamic characteristics of the tank and support
system and the supplemental analysis given in Ref. 54.

® Experience in reviewing similar saddle-supported tanks,

6.3.1.9 Safety Injection Tank

The safety injection tank is a tall vertical vessel, 32 ft 2 in. in
length and 9 ft 0 in. in diameter. The tank is shown on Nooter Corporation
drawing F-6171, and the support system is shown on Bechtel Corporation drawing
C-246. The support system for the tanks consists of a series of trusses which
are supported by the containment structure near the springline and connected
together at the dome centerline. The tanks are connected to the support
trusses by means of a structural framework and vertical hanger members. The
tanks were originally designed assuming a horizontal acceleration of 1.5 g and
a vertical acceleration of 0.2 g, applied simultaneously to the center of
gravity of the vesse1.55'56

The tank, assumed to be full of water and with its truss and hanger
support system assumed rigid, was reevaluated dynamically as shown in Ref. 57

111



and found to have a fundamental frequency of 25 Hz. Based on this frequency
and the in-structure response spectra determined at El 730 ft (Figs. B-~3 and
B-9), a resultant response spectrum fl or acceleration of 0.6 g for 7% damping
was obtained. The SRSS value for horizontal acceleration was then 0.85 g,
which is less than the original design value of 1.5 g. For the vertical
direction, an acceleration value of 0.34 g was obtained from the rigid end of
the vertical response spectrum. This represents a load ratio of 1.34/1.20 =
1.117, an 11.7% increase in dead weight plus seismic load. With this revised
seismic load, the tank and support trusses and structural framework will
remain within ASME III-2 condition D stress limits, given that the tank and
support system is rigid.

However, the tank truss and structural framework support system may not
be rigid. This system is highly complex and the determination of its
frequency characteristics is beyond the scope of this report. If the support
system is flexible, such that the tank is in the near-resonant range, the
horizontal response acceleration would be approximately 4.5 g and the vertical
response 1.5 g. This would result in seismic loads on the support system
three times that considered in the horizontal design and twice that considered
vertically. As a result, ASME condition D stress limits would be exceeded.

We recommend that a detailed reanalysis of the tank and its support system be
performed by the licensee to determine the resultant dynamic characteristics

and stresses in the system for the redefined seismic response spectra.
6.3.1.10 Motor-Operated Valves

The motor-operated valves are shown on Velan Engineering Company drawings
P-33345, P-33345-4, and P33345-3 and Philadelphia Gear Corporation drawings
02-405-0039 and 02-405-0085-4. The response spectra considered applicable for
the motor-operated valves are those for the auxiliary building and containment
building internal structure at 3% damping (see Appendix B).

It has been our experience that, for lines 4 in. in diameter and smaller,
the eccentricity of motor-operated valves ma’ cause additional significant
piping stresses (in excess of 10% of code allowable) that should he considered
in the computation of totz! stresses. The applicable stress levels are
specified by Class 2, condition B, for active valves and by condition D when
only pressure boundary integrity is requ.ced. The stresses induced by valve
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eccentricity increases as the line size decreases.

Calculations performed on randomly selected motor-operated valves (2 in.,
3 in., and 4 in. in diameter) installed in the Palisades Nuclear Power Plant
demonstrate that the stress levels reached are well in excess of the above-
mentioned 108, regardless of service condition.

For a typical ferritic piping material (sh = 15,000 psi), the condition
B and D stress limits would be 18,000 and 36,000 psi, respectively.
Preliminary culculatxonlsa indicate that the stress levels shown in Table 6-3
would be reached in the pipe if a peak acceleration of 1.5 g were applied to
the valves. Based on these values, it is recommended that the licensee
evaluate the stresses induced from motor-operated valves in supporting pipe 4
in. in diameter and smaller. The licensee should show that stresses induced
in the piping by these valves are less than 10% of the pertinent service
condition allowable stresses. Otherwise, the total stresses at motor-operated
valve locations should be calculated to determine if they are within the
established allowables. Alternatively, we recommend that a requirement to
support the valve operators externally be developed and implemented. 1In
addition, the licensee should provide an evaluation in the form of either test
or analytical results which demonstrate the functional adequacy of the valves.

TABLE 6~3. Stress levels induced in supporting pipes by motor-
operated valves.

Pipe diam., Stress,

in. psi % of condition B % of condition D
“ 8,200 45% 23%
3 15,300 85% 43%
2 20,800 116% 58%

6.3.1.11 Control Rod Drive Mechanism

A summary of the original stress analysis of the control rod drive
mechanicm (CRDM) is given in Ref. 59. The mechanism and seismic support are

113



shown on Combustion Engineering drawings 2966~E-2869, 2966-S5E-2554, and
2966-SE-2557. A static seismic analysis of the drive mechanism was performed

to determine if the seismic support allowables were exceeded. A static
horizontal SSE seismic load of 1.35 g was applied to the mechanism, and a
stress evaluation of the various parts of the seismic support was performed.
The stress evaluation was based upon a moment restraint placed 51 in. below
the center of gravity of the mechanism.

The response spectra for the CRDM, which correspond to the reactor vessel
support elevation, are given in Figs. B-1 and B-3. Since the fundamental
frequency of the drive mechanism is 8.3 Hz, the peak acceleration in the two
horizontal directions is 1.06 g for 2% damping. Therefore, the resultant
horizontal acceleration is 1.49 g, and the ratio to the original design value
of 1.35 g is 1.10. If the original CRDM seismic stresses are multiplied by
1.10, the resulting stress values are less than the allowable stress values,
except for the tension stress in the plate bolts. For the plate bolts, the
revised tension stress is 183 ksi, as compared to an original allowable stress
of 176 ksi. The latter value was based on 110% of yield. Furthermore, there

are two sources of additional margin not accounted for in the evaluation:

® Two percent damping of the CRDM was assumed, whereas Combustion
2ngineering testing has reportedly indicated that higher dampi.s cculd
be justified.

® Nonlinearities and friction in the seismic support hardware were
neglected; these effects would tend to further reduce the predicted

response.

We believe that the CRDM will withstand the 0.2-g seismic load without
loss of structural integrity. However, since some resultant stresses exceed
yield, as well as current ASME condition B stress limits, the active function

of the mechanism cannot be assured, based on the reviewed calculations.
6.3.1.12 Pressurizer
The pressurizer is a vertical cylindrical vessel with a skirt-type

support attached to the lower head. The lower part of the skirt terminates in
a bolting flange with sixteen 2-in. bolts, which secure the vessel to its
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foundation. A summary of the stress analysis of the pressurizer is given in
Ref. 60. In 1967 a seismic analysis of the pressurizer shell and internal
tubes, support skirt, shock lugs, and pressurizer support bolts was
performed. The SSE evaluation assunod simultaneous horizontal and vertical
accelerations of 0.20 g. These accelerations were applied statically at the
center of gravity of the pressurizer model.

Since the pressurizer is at El 626 ft of the internal structure, the
response spectra which correspond to El 616 ft and El 649 ft of the internal
structure are considered applicable (Figs. B-5 and B-7). The fundamental
frequency of the pressurizer is 18 8:,61 which indicates a spectral
acceleration of 0.32 g (7% damping) for the horizontal directiors. For the
vertical direction (Fig. B-3), the spectral acceleration is 0.34 g.
Therefore, the resultant horizontal acceleration is 0.45 g, 2.25 t‘mes the
original design value of 0.20 g. For the vertical direction, the ratio of the
revised acceleration to the original design acceleration value of 0.20 g is
1.70.

For the pressurizer heater-tube assemblies, the currently predicted
maximum bending stresses are 2.25 times the results of the analysis given in
Ref. 60, but the stresses are small and well helow the ASME 1I.-2 condition D
stress values. For the support skirt, the currently predicted axial stress is
0.70 ksi, and the bending stress is 1.27 ksi; again, both are small and well
within the ASME III-1 condition D limits. The pressurizer support lugs were
designed for loads due to pipe rupture plus the SSE. Since the pipe rupture
loads control the design and are much larger than the SSE loads, we believe
that an increase in seismic loads will not affect the design of the shock
lugs. It should be noted that the design loads given are for pipe rupture
plus SSE; no individual loads were given. The original stresses in the
support bolts due to overturning moment effects were multiplied by the ratio
of 2.25; the resulting stress was 18.6 ksi, which is less than the original
allowable value of 55 ksi.

Based upon review of the Combustion Engineering calculations and
independent evaluation, we believe that the pressurizer support system will
withstand the 0.2-g SSE seismic event without loss of structural integrity.
Combination of SSE with LOCA loads was not evaluated.
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6.3.1.13 Steam Generators

The steam generators are vertical cylindrical vessels, supported by the
internal structure at El 615 ft 1 in. and laterally restrained at the
operating deck (El 649 ft 0 in.). A summary of the stress analysis of the
steam generator is given in Ref, 62. The original seismic design specified
0.2 g in both horizontal and vertical directions, applied simultanecusly.

The response spectra for the steam generators, which correspond tu
El 649 ft of the internal structure, are given in Figs. B-3 and B-7. The
fundamental frequency of the steam generator was not given but was assumed to
be 10 Hz or greater; therefore, the corresponding spectral accelerations are
0.64 g for the horizontal direction and 0.49 g for the vertical direction.

The resultant value is 0.90 g for the horizontal direction, and the ratio of
this acceleration to the original design value of 0.20 g is approximately
4.50. Por the vertical direction, the ratio to the original design
acceleration value of 0.20 g is 2.45.

The steam generator supports were originally designed to withstand a load
combination which inciudes pipe rupture loads in addition to seismic loads. A
compar ison of the maximum forces and moments for the support structures is

given in Table 6-4. In addition, a comparison of the primary coolant nozzle

TABLE 6-4. Forces and moments in the steam generator supports caused by loads
due to the SSE and a main coolant pipe rupture.

Support component SSE Pipe break

Support skirt:

Horizontal force 0.3 x lt’)6 1b 3.0 x ].06 1b

Vertical force 1.4 x 106 1b 3.0 x 106 1b

Moment about horizontal axis $.0 x 1:)6 ft-1b 12.0 x 106 ft-1b

Moment about vertical axis 0 32.0 x 106 ft-1b
Upper support key:

Force per key 0.12 x 106 1b 0.3 x lO‘5 1b
Upper support snubber:

Force per snubber 0.1 x 1()6 1b 0.2 x 106 1b
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loads for maximum seismic loads and pipe rupture loads is given in Table 6-5.
This table compares design loads, but a comparison of allowable forces or
stresses for the various load combinations is not available. Likewise, no
information concerning pipe nozzle loads, tubing lateral supports, or tubes
and tube sheets was supplied. Because this information was not provided by
the licensee, we do not feel we can comment on the design adequacy of the

steam generator and supports.

TABLE 6-5. Forces and moments in the primary coolant inlet and outlet
nozzle due to seismic and pipe rupture loads.

Force, 10 1b Moment, 107 in.-1lb
Nozzle Fy Fy F, My M, M,
SSE load
Inlet +2.0 +0.4 +0.8 +2.0 +0.2 +2.0
Qutlet +0.12 +0.02 +1.2 +1.2 +0.4 +1.6

Pipe rupture load

Outlet -1.45 +1.77 +1,35 +7.35 +7.35 +7.35

6.3.1.14 Reactor Coolant Pumps

The reactor coolant pumps are vertical components supported by the
internal structure at El 608 ft 6 in. A summary of the stress analysis of the
reactor coolant pumps is given in Ref. 63. The origiial seismic design
specified 0.55 g in both horizontal and vertical directions, applied
simultanecusly.

The response spectra for the reactor coolant pumps, which correspond to
El 616 ft of the internal structure, are given in Figs. B-3 and B-5. The
fundamental frequency of the reactor coolant pump was not given but was
assumed to be in the flexible range; therefore, the corresponding spectral

117



acceleration is 0.9 g (7% damping) for the horizontal direction. The pump was
assumed rigid in the vertical direction; the corresponding spectral
acceleration is 0.34 g. The resultant horizontal acceleration is 1.27 g, 2.30
times the original design value of 0.55 g. The ratio of the revised vertical
acceleration to the original design acceleration value of 0.55 g is 0.62.

The reactor coolant pump supports were originally designed to withstand a
load combination which includes pipe rupture loads in addition to seismic
loads. However, a comparison of seismic and pipe rupture design loads and a
compar ison of allowable forces or stresses for the various load combinations
was not provided. Therefore, based on the limited information provided by the
licensee, we cannot comment on the design adequacy of the reactor coolant pump
and supports.

6.3.1.15 Reactor Vessel

The reactor vessel for the Palisades plant is supported at the nozzles
(centerline El 618 ft 2-1/2 in.) by steel brackets, which are supported in
turn by the primary shield wall. A summary of the stress analysis of the
reactor vessel is given in Ref. 64. The original seismic design specified a
0.468-g horizontal acceleration and a 0.312-g vertical acceleration, acting
simultaneously.

The response spectra for the reactor vessel, corresponding to El 616 ft
of the i ternal structure, ace given in Figs. B-3 and B-5. Assuming the
reactor vessel to be rigid, the corresponding spectral acceleration is 0.28 g
for the horizontal direction and 0.34 g for the vertical direction. The
resultant horizontal acceleration is 0.395 g, whose ratio to the original
design value of 0.468 g is 0.84, For the vertical direction, the ratio of the
revised acceleration to the original design acceleration value of 0.312 g is
1.09. Based upon the above spectral acceleration ratios, it appears that the
reactor vessel will withstand a 0.2-g SSE without loss of structural
integrity. However, due to the limited information provided by the licensee,
we do not feel we can comment on the actual design adequacy of the reactor
vessel and vessel internals.
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6.3.2 Electrical Equipment

The seismic qualification performed on the Palisades plant electrical
equipment, as provided by the licensee in Amendment No. 15 to the FSAR,
p. 7.7-1, is summarized in Table 6-6. The qualification documentation listed

in the third column was not provided for this evaluation.
6.3.2.1 Battery Racks

The battery racks used for the Palisades plant were manufactured by
Gould-National Batteries, Inc.65 They 2prear to be similar in design to the
125-V racks installed in the Dresden 2 and Ginna .tationl,l'ss excapt that
additional diagonal bracing was added at the time of installation at the
request of the architect/engineer. The floor response spectra for the
auxiliary building (El 610 ft, Figs. B-13 and B~14) are assumed applicable ‘o
the battery racks. Given the rigidity of the racks, accelerations applicable
to the racks are essentially the same as the floor accelerations. On this
basis, we recommend that the wooden battens which now laterally restrain the
batteries be strengthened or replaced so that friction between the batteries
and their support rails no longer need be relied upon to carry the seismic

loai.
6.3.2.2 Motor Control Centers

The ac and dc motor control centers (MCCs) are located in the auxiliary
building at El 607 ft. The ac MCCs were supplied by Cutler-Hammer, Inc., and
are shown on drawing 94-D9801ED-837, sheets 1, 2, 3, 4, 9, and 10. The dc
MCCs were supplied by Westinghouse and are shown on Westinghouse Electric
Corporation drawing E13AC-950PB10, sheet 14.

The original seismic design for the ac MCCs considered a 0.25-g
horizontal acceleration and a 0.14-g vertical acceleration, acting
ai-ultaneously.67 For the dc MCCs, the values were 0.283 g (horizontal) and
0.144 g (vertical), again acting silultaneoully.ea

The response spectra considered for seismic design adequacy were those
for the auxiliary building at El 610 ft (see Figs. B-13, B-14, and B-19). The

peak floor accelerations for the N-5, E-W, and vertical directions are 0.38,
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TABLE 6-6.
qualifications.?

Original electrical and instrumentation seismic design

Rquipment Specified Design

Emer gency 0.23 g horiz. 2.5 g for locomotive and marine service.
generators 0.13 vert.

2400~V switch- .25 g horiz,

gear: 0.14 vert.

Breakers 3.0-g vibration test by supplier.

Relays 5.0-g vibration test and dynamic analysis

by supplier.
Structure Bechtel analysis: structure is rigid.
480-V load 0.25 g horiz. Prototype unit shock tested by supplier
centers: 0.14 g vert, at 5 g max.
Transformers 6 g; shock tested at more than 6 g.
Breakers
Relays
Structure
Preferred ac bus, 0.28 g horiz. Dynamic analysis by supplier: unit
Battery chargers, remained operable at 0.75 g.
inverters
Batteries 0.30 g horiz. Designed for more than 0.3 g with cell
0.14 g vert. impact spacers and braces.

Battery rack 0.30 g horiz. Bechtel analysis: structure braced and
0.14 g vert. rigid.

480~V MCC: 0.25 g horiz. Unit designed for 1.3 g for marine

Sreshars 0.14 g vert. service (momentary interruption only).

Starting

Structure

continued

3all seismic Class 1 equipment supported directly on the floor levels have
been analyzed statically for the floor acceleration, and the support
structures, including the anchor bolt systems, have been designed to withstand

the shear load and the equipment overturning moment.

Where seismic Class 1

components are installed within structures, such as control panels or racks
(which are supported from a concrete floor or wall), the structures have been
analyzed and are rigid or restrained such that acceleration is not amplified

above the specified floor-level acceleration.

Component anchorages within a

structure, such as instrumentation mounts, have been determined to be
adequate, since (1) a conservative component mass was assumed, (2) a minimum
standard anchor system was provided, and (3) it was determined that an
acceleration greater than 5.0 g, which is far above the design acceleration,
would be required to reach yield stress in the anchorage system.
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TABLE 6-6 continued.

Equipment Specified Design

Main control 0.30 g horiz. Bechtel analysis: structure is rigid.

boards

Shutdown panel 0.20 g horiz. Bechtel analysis: structure is rigid.
0.13 g vert.

Transmitters 0.30 g horiz. Prototype shock tested at more than 0.5 g
0.14 g vert. by suppilier.

Switches 0.30 g horiz. Prototype shock tested at 15 g by supplier.
0.14 g vert.

Cable trays e Support system braced and rigid.

0.36, and 0.28 g, respectively. The peak spectral accelerations at 3% damping
for the N-S and E-W directions are 1.65 and 1.57 g, respectively. The MCCs
were considered flexible in the transverse direction and rigid

longitudinally. Thus, typical ac and dc MCCs units were analyzed for the peak
spectral acceleration of 1.65 g in the transverse direction and for the floor
acceleration value of 0.36 g in the longitudinal direction. The seismic
accelerations were applied simultaneously to the MCCs, and the resulting
anchor bolt stresses were determined.

The analysis established factors of safety of 20.0 for the ac MCC anchor
bolts and 12.0 for the dc MCC anchor bolts, when compared to ASME III-2
condition D stress limits. Therefore, we believe that the ac and dc MCCs will
withstand a 0.2-g SSE seismic event without failure of the control centers'
anchorage system, However, no information was supplied concerning the design
adequacy of the control cabinets or the functional adequacy of the coitained
electrical components. Hence, additional analysis or test information is

required before structural integrity and design adequacy can be assured.
6.3.2.3 Switchgear
The switchgear for the Palisades plant are located in the auxiliary

building at El 590 ft and El 607 ft. They were supplied by the Allis Chalmers
Mfg, Co. and are shown on Allis Chalmers drawings 18-463-546-417,
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18-463-546-418, 18-463-546-419, 72-422-906, and 72-422-907.

The original seismic design for the switchgear specified a 0.25-g
horizontal acceleration and a 0.14-g vertical acceleration, acting
ailultanoounly.69 Allis Chalmers has stated that, since the switchgear has
withstood recorded input shipping shocks of 3 g (horizontal) and 1 g
(vertical), the switchgear should withstand the scismic accelerations
specified. This would be true if the suppcrt of the switchgear during
shipment were similar to that of the installsd sw)rtchgear. In general,
however, this is not the case¢. Also, the shock during shipment gives no
information as to functional adequacy during a seismic disturbance.

The response spectra considered for seismic design adequacy are those for
the auxiliary building at El 610 ft (Figs. B-13, B-14, and B8-19). The peak
floor accelerations for the N-S, E-W, and vertical directions are 0.38, 0.36,
and 0.28 g, respectively. The peak spectral accelerations at 3% damping for
the N-S and E-W directions are 1.65 and 1.57 g, respectively.

The switchgear cabinet support anchorage was analyzed for the peak
spectral acceleration of 1.65 g in the transverse direction and the floor
acceleration value of 0.36 g in the longitudinal direction. The seismic
accelerations were simultaneously applied to the switchgear, and the resulting
anchor bolt stresses were determined. The analysis established a factor of
safety of 1.18 for the assumed 7/8-in.-diameter A-307 bolts, based on ASME
stress limits. If the bolt diameter is actually less than 7/8 in., the factor
of safety would be less than one, and the design would be inadequate. Also,
the number of anchor bolts per unit has been taken as four, whereas the
drawings indicate the posrsibility of six anchor bolts per unit. Therefore, we
recommend that the licensee verify the size and number of anchor bolts used to
Secure the switchgear to the floor. Furthermore, no analysis or test results
have demonstrated the structural integrity of the switchgear racks or the
functionality of the contained electrical components. Hence, additional
analysis or tests are required before structural integrity and functional

adequacy can be assured.
6.3.2.4 Control Room Electrical Panels

The control room electr cal panels, which were supplied by the Harlo

Corporation, are located in the control room at El 625 ft; their arrangement
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and location are shown on Bechtel Corporation drawing M-183. The original
seismic design specified a 0.3-g hori~ontal acceleration and a 0.l4-g vertical
acceleration. The method used to determine design adequacy assumed that the
structure is tiqid.7°

Since response spectra for Fl 625 ft of the auxiliary building are not
available, the floor acceleration values were taken as the average of the El
610 f* and El 640 ft values (Figs. B-13, B-14, B-15, B-17, and B~19). The
corresponding peak floor acceleraticns for the N-S, E-W, and vertical
directions are 0.40, 0.39, and 0.28 g, respectively. Since these values are
higher than the original spectral design values, it is recommended that the
licensee verify the seismic design adequacy of the panels for a simultaneous
seismic acceleration of 0.4 g in both horizontal directions and 0.3 g in the

vertical direction.

6.3.2.5 Transformers

The transformers for the Palisades plant, which were supplied by the ITE
Circuit Breaker Company, are located in the auxiliary building at El 607 ft
and are shown on ITE drawings 33-42924-P-02, 33-42924-P-01, and 73488-B3l.

The original seismic design specified a 0.25-g horizontal acceleration ~.ua a
0.14-g vertical acceleration, acting sinultaneously.n

The response spectra considered for seismic design adequacy are those for
the auxiliary building at El 610 ft (Figs. B-13, B~14, and B-19). The peak
floor accelerations for the N-S, E-W, and vertical directions are 0.38, 0.36,
and 0.28 g, respectively. The seismic accelerations were applied
simultaneously to the transformer, and the resulting anchor bolt stresses were
determined. The analysis considered the center section to act separately from
the end units. The resultant factor of safety, as mecasured against ASME III-2
condition D stress limits for the assumed A307 anchor bolts, is 22.5. For the
end units, the overturning effect produces uplift, and since the end units are
not tied down, we recommend that they be anchored. Insufficient information
was supplied to evaluate either the structural adequacy of the framework which
supports the transformers or the functional adequacy of the transformers.

123



6.3.2.6 Electrical Cable Raceways

Seismic loads were not considered in the original design of cable tray
supports. Recent ustsu have indicated that damping salues of 20% or more
may be justified for cable trays and their supports; nonetheless, an
evaluation of the existing cable tray system required for safe shutdown,
including supporting documentation of the design assumptions used, is required
before design adequacy can be assured.

6.4 PIPING

The results of the Palisades piping analyses will be published
uparately.” This brief summary is intended only as a preliminary

overview. Portions of four major piping systems were analyzed:

Residual heat removal (RHR) system.
Component ccoling system.
Auxiliary feedwater system (three portions were modeled, including the
steam line to the P-8B turbine).
® Regenerative neat exchanger (RHE) letdown system.

Throughout, it was assumed that suitable stress analyses of the supports and
substructure were performed for the original loads.

The results of the analyses performed on the RHR piping indicate that
stresses in this piping will be well within allowable limits during a seismic
event equivalent to the postulated SSE. However, where compa: ison was
possible, support loads were found to be generally higher than those
determined in the original analysis. Further examination of the support
members subjected to significantly higher loads is warranted. 1In addition,
the anchor loads determined in the reanalysis are generally higher than the
original loads. Further consideration should be given to the nozzles since
the anchor moment loading has increased significantly.

Piping stresses for the component cooling model are well within allowable
limits for an SSE event. The support loads determined in the reanalysis are
generally higher than the known original loads, but the increases do not
appear large enough to warrant anticipation of failures. No conclusiong were
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drawn for those supports where original loads were unknown. The anchor loads
based on the SEP acceptance criteria are generally higher than the original
loads. Further consideration should be given to the nozzles in cases where
the loads have increased significantly.

The reanalysis results for a portion of the auxiliary feedwater piping
between pumps P-8A and P-8B show that ASME Code stress limits will be exceeded
during an SSE event. The overstressed points occur near pump P-8A. These
high stresses result from a deficiency in east-west lateral restraint. When
relief valve (RV 0783) discharge loads are concidered in conjunction with the
SSE loading, a large increase in the loads on support R227C is indicated.

This support should be reevaluated for this increased load. Insufficient data
were available for anchor load comparisons; thus, no conclusions were drawn
concerning nozzle capabilities.

Analysis of a model of a second portion of the auxiliary feedwater system
showed no piping stresses above Code allowables for the SSE. Insufficient
data were available for comparisons of support and anchor loading. No
conclusions concerning support or nozzle structural adequacy were drawn.

In the third analysis of the auxiliary feedwater system, the piping
between the steam line and the P-8B turbine was modeled. Results show that
ASME Code stress limits will be exceeded during an SSE event. Additional
lateral and vertical dynamic supports are needed in the vicininty of the
piping upstream from valve PCV 0521A. Addit..unal vertical and lateral dynamic
supports are also needed in the vicinity of valve MS 0522A. Support loads for
the SSE czse are also generally higher than the known original loads. Results
indicate that rod hangers Hll, H13, and H14 will probably buckle and become
ineffective. Nonetheless, the increased support loads are not great enough to
warrant anticipation of failure. No conclusions regarding support structural
adequacy could be drawn in those cases where original loads were unknown.
Insufficient data were available for anchor load comparison; therefore, no
conclusions regarding anchor or nozzle structural adequacy were drawn.

The results for the RHE letdown piping show that ASME Code stress limits
will be exceeded during an SSE event. The high stresses ~re primarily due to
a deficiency in axial and lateral restraint near the downstream vertical leg
of the expansion loop nearest valve CV 2003. Insufficient data were available
for support or anchor load comparisons. No conclusions were drawn conceraing

support or nozzle structural adequacy.
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6.5 SUMMARY AND CONCLUS IONS

Table 6-7 summarizes our findings on the sample of mechanical and
electrical components and distribution systems that were evaluated to
determine the seismic design adequacy of items required for the safe shutdown
of the Palisades nuclear steam supply system. As discussed in Sec. 6.1, this
sample includes components the review team selected, based on judgment and
experience, as representative of the lower-bound seismic design capacity of
Palisades. The components of the sample were also chosen to represent
important generic groups.

Based upon the design review and independent calculations for the SEP
seismic load condition, we recommend design modifications or reanalysis of
several mechanical and electrical components to ensure rthat they can withstand
the 0.2-g SSE without loss of structural integrity as required to perform
safety functions. 1In general, no information was prcvided which demonstrated
the functional adequacy of mechanical and electrical equipment evaluated at
the Palisades plant. The specific mechanical and electrical components which

require additional evaluation and possible design modification are marked by
asterisks in Table 6-7.

126



TABLE 6-7. Summary of conclusions.
Item Description Conclusion and recommendation
1 Essential service water OK for structural integrity if discharge

10

pump*

Auxiliary feedwater pumps*

Component cooling heat
exchangers

Component cooling surge
tank

Diesel generator oil
storage tanks*

Boric acid storage tank
Hydrazine tank
Sodium hydroxide tank

Safety injection tank*

Motor-operated valves*

head stresses are within code allowables
(no use of cast iron). Aside from the
anchor bolts, functional integrity was not
evaluated because of lack of design detail.

OK for structural integrity. Functional
integrity was not evaluated because of lack
of design detail.

OK.

No evaluation was performed, since
no drawings or design calculations were
available.

OK.
OK.
OK.

OK if tank support structure is rigid.
Complex support structure should be
evaluated for dynamic characteristics to
ensure that rigidity assumption is correct.

Generic analysis of motor-operated valves
on lines 4 in. in diameter or smaller
should be performed to show that resulting
stresses in the pipe are less than 10% of
the applicable condition B (active) or
condition D (passive) alliowable stresses.
Otherwise, stresses induced by valve
eccentricity should be introduced into
piping analysis to verify design adequacy,
or a procedure should be implemented
whereby all such motor valves are
externally supported., Also, verification
of structural adequacy and function of the
valves themselves were not demonstrated.

continued

127



TABLE 6-7 continued.

Item Description Conclusion and recommendat’on
11 Control rod drive OK for structural integrity. Based on the
mechan i sm* calculations reviewed, active function
cannot be assured.

12 Pressurizer OK.

13 Steam gunerators* Insufficient information provided to verify
design adequacy.

14 Reactor coolant pumps* Insufficient information provided to verify
design adequacy.

15 Reactor vessel supports Insufficient information provided to verify

and internals* design adequacy.

16 Battery racks* Racks OK, except wooden lateral bracing
should be replaced or strengthened to carry
full seismic inertial loads.

17 Motor control centers* Anchorage OK. No informati n available to
evaluate rack structural ade ruacy or
electrical component functior lity.

18 Switchgear* Anchorage OK if anchor bolts «re 7/8 in. in
diameter; otherwise, design modifications
may be necessary. No information available
to evaluate switchgear rack structural
adequacy or electrical component
functionality.

19 Control room electrical Licensee to verify seismic design adequacy.

panels*

20 Transformers* End units of transformers should be
securely anchored. No information
available to evaluate structural adequacy
or electrical functionality.

21 Electrical cable raceways®* Cable tray support systems shcald be

evaluvated for seismic loads induced by
0.2-g SSE.

*Components requiring additional evaluation and possible design
modifications, See text.
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APPENDIX A: EVALUATION OF THE EFrCTS OF ASSUMING
<0% MAXIMUM MODAL DAMPING

A.l ANTRODUCT ION

In the eva'uation of the seismic response of the Palisades containment
wid auxiliary buildings, compos.ite mudal camping ratios were computed by
considering both the expectea structure damping and the energy dissipation
within tue soil. 7The latter effect incluued buth geometric (or radiation)
gamping ana soil material damping. Calculation of the compusite modal damping
values was vased on energy proporticiiing, as discussed in Chapter 5.

It was decided to ilimit the composite modal damping to no more than 20%
ot critical for voth Lhe containment anc auxiliary wuilaings. Siace both
structures have calculatea horizontal geometric acamping ratios significantly
awvcve tne «0% limit, less eiergy was assumed to be dissipated than woula be
predicted theoretically for modes involving significant horizontal soil
response. Furthermore, the use of modal uamping often leads to a substantial
aitference between the location where energy is assumed to be dissipated ana
Lue location where it is actually dissipated. FPor instance, the assumption of
moaal damping may lead to the prediction that less energy is dissipated in tne
s0il aid more in the structure tnan is actually tne case for moues with large
amounts of soil damping and significant structural response.

in craer to investigate tnese effects, an iadepenuent, coniirmatory
analysis was conducted for the containment builaing, using a discrete washpot
L0 simulate the energy aissipation in tue soil. 7This analysis was conuucted
for one case, using the full theoretical value computed for the horizontal
damping tactur. A seconu case was investigated using /5% of the tueoretical
horizontal geometric camping value. The 75% level was based on the review of
Vo€ set or test results conuucied for tne San Onofre Nuclear Generating
Station, Units 2 and 3.A-l These tests involved concrete slabs embedded
difterent amounts in the soil. The full theoretical value of rocking damping
was used in the analyses for both cases.
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A.2 METHOD OF ANAL'(.1S

The analysis of the containment ouiiding with a discrete aashpot
simulating the energy aissipation tna* re ults fram horizontal translational
soil modes was performed by direct integration of the equations of motion
using the computer program mm-zo.“’z For case i, the full theoretical
54% horizontal geometric camping was combined with 5% soil material damping to
give a horizontal energy dissipation corresponding to 39% of critical
damping. For the second case, 26% of critical was used for the horizontal
geometric damping. This was combined with tr. 5% s0il material damping to
give an overall value of 31% of critical for the horizontal damping. (These
values were determined as described in Sec. 5.3.1.) The 1emainder of the
two-aimensiunal analytical model was the same as was used in the modal
analysis described in Chapter 5. The same rocking damping was used, and the
structural aamping was again assumed to be 3% of critical for all moaes (as
recommenuec in Ref. A-3) for prestressed and well-reinforced concrete with
stresses at no more than one-half the yield point. The analysis was conducted
for the meaian soil case with a limited check for the upper-bound soil.

Damping was incorporaced into the model for the time-history analysis
differently than for the moaal analysis. For the time-history analysis using

DRAIN-2D, the viscous camping matrix was assumeud to be of tne form
(c] = a[m] + B[] + [l
where

[c] = system damping matrix,
[M] = system mass matrix,

[K] = sysi>m stiffness matrix,
a,p = damping parameters,

thJ = concentra-.a dashpot matrix.

The dashpot was addea along the diagonal of the system damping matrix at the
uegree of treevom with which the uashpot is associated.
The input for the time-history analysis consisted of an artificial

earthguake whose response spectra are clouse to the smouthed spectra in
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R.G. 1.60 but do not necessarily envelop the R.G. 1.60 spectra at all
trequencies (Fig. A-l). The direct integration of the equations of motion was

performed using a technique which assumes constait acceleration within the

time step. The method is stable for all frequencies and does not introduce

numerical damping, obut small time Steps are required. Integration time steps

i ' T YIYYTIT T T T T]’TITYT T 1 YIVT

Acceleration (g)

Frequency {Hz)

F1G. A-l. Response spectrum (2% damping) used for the time-history analysis

of the containment builaing, superpused on the currespunding smootied spectrum
from R.G. 1.60.
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of 0.01 8 w : used in the analysi.. This time step is expe.ted to provide
good accuracy for freguencies up to near 20 Hz, which is adequate for the

region of interest ior the reactor containment vuilding.

A.3 BUILDING RESPONSE

Maximum shear and moment distributions throughout the structure,
including the cocntainment vessel and concrei® internal structures, as
determined from the time-history analysis are shown in Figs. A-2 and A-3. For
the purpuse of comparison, the correspunding shear and moment distributiouns
obtained from the response-spectrum modal analysis (using composite modal
damping with a 20% upper limit) are shown in the same rigures. This
compar ison indicates that the latter analysis results in somewhat higher
response throughout the structure, compared with eitier of the time-history
cases. For case 1 (fuil theoretical geometric damping), base shear in the
containment is approximately 10% greater using the 20% wamping limit; shear
remains about 4% greater at the higher elevations. Shear in the concrete
internals is about 9% to 13% greater for the 20% damping case., Bending
moments are approximately 5% greater at the base of the containment vessel and
abocut 1.1% greater in the concrete iaternals, FPor case 2, using 75% of tae
theoretical damping, somewhat less reduction in response is indicateq;
huwever, both shear and moment response tnroughout the structure are somewhat
less than computea using the composite modal damping limited to 20% of
critical. lnese cumparisons are not expected to be exact, since the response
spectrum proauceu by the time history is not identical with the R.G. 1.60
spectrum. (onsequently, icentical responses woula nct be expected, even if
the dampino were treated in exactly the same manner. However, the results are
consigered representative in uetermining the effects of the 20% limit on moaal
damping.

From these results, it is apparent that for the Palisades analysis the
use of composite modal damping limited to 20% ot critical prouuces slightl;
conservative structural response results. Such an approach is therefore

acceptaolie.
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A.4 IN-STRUCTURE RESPONSE SPECTRA

To evaluate the effects of composite mocal damping (as used in Chapters 5
and 6) on the response uf equipment as well as on the response of the
structure, in-structure response spectra were generated for several locations,
using tuG respunse vbtained from the two time-hisiory analysis cases uescribed
above. In-structure response spectra for 3% equipment damping were generated
for the median soil case at ihe cuitainment puilding base slab (El 590 ft), at
the top of tihe concrete internals (El 649 ft), and at E1 730 ft in the
containment vessel; and ror the upper-bound soil case at El 6l6 ft and El
649 ft in the internals.

These spectra were smoothed and broadened as described in Sec. 5.6 and
are snown in Figs. A-4 through A-8. For compariscn, the correspunding spectra
for 3% equipment camping, developed using the 20% maximum modal damping
results, are snown in the same figures. At the vase slab and containment
vessel locations, the in-structure spectra produced by the two methods are
similar in shape and magnituue, tnough tne time-hiscory results are, in
general, somewhat lower than those developed using the 20% li: .t on modal
damping. Tuis 1s particularly true in che high-frequency regions, wnere the
decrease in the spectra corresponds to a similar cecrease in the structural
response acceleration lev=is. Only very slight ditferences are eviaent waen
compar ing spectra generated using the full theoretical geometric damping with
those generated using /5% of the theoretical value.

At the top of the concrete internal structure, some modification in the
snape of the response spectrum is nctea. This occurs because of changes in
the response contributions from the second and third horizontal modes. The
second norizontal mode (5.8 Hz) is pasically a soil translation mode, wnereas
the thira horizontal mode (12.9 Hz) is primarily shear aeformation of the
concrete internals structure, with little soil displacement. Use of the
discrete soil dashpot tends to add a significant amount of camping to the
secona mode, while the damping of the third mode is cecreased in comparison
with the composite modal damping limited to 20% of critical. This is
reflected in the in-structure response specira shown in Fig. A-5, where, for
the time-history results, the response near 13 Hz is amplified while that near

6 Hz 18 attenuated.
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in the region of 1l Hz, the respunse spectra generaced using the discrete
dashpot approach exceed somewhat the corresponding spectra based on the
compusite modal uamping metnod. This is true for the median soil case and for
the upper-bouna cease (Fig. A-7). If the actual soil modulus is near or less
tnan tne median value used in the analysis, the envelope of spectra accounting
for the soil range will cover the increase in response obtained by using the
aiscrete uashpot metiwd. In any event, as shown in Figs. A-4 through A-8, tue
aiscrepancies between the spectra generated by the two methods are limited to
very narrow freguency ranges. Thus, it 18 cuncluded that the response spectra
generatea using composite moual damping limited to 20% of critical are
acvequate for evaluations of piping and equipment,
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APPENDIX B: IN-STRUCTURE RESPONSE SPECTRA

The following 20 figures depict the in-structure resporse spectra

developed from the models shown in Figs. 5-3 and 5-7.
discussed briefly in Sec. 5.6. They are the basis of

equipment and piping in Chapter 6.
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The spectra are
the reassessment of
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FlG. B-1. Comparison of horizontal in-structure response spectra for the containment building base slab.
ine specira recalculated on the basis of R.G. 1.60 envelop the total range of soil properties. Labels

indicate equipment damping ratios.
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¥1G. B-2. Horizortal in-structure response spectra for the contaimment building base slab, based on
R.G. l.00 spectra. The spectra illustrate the variation with the different soil conditions aiscussed in

the text. The =quipment damping ratio was 0.03 for all three spectra.
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R.G. 1.60 spectra. The spectra envelop the total range of soil properties. Labels indicate equipment
samping ratios. These spectra are typical for all elevations in the containment building.
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FIG. B-5. Comparison of horizontal in-structur- ‘esponse spectra for the internal structures (El1 616 ft).
The spectra recalculated on the basis of R.G. 1.60 envelop the tutal range of soil properties. Labels
inaicate equipment damping ratios.
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F1G. B-6. Horizontal in-structure response spectra for the internal structures (El 616 ft), based on
R.G. l.00 spectra. The spectra illustrate the variation with the different soil conditions discussed in
the text. The equipment damping ratio was €.03 for all three spectra.
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FIG. B-7. Horizontal in-structure response spectra for the internal structures (El 649 ft), based on
R.G. 1.00 spectra. "The spectra envelop the total range of soil properties. Labels indicate equipment
damping ratios.
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FIG. B-8. Horizontal in-structure response spectra for the internal structures (El 649 ft), based on
R.G. 1.60 spectra. The spectra illustrate the variation with the different soil conditions discussea 1in

the text. The equipment damping ratio was 0.03 for all three spectra.
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FiG. B-9. Horizontal in-structure response spectra for the containment shell (El1 730 ft), based on
R.G. 1.60 spectra. The spectra envelop the total range of soil properties. Labnls indicate equipment
aamping ratios.
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FIG. B-10. Horizontal in-structure response spectra for the containment shell (El 730 ft), based on
R.G. 1.60 spectra. The spectra illustrate the variation with the different soil conditions discussed in
the text. The equipment damping ratio was 0.03 for all three spectra.
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F1G. B-1l. Comparison of E-W horizontal in-structure response spectra for the auxiliary building base
slab. The spectra recalculated on tne basis of R.G. 1l.v0 envelop the total range of soil properties.
Labels inaicate equipment damping ratios.



191

10 } T v A4 : L e e | ' . L Ll T v ;e fas 4 I g Ll . v L Mg b T‘
" |Auxiliary building EI 590 ft ]
i N-S response a4
} b
i — R.G. 1.60 y
. —== QOriginal design i
C,
°
s 1 -t
@ -
® - "]
Q
Q - ~
< : x
s A
b 4
0.1 It L s aaaal i i s g aaaal A A R il
0.01 0.1 1 10

Period (s)

FIG. B-12. Comparison of N-S horizontal in-structure response spectra for the auxiliuy buuding‘bue
slab. The spectra recalculated on the basis of R.G. 1.60 envelop the total range of soil properties.

Labels inaicate equipment damping ratios.
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FIG. B-13. East-west horizontal in-structure response spectrum for the auxiliary building (El 610 ft),
vased on R.G. 1.60 spectra. Tne spectrum envelops the total range of soil properties. The equipment
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FIG. B-14. North-south horizontal in—-structure response spectrum for the auxiliary building (E1 610 ft),
based on R.G. 1.60 spectra. The spectrum envelops the total range of soil properties. The equipment

damping ratio is 0.03.
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F1G. B-15. Comparison of E-W horizontal in-structure response spectra for the auxiliary building (El
040 ft). The spectra recalculated on the basis of R.G. 1.60 envelop the total range of soil properties.
Labels inaicate equipment damping ratios.
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FIG. B-16. East-west horizontal in-structure response spectra tor the auxiliary building (El 640 ft),
pased on R.G. 1.60 spectra. The spectra illustrate the variation with the different soil conditions
discussea in the text. The equipment damping ratio was 0.03 for all three spectra.
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FIG. B-17. Comparison of N-S horizontal in-structure response spectra for the auxiliary build.ng (El
640 ft). The spectra recalculated on the basis of R.G. 1.60 envelop the total range of soil prunerties.
Labels indicate equipment damping ratios.



L9T

‘0 A L T YTIVYT T L 'j"'VT L i pleieiaTe Gesdadi Jidad S s i

" |Auxiliary building E1 640 ft 3
b N-S response :
- 4
s ]
. -

Upper soil
Median soil
Lower soil

V'Tl

Acceleration (g)
o A i B l

1

——

0.1 i 1 e a- o o il i i i SR T L e e ok Rk b

Period (s)

FIG. B-18. North-south horizontal in-structure response spectra tfor the auxiliary building (El 640 ft),
pased on R.G. 1.60 spectra. The spectra illustrace the variation with tne different soil conaitions

discussed in the text. The equipment damping ratio was 0.03 for all three spectra.
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FIG. B-19. Vertical in-structure response spectra for the auxiliary building (El 640 ft), based on

R.G. 1l.00 spectra.
damping ratios.

The spectra envelop the total range of soil properties.

Labels indicate equipment

These spectra are typical for all elevations in the auxiliary building.
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F1G. B-20. Vertical in-structure response spectra for the auxiliary building (El 640 ft), based on
R.G. 1.60 spectra. Tue spectra illustrate the variation with the different soil conditions discussed in

the text. The equipment damping ratio was 0.03 for all three spectra.
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