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FOREWORD

The U.S. Nuclear Regulatory Commission (NRC) is conducting the Systematic
Evaluation Program (SEP), which consists of a plant-by-plant limited
reassessment of the safety of eleven operating nuclear reactors that received
coastruction permits between 1956 and 1967. Because many safety criteria have
changed 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 eleven* SEP plants were categorized into two groups based upon the
extent to which seismic design was originally considered and the gquantity of
available seismic Jesign documentation. The Millstone 1 Nuclear Power Plant,
the subject of this report, was categorized under Group 1 un the assumption
that encugh documentation existed to perform the SEP review.

A detailed evaluation of plant structures and the hundreds of individual
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
addit.onal components, based upon their potential seismic fragility.

This report reflects a collective effort on the part of the fo'llowing
persans:

e T. A. Nelscn 2nd R. C. Murray, (Lawrence Livermore National Labecratory
(LLNL);, who provided project management support and compiled the
report.

o C. Y. Liaw, (EG&G/San Ramnn Operations), who conducted the seismic
reevaluation of major structures.

e 0. A. Wesley, (Structural Mechanics Associates, Inc.), who conducted
the se'smic reevaluation of ancillary structuras.

e J. 0. Stevenson, (Structural Mechanics Associates, Inc.), wno
conducted the seismic reevaluation of mechanical ard electrical
equipment and »f the fluid and electrical distribution systams.

This limited assessment of the Milistone 1 facility relied in large part

Jpen the guidance, procedures, and recommendations of recognized seismic

*The licensee has proposad deferring SEP review of Oresden 1. The facility is
currently shutdowr and w111 not restart until 13986.

fii
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design experts. Accordingly, a Senior Seismic Review Team (SSRT) under the
direction of N. M. Newmark was established. Members of the SSRT and their
affiliations are:

Nathan M. Newmark, Chairman (Deceased, January 25, 1981)
Nathan M. Newmark Consulting Engineering Services
Urbana, IL

William J. Hall
William J. Hall Consulting Engineering Servicas
Urbana, IL

Robert P, Kennedy (Donald A. Wesley, Alternate)
Structural Mechanics Associates, Inc.
Newport Beach, CA

John D. Stevenson (Frank A. Thcmas, Alternata)
Structural Mechanics Associates, Inc.
Cleveland, OH

Robert C. Murray (member since Octcber 1, 1380)
Lawrence Livermore National Laboratery
Livermore, CA

The SSRT was charged with the following responsibilities:

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

o To assess the safety of selected older nuclear power piants 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
already at such levels.
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The SSRT developed its general philosophy and presentad it in the first
SEP report, which reviews Unit 2 of the Draesden Nuclear Power Station
(Ref. 1). The limited assessment of Millstane 1 reported nere is the fifth in
the series of SEP seismic reviews of Group 1 plants.

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

A limited oeer review of this report was conducted by the SSRT to enc<ure
its consistency with the review priilosophy established during the SSRT's
review of Dresden Unit 2 and to review the results of the limited reanalyses
of plant structures 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 did not review all aspects of the plant's
operation and the safety margins available to assure that those 2lements and
components needed for seismic safety would not be impai-2d Deyond the point
for which they can be counted on for seismic resistance bDecause of urusual
operating conditions, sabotage, operator error, or other causes. These
aspects will havk been studied by others. However, wher2 ynacceptable risks
of essential elements not being able to function properly to resist sefsmic
svents were noted or inferred, greater margins of safety or provision for
redundancy 1n the design of these elements are considered Dy the SSRT to de
necessary.

The authors wish to thank T. M. Cheng, technical monitor of this work and
W. T. Russell, Chief, SEP Branch, at the NRC, for their continuing support.
Thanks also 3o to C. A. Meier of LLNL and D. Vaughan of £G&G/San Ramon
Operations for publications support.

The authors especially wish to acknowledge the accomplishments of Or.
Nathan M. Newmark (Deceased January 25, 1981), Chairman of the SSRT, for his
guidance and direction during the course of this study. He will be deeply
missed by all who worked with him.
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A limited seismic reassessment of tne Millstone 1 Nuclear Power Plant was
performed by the Lawrence Livermore National Laboratory (LLNL) for the U.S.
Nuclear Regulatory Comm‘ssion (M%) as part of the Systematic Evaluation
Program (SEP). The reassessment focused generally on the rzactor coolant
pressure boundary ar '’ ~n those systems and components necessary to shut down
the reactor safely and to maintain it in a safe shutdown condition following 2
postulated earthquake characterized by 4 peak horizontal ground accesleraticn
of 0.2 g. Unlike 3 comprenhensive <esign analysis, the reassessment was
limited to structures and components deemed representative of generic
classes. Conclusions and recommendations about the ability of selected
structures, equipment, and piping to withstand the postulated earthquake are
presentad.

vii
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CHAPTER 1: INTRODUCTION

This report describes work at the Lawreonce Livermore National Laboratory
(LLNL) to reassess the seismic design of the Millstone 1 Nuclear Power Plant.
This Timited reassessment includes a review of the original seismic design of
selectad structures, equipment, and components and includes seismic 2nmalyses
of selected items using current modeling and analysis methods.

The LLNL work is being performed for the U.S. Nuclear Regulatory
Commission /NRC) as part of the Systematic Zvaluatiorn Program (SEP). The
purpose of the SEP is to develop a current documented basis for the safety of
elaven*™ older operating nuclear reactors, including Millstone 1. The primary
objective of the SEP seismic reviaw program is to make a seismic safety
assessment of the plants based on a limited sample of structures, systems, and
components and, where necessary, to recommend backfitting in accordance with
the Code of Federal Requlations (10 CFR 50.109, Ref. 2). The important SE?
review concept is to determine whether or not a given plant meets the "intent®
of current licensing criteria as defined by the Standard Review ?lan
(Ref. 3)--nct to the letter, but rather to the general level of safety that
these criteria dictate. Additional background information about the SEP can
be found in Refs. 4 and 5.

1.1 SCOPE AND OEPTH OF REVIEW

This review of Millstone 1 is considerably different in scope and depth
fram current reviews for construction permits and operating licenses. [ts
focus is limited to identifying safety issues and to providing an integrated,
balanced approach to backfit considerations in accordance with 10 CFR 50.109,
which specifies that backfitting will be required only if it can be
demonstrated that such backfitting will provide substantial, additional
protection for public health and safety. Adequate demonstration requires an
assessment of Sroad safety issues by considering the interactions of various
systems in the context of overall plant safety.

«*The licensee has proposad deferring SEP review of Oresden 1. The Facility
is currently shutdown and will not restart until 139€6.
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Because individual criteria do not generally control broad safety issues,
this review is not based on demonstrating compliance with specific criteria in
the Standard Review Plan or Regulaiory Guides. However, current licensing
criteria do establish baselines ajiinst which to measure relative safety
factors to support the broad integrated assessment. Therefore, we compare the
seismic resistance of the Millstone . facility in a qualitative fashion to
that dictated by the intent of today's licensing criteria in order to
determine acceptable levels of ;afety and reliability.

References in this report to load ratics and safety factors do not refer
in an absolute sensa to acceptable minimums, but to design-based levels
thought to be realistic in light of current knowledge. In general, original
levels do not represent maximum levels because such unclaimed factors as Tow

tress and a structure's ability to respond inelastically contribute t2
seismic resistance. [n particular, resistance to seismic motions does not
mean the complete absence of permanent deformation. Structures and equipment
may deform into the inelastic range, and some 2lements and components may even
be permitted to suffer damage, provided that the entire system can continue o
perform its safety function and to maintain a safe shutdown condition.

This seismic reevaluation of Millistone 1 centers on:

o An assessment of the integrity of the reactor coolant pressure
boundary; that is, major components that contain coolant for the core
and piping or any component not isolatable (usually by a double valve)
from the core.

e A general evaluation of the capability of essential structures,
systems, and components to shut down the reactor safely ana %o
maintain it in a safe shutdown condition, including removal of
residual heat, during and after a postulated Safe Shutdown Zfarthquak?
(SSE). The assessment of this subgroup of equipment can De used t3
infer the capability of other such safety-related systems as the
Emergency Core Cocling System.

Not all equipment was examined as part of this reassessment. The intent
was to examine mechanical and electrical squipment representative of itams
installed in the reactor coolant system and safe shutdown systems at the
Millstone 1 facility for structural integrity and electrical and mechanical
functional operapility. Components that potentially have a high degree of
seismic fragility were selected for review in ~rder to estimate the
lower-bound seismic capacity in generic classes of equipment. The selection
was made during 1 site visit Dy representativas of the NRC, the SSRT, LLNL,
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and its subcontractors. The methods of selecting representative equipment for
this limited assessment are described in detail in Chapter 6.

Structures housing the selected systems were analyzed to demonstrate
structural adequacy and to generate seismic input to equipment. The major
structures reviewed for the Millstone 1 plant include the reactor building,
with its related internal structures, turbine building, and radwaste/control
building. For the structural evaluation, a peak horizontal ground
acceleration of 0.2 g was used along with a Pegulatory Guide (R.G.) 1.80
response spectrum (Ref. §).

The SSE is the only earthquake level considered in the review Decause it
represenc: the limiting seismic loading to which the plant must respond
safely. Present licensing critaria sometimes result in the Operating Basis
Earthquake (0BE), which is usually one-half of the S3E, controlling the design
of structures, systems, and components for which operation, rather than
safety, is at issue. Because a plant designed to shut down safely following
an SSE will be safe for a lesser earthquake, investigation of the effects of
the QBE was deemed unnecassary.

To ensure safety in a seismic evaluation, certain elements and components
of an entire system must continue to function under normal operating and test
loads both during and following an earthjuake. The seismic review team did
not review all aspects of the 2lant's cperation, nor did they review the
safety margins available to assure that vital elements and components would
withstand unusual cperating conditions, sabotage, operator error, Or cther
nonseismic events,

This renort addresses structures, systems, and components in the as-built
condition, including mcdifications made to all seismic Category I components
since the issuance of the operating license. I[nformation apout structures,
systems, and compcnents was primarily cbtained from the Millstone 1 docket
(Docket 50245) maintained by the MRC in Bethesda, MD. Additicnal information
was supplied by the utility and the architect-engineer either through
correspondence or during site visits.

1.2 PLANT DESCRIPTICN
Jointly owned and operated by the Connmecticut Light and Power Company,

the Hartford Slectric Lignt Company, Western Massachusetts glectric Company,
and the Millstone Light Company, the Millstone 1 plant (Fig. 1) 's located on



DRAFZ

the Millstone Point peninsula which projects from southeasterr Connecticut
into Long Island Sound. Unit 1 fs a Mark ! boiling water reactor, commonly
designated as a BWR. The plant was designed to produce a maximum Output of
2011 MW of heat and 552 MW of net electrical power. J

General Slectric Company, the prime contractor for the plant, engaged
Ebasco Services, Incorporated, as their architect-engineer. Most seismic
analysec were conducted by John A. 3lume and Associates, Engineers.

The plant has been in operation since 1970 under Provisional Operating
License No. OPR-21. Application for a full-term operating license is under
consideration,

1.2.1 Seismic Categor zation

Using Appendix A of the Safety Analysis Raport (Ref. 7) as a guide, the
plant equipment and structures were categorizei into one of two seismic
classes as follows:

Class ] structures and equipment are those whose failure could cause
significant release of radicactivity or which are vital to a proper shutdown
of the plant and the removal of decay heat. These include:

Structuras
Drywell, Vents, Suppression Champer (Torus), and Penetrations
Reactor 3uilding
Control Room (and supporting part of Radwaste Building)
Gas Turbine 3uilding
Ventilation Stack
Radwaste “uilding
Intake and Discharge Structure
Equipment
Nuclear Steam Supply Systems (NSSS)
Reactor Vessel
Reactor Vessel Supports
Control Rods ind Orive System (including equipment necessary
for scram oneration)
Contro! Rod JOrive Thimble Supports
Fue! Assemblies
Core Shroud
Core Supports .




DRAFT

Recirculating Piping System including valves and pumps*
A1l piping connections from the Reactor Vessel up to and
including the first isolation valve external to the drywell.
Isolation Valves
Condensor (hot well only)
Reactor Emergency Systems
Isolation Condenser Syste .
Standby Liquid Control System
Core Spray System
Core Reflooding 3ystem
Reactor Building Closed Loop Ccoling
Containment Spray System
Service Water System
Standby Gas Treatment System
Fuel Storage Facilities including spent fuel and new
fuel storage equipment
Electrical Power Systems
Standby Diesel Generator
Station Battery
Diesa] Generator
Emergency Busses and other electrical gear that supply power
to critical equipment, including startup transformer
Instrumentation and Contrals
Reactor Pressure and Level [nstrument2®icn
Feedwater Control Instrumentation
Standby Liquid Control System I[nstrumentation
Manual Reactor Control System
Control Rod Instrumentation
Control Rod Position Indicating System
Reactor Protection System
Neutron Monitor System
In-Core Neutron Monitors
Area Monitors a
Turbine 3uilding Secondary Cooling Water System

*Piping was here considered as one type of equipment.
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Class 2 structures and equipment are those that are not essential to 2
proper shutdown but are related to the operation of the station. These
include:

Structures
Turbine Building
Service Building
Office Building
Radioactive Wastz Building (that portion not Class I)
Equipment
Tursine Generator
Cranes
Shutdown Cooling System
Reactor Cleanup System
Waste Disposal System
Turbine Moisture Separators
Air Compressaors and Receivers
A1l other Piping and Equipment nct listed under Class 1
Note that these c.assifications differ from those in Regulatory Guide 1.25,
(Ref. 8) which was issued after the design of Millstone 1 was completed.

1.2.2 Principal Structures

The primary structures of the Milistone 1 plant are shown in Fig 1 and
identified in Fig. 2. The reactor building (Fig. 3) is a reinforced concrete
structure that houses the reactor and its auxiliary systems. [ts square Ddas2
measures 142 £t 6 in along each side. The reactor vessel and the
recircula‘ion system are contained inside the drywell of a prassure
suppression containment system. The primary containment system consists of
the drywell, vent pipes, and a pool of water contained in the suppression
chamber. The reactor buildino encloses the primary containment systam,
thereby providing a second contanment. In addition, all refueling aquipment
is inside the building, including the spent fuel storage pool and the new fuel
storage vault.

The reactor service and refueling area is served Dy an overhead dridge
crane designed to handle the reactor vessel nead, the staam separators and
dryers, the drywell head, the drywell shielding dlocks, and the spent fue!
shipoing casks during refueling and maintenance. A refueling service platform
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with necessary handling and grappling fixtures serves the refueling area and
spent fue! storage pool. A passenger-freight elevator provides access to the
various floor levels of the building.

The turbine building is a reinforced concrete structure founded on rock.
The base of the building is approximately 178 ft by 300 ft. This building
houses the turbine-generator and the associated equipmeat for generating
electric power. It also houses emergency cooling components.

The radwaste building is a reinforced concrete structure also founded on
rock. Laocated north of and adjacent to the reactor building, it includes
equipment ind tankage spac~e below grade and housas the plant control room
above grade. The area below grade is of reinforced concrete walls with a
stee] framed roof. The control room has reinfcrced concrete walls and a
steel-frame roof.

The gas turbine building fs a reinforced concrete structure on top of
piias driven to rock. The roof is a concrete slao, supported on stzel Deams.
The gas turbine flocd protection requirements are met by placing the gas
turbine and the control equipment at elevaticn 1/ ft and providing the
building access caors with flood gates tc elevi*ion 19 ft.

The stack is an unlined, axi-symmetric reinforced concrete structure
which i{s free-standing. Foundation supporting media information was not
given. The stack was modeled as a flexible cantilever system with the base
fixed at the foundation surfiace. ’“orty lumped masses wers connected Dy Deam
members ‘n the mode’.

1.3 CARGANIZATION OF REPORT

This report contains six chapters. Chapter 2 cummarizes our assassment
of the ability of Millstone 1 to resist the stipulated SSE aveit. The chapter
also identifies potential deficiencies and areas that may require further
study.

Chapter 3 describes the gener 1 basis for reevaluation of structures and
aquipment. '

Chapter 4 summarizes the original facility's seismic design criteria for
structures, equipment, and piping. The chapter also includes a.summary of the
original calculated seismic response and acceptance criteria.

Chapter 5 compares the seismic loacdings and responses for which the
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facility structures were originally designed with corresponding seismic
loadings and responses derived using technigues thought to be more realistic
in light of current knowledge.

Chapter 6 contains an evaluation of the capability of mechanical and
electrical equipment, and fluid- and eiectrical-distribution system to resist
seismic loads and to perform the..' necassary functions. Evaluations are based
on the floor input generated in Chapter 5, along with other available
information.
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CHAPTER 2: SUMMARY AND CONCLUSIONS

Within the limited scope of this reevaluation, we examined typical
structures, equipment, components, and systems:
B To assess the adequacy of the existing plant to perform necessary
safety functions during and following an SSE.
] To qualitatively judge the overall factor of safety with regard %o
seismic resistance.
" To make specific recommendations on upgrading or retrofitting, as
appropriate.
For the SSE structural evaluation, a peak horizontal ground acceleration
of 0.2 g was used along with Regulatory Guide (R.G.) 1.50 response spectra.

2.1 STRUCTURES

Structural reassessment results are reported for the reactor building and
drywell, the radwaste/ccatrol building, the ventilation stack, the turdine
building, the condensate storage tank, a typical buried pipe, a tynical buried
tank, the suppression chamber, ring headar, torus, and support system, and the
gas turbine building.

A structure was generally judged to be adequate without the need for
additional evaluation if it met one of the following three criteria:

A. Reassessment loads are less than original design loads. Here we
assumed that the structures were designed and constructed adequataly
to resis’ the design seismic loads.

8. Stress avaluations indicate that combined static and dynamic stresses
(including seismic) do not exceed SEP acceptance limits.

C. For cases in which structural stresses axceed yield, the astimated
resarve capacity of the structures would permit inelastic
deformations without failura.
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2.1.1 Reactor Building and Orywell

The reactor building was originally analyzed for a Teft time history
record with 0.07 g SSE, then checked for C.17 g SSE. The reassessment was
based on a3 0.2 g SSE which resulted in higher shear forcas and overturning
moments. Results indicated that the highest stressed elements in the reactor
building were the exterior shear walls and the reactor shield walls. The
predicted stresses in the shear walls were below the calculated capacities.
Therefore, it is considered that the structure has sufficient strength %0
resist the 0.2 g SSE loads.

The reassessment saismic moments and shears in the drywell were larger
than the original values. However, the totals of the predicted static
stresses plus seismic stresses wer2 within the current code allowables, and
the drywell is considered acceptable for the 0.2 g SSE.

2.1.2 Radwasta/Cc tro! Building

The reanalysis indicated that the walls of the above grade structure
housing the control rocm have sufficient strength to resist the 9.2 g S3E
loads. Results indicated that the highest stressed elements in this building
are in the stairway structure which is independent of the contrsl room portion
of the building.

2.1.3 Ventilation Stack

The stack was seismically reassessed since collapse of the stack mignt
damage the nearby control building and the essential equipment within. The
seismic (SSE) moments in the stack predicted Dy the reassassment were larger
than the original analysis values. while elastic analysis indicated that a
significant portion of the stack might develop cracks along tne cross section,
the stresses from the combined static and SSE load condivions remained within
the current code allowables. The adequacy of the connection of the piles %o
the footing should be verified to ensure that the 35 kips tension per pile can
be safely resisted. |
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2.1.4 Turbine Building

Subsequent to the original design of the turbine building, the diagonal
bracing of its lateral load resisting system was reinforced in the north-soutn
direction. The reassessment analysis is based on this modified system.
Results indicated that the stresses in the frames and bracing were generally
below yield. Although the diagonal bracing .n one end wall resisting
east-west loading as stressed at yield, the rigid frames in this direction
should have enough reserve capacity to allow the structure to resist a 0.2 g
SSE load. However, the bracing should be investigated for:

e non-ductile failure modes; and

e sufficient strength in the connections to develop yield stress of the

bracing members.

2.1.5 Condensate Storage Tank

The reanalysis of the condensate storage tank indicated that anchor Dolt
pullout would not be expected during an SSE if the embedment length meets
minimun building code requirements. However, details of the empbeiment were
not available for review. Although code allowable stresses are excecced in
the bolt thread area, failure of the bolts is not expected. The tank wall is
sufficiently thick to prevent buckling. Frictional resistance between the
tank and the underlying footings was high enough to preclude any relative
displacement between the tank and the ground. Therefore, the above eritical
alements of the condensate storige tank are considered iadequate to withstand
the 0.2 g SSE.

However, it is considered likely that without the presence of the anchor
bolt chairs as originally specified, failure of the welds at tha intersection
of the battom plate and the cylindrical shell should be expected for the 0.2 3
SSE. Although a double fillet weld is specified, the bottom plate is quite
thin and Targe local bending moments as well as uplift tension forces must de
resisted. [t is recommended that the tank je medified to include the
originally specified anchor chairs or an eyuivalent capacity restraint,
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In the reanalysis, stresses were typically compared with ASME Code
allowables. These comparisons indicated that the maximum pipe stress due to
seismic wave propagation without the effacts of discontinuities or end point
motion is small. In addition, the stresses resulting from abrupt directional
ghange of buried pipe are expected to be well below the allowable stress
level. Strains induced by relative motion where pipe enters a building may
cause stresses above yield; however, failure is not expected. The critical
buried pipelines are therefore concluded to be adequate to resist the 0.2 g
SSE.

2.1.6 Underqround Piping

2.1.7 Buried Tank

No analysis of buried tanks was coducted during the design of
Millstone 1. As part of the reassessment, a typical underground tank (the gas
turbine fuel oil storage tank) was analyzed for the 0.2 SSE. The maximum
principal stress in the tank was estimated to be well below the ASME
allowable; therefore, it is concluded that the buried tanks will sufficiently
resist the 0.2 g SSE load.

2.1.8 Suppression Chamber - Ring Header - Torus, and Support System

A reevaluation to determine the seismic capacity of principal components
ot the suppression chamber was conducted using the fundamental frequency
predicted by the original design model. Seismic response accelerations were
determined in accordance with SEP guidelines. SSE induced end plate bdearing
stresses, pin shear stresses, and tensile stresses in the tie rods are within
acceptable limits. [f the ends of the rods do not have upset thr2ads, the
minimum yield strength may be exceeded in the threaded region. Inelastic
deformations in this region may be acceptable provided non-ductiie failure
modes do not exist. The configuration of the tie-rod ends needs to Dde
determined. The predicted seismic stresses in the columns and torus are
expected to be small compared to the stresses resulting from dJeadweight and
the postulated loss-of-coolant accident (LOCA). Therefore, we recommend that
the adequacy of the torus and column system be b2sed on an avaluation which
includes both the pool dynamic loads due to LOCA and seismic loads. The
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seismic 1o-ds used for this evaluation should be those resulting from an
analysis performed in accordance with current seismic criteria.

2.1.9 Gas Turbine Building

The gas turbine building is a reinforced concrete structure on top of
piles which are driven to competent rock. The anaiysis of the building was
conducted using the response spectrum from the 1952 Taft time history record.
Only the critical (E-W) direction results were reported, although the analysis
was performed in two directions. Based on a comparison with Regulatory Guide
1.6) spectra, increases in the response of up to approximately 40 percent
could be expected if no frequency shift or amplficati~n resulting from
averburden flexibility is considered. No details of tne soil characteristics
were available to assess these effacts, and it is unlikely that these effects
will be of sufficient magnitude to result in structure damage %o the extant
that the critical system's functionality would be impaired. It is
recommended, however, that the affects of the structure foundation flexibility
should be considered when considering the seismic input for these equipment
systems.

2.2 MECHANICAL AND ELECTRICAL EQUIPMENT, AND
FL!IID AND ELECTRICAL DISTRIBUTICN SYSTEMS

As discussed in Chapter 6, typical mechanical and electrical eguipment,
compcaents, and distribution systems were salected for review Dy an SEP review
team composed of the authors plus SSRT and NRC staff members. The review was
largely based on the judgment and experience of team members. There is wide
variation in the documentation of original specifications applied to
procurement of equipment, as well as current qual fication standards for
equipment. While some qualifications for an item of equipment are quite
specific, others are generic and apply to a class of equipment rather than
specific items at Millstone 1.

Because we lacked essential seismic design and qualification data on the
Milistone 1 plant, our review of the seismic design adequacy of mechanical and
alectrical equipment is incomplete. Additional tests and anaiyses which
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demonstrate functionality of active components must be developed bdefore
definite conclusions can be drawn. In many cases the minimum design details
needed to review the design and make appropriate calculations were
unavailable. Therefore, we were unable to confirm the capability of a number
sf mechanical and electrical components to withstand the 0.22 g SSE without
loss of structural integrity and required safety function. A summary of the
qualification status of various electrical and mechanical components follows.
Chapter 6 contains detailed discussion of the adequacy of these items.

e Emergency service water pump: bolting must be revised; no design
details available to determine functional integrity; if cast iron
material was used, it must be replaced.

e Emergency condenser: OK.

e Shutdown heat exchanger: OK.

o GEmergency cooling water heat exchanger: provide additional
longitudinal restraint or conduct further analysis to determine the
adequacy of the rastrainer without the restraint.

e Recirculation pump suppart: OK for structural integrity; further data
needed to evaluate functional integrity and to determine seismic loads
on pump snubber supports.

Emergency diesel oil storage day tank: UK.
Motor operated valves: functional adequacy not demonstrated; further
analysis needed to verify design adequacy on lines 4 inches or less.

e CRD nydraulic control system: insufficient data available; no
evaluation made.

Reactor vessel, supports, and internals: OK.

e Battery racks: an additional longitudinal restraint is required;
further analysis is needed.

e Motor control centers: OK, contingent upon demonstration of design
adequacy of 5lack wall to which supports are attached; no information
on function.

Transformers: no evaluations; design details umavailable.
Switchgear panels: no evaluations; design details unavailable.
Control room electrical panels: no evaluations; design details
unavailable. "
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o Diesel generator remote control boards: OK contingent upon
demonstration of design adequacy of block wall to which supports are
attached; no information on function.

e Battery room distribution panels: OK contingent upon demonstration of
design adequacy of block wall to which supports are attached; no
information on function,

o Electrical cable raceways: no evaluation made; however, it is
recommended that lateral restraint be provided unless design adequacy
is demonstrated.

2.3 PIPING

Piping calculations were performed for the SEP evaluation by £G&G/Idano
and are summarized in Ref., 9. Portions of the feedwater, shutdown cogling,
condensate transfar, and diesel 0il piping have been analyzed using
independently developed finite element models. Original analysis methods as
described in Ref. 9 were simulated and new analyses incorporating current ASME
Code and Regulatory Guide requirements have been performed and comparisans
made. [t was assumed for all the following piping systems that a suitable
stress analysis of the supports, substructures and anchor nozzles was
performed for the original loads. A reanalysis of these items was beyond the
scope of this effort and was not performed. Since no original load data were
provided, no comparisons of support or anchor loads could be made. In
addition, no conclusions regarding structural adequacy of supports or anchors
could be drawn for any of the subject piping systems. Major conclusions from
the comparison studies include:

e Feedwater Piping: From the analyses performed on the feedwater mogel
it can be concluded that stresses in the piping wiil not be axcassive
during a seismic event. Adjacent piping and/or structure should de
checked to ascertain that the three inch deflections indicateg Dy the
“current criter * analysis do not cause unanticipated impact loads.
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¢ Shutdown Cooling Piping: The piping stresses will exceed allowable
limits at two locations during an a postulated seismic event. These
high stressed areas are at the junction of tha eight inch and fourteen
inch piping and are primarily caused by insufficient lateral restraint
of the eight inch piping included in the model. Adjacent piping
and/or structures should be checked to ascertain that the two inch
deflections indicated by the “current criteria” analysis do not cause
unanticipated impact loads.

e (onden:cate Transfer Piping: The resylts of the analyses performed on
the subject portion of the condensate transfer piping indicata that
stresses in this piping will not exceed allowable limits during a
seismic event. As previously recommended, clearance should de checked
near areas of high deflection to ascertain that impacts w~ill not accur.

o Diesel Qi1 Line: The piping stresses for the diesel aoil piping model
were well within allowable 1imits for an SSE event. However, the
presence of the assumed spacers between the 0il Tine and the jacket
piping should de verified so that the possibility of impact loading
between the two pipes may be assessed more fully.

The spectra used to analyze the feedwater and shutdown cocling piping
were generated from reactor building floor moticns at an elevation near these
systems. After completion uf these analyses, new spectra were generated
inside the drywell. In the new spectra, the accelerations were reduced in the
high frequency regions; however, the general concliusions drawn for these
systems remain the same. 3oth spectra are included in Appendix A.

2.4 (CONCLUDING REMARKS

B8ased on the combined experience and judgment of the authors and the
SSRT, reviews of the original design analysas, and comparisons with similar
items of equipment and compcnents in more recently designed nuclear power
plant facilities, w»e conclude that:
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¥ Structures and structural elements of the Millstone 1 facility are
adequate to resist an earthquake with a peak horizontal ground
acceleration of 0.2 g, provided additional analysis, design
modification, or verification as stated above are conducted.

. while much of the 2quipment proved to be adeequate for seismic
loading, some items needed to be modified and insufficient data was
available for . ‘er items. Therefore, no definitive statement can
be made about the overall seismic design adequacy of mechanical and
electrical equipment.

We therefore recommenc:

. As discussed in section 2.1, the following actions are necessary to
demonstrate seismic adequacy of structures:
¢ Provide additional restraint to the bottom of the condensate
storage tank by adding the originally specified anchor bolt
chairs or a restraint of equivalent capacity. [f the original
bolts are used in this tank, verify their embedment length.
Qutlet piping details should be examined to ensure integrity.
e Evaluate the tie-rod ends and columns of the torus for SSE
loading and evaluate SSE and LOCA loading.
o Assess the forthcoming results of gas turbine building analysis
considering foundation flexibility.
® That modifications and/or additional analyses De made as necessary
to the mechanical and electrical equipment items listed in Sec. 2.2
in order to demonstrate seismic design adequacy.

. Mocifications to piping or additional analysis be made as listed in
Sec. 2.3.
B That a1] safety related electricul equipment in the plant Dde

checked for adequate engineered anchorage; that is, the anchorage
should Se found to be adequate on the basis of tests or analysis
employing design procedures (load, stress and deformation limits,
materials, fabrication procedures, and quality acceptance) in
accordance with a recognized structural code. In addition, the
aquipment inside the cabinets and panels should be checked for
seismic design adequacy.
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That a general reconnaissance of the plant be made to identify
items that are (1) overhead or suspended, (2) on rollers, or (3)
capable of sliding or overturning. All items, whether permanently
installea or not, that could dislodge, fall, or displace during an
garthquake and impair the capability of the plant to shut down
safely should either be modifi~d or moved so that they no longer
jeopardize the plant.
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CHAPTER 3: GENERAL B8ASIS OF SEP REEVALUATION OF STRUCTURES AND EQUIPMENT
3.1 GENERAL APPROACH TO REEVALUATION

The seismic reevaluation part of th: SEP centers on:

. Assessment of the general integrity of the reactor coclant pressure

boundary.

B Evaluation of the capability of essential structures, systems, and

components needed to shut down the reactor safely and maintain it in
a safe shutdown condition during and after a postulated Safe 3Siutdown
Earthquaka (SSE). This includes the capability to remove resigual
heat after the earthquake.

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 define the nature and extent of
retrofitting, if any, required to make these plants acceptable if they are not
already at acceptable levels,

As used in the previous paragraph, the tarm “relative” is not to De
construed as avaluation based on the norm of current criteria, standards, and
procedures, but, instead, in the light of knowledge that led to such 1 level
of design. It would be unreasonable %o assume that an older plant would
consist of structures, equipment, components, and systems that would meet
current criteria in every instance; even sg, those 1tems that do not meet
current criteria may be-entirely adequate i the sense of meeting the spirit
of current criteria.

Within the scope of the investigation, it was impossible to reexamine
gvery item in detail. On the other hand, by 2xamining selected structures,
equipment, components, and systems individually, it was felt it would De
possible to assess their adequacy and general margin of safety for meeting the
selected 3SE hazard. Thereafter, on the basis of avaluation of the
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structures, items of equipment, or systems, as appropriate, it should be
possible to provide:

5 Judgmental assessment of the adequacy of the existing plant %o
function properly during and following the SSE hazard, including
judgmental assessment of the cverall margin of safety with regard to
seismic resistance.

% Specific comments pertaining %o upgrading or retrofitting as may de
appropriate.

The detailed basis of the reevaluation approach to be followed gener.ily
is presentad in Refs. 4 and 5. The specific Dases of reevaluation are
described next.

3.2 SEISMIC INPUT AND SITE CONDITIONS

Seismicity intormation forms the basis for arriving at the effective peak
transient ground mo*ions (accaleration, velocity, and displacement) for use in
arriving at response spectra, time nistories, etc. in the reevaluation. The
original regional and site geologic and seismic information used to establish
seismic input parameters has been reviewed in light of current «nowledge A
final comparison can be made between the site specific seismic input and the
seismic input assumed in this evaluation when the data become available.
Preliminary results from the SEP Site Specific Spectra Program (Ref. 10)
indicate that the predicted SSE peak ground acceleration (PGA) is larger than
that used in the ariginal analysis (0.17 g). Therefore, a PGA of 0.2 g, along
with R.G. 1.50 spectra, was used for reassessment analyses reported nerein.

As mentioned in Ref. 11, the specified OBE was less than nalf the orig 1al
SSE. It should be verified that items for which the design is normally
controlled by the 0BE, possess adeguate margins of safety to ensure that they
are appropriately conservative for SSE locading.

3.3 STRUCTURES
In examining a structure, the first task is %o summar ize the nature and

makeup of the structure in the lignt of both the original design ¢riteria and
information on the as-constructed plant. Alsoc required is a summary of the
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design analysis approaches that were used, including loading combinations,
stress and deformation criteria, and controlling response calculations. For
evaluating the seismic design criteria, it is generally necessary to know the
seismic input employed originally. the applicable levels of damping, and the
modeling approach used in the analyses.

With the seismic criteria applicable to the reevaluation known, and with 2
knowledge of other normal loading criteria deemed to De necassary, the
response to the seismic excitation can be estimatad. In some cases it may Dde
necessary, as deemed appropriate, to carry out new seismic analyses with the
original model or new models.

Overall reevaluation of a structure will invulve consideration of many
factors, includ..g those discussed in the following subsections.

3.3.1 Response Spectra, Damping, and Nenlinear 3enhavior

Reevaluation of a structure will include comparison of original response
spectra to 2Tyeig response spectra, along with appropriate damping
values and ctors. Table 1 compares the damping values specified
in R.G. 1.51 (Ref. 12) with those recommended in NUREG/CR-0098 (Ref. 4! for
reevaluation purposes.

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

Damping (% of critical damping)
NUREG/CR-0098
R.8. 1.61 (SSE) (recommended when strasses
are close to yield)

Reinforced concrete 7 7 to 10
Prestressed concrete 5 S to 7
Welded assemblies 4 § to 7

301ted and rivetad assemblies 7 lo‘to 15
Piping 2 or 3 2 to 3
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The reason for permitting higner damping values for the reassessment is
discussed in Ref. 4. Although there are limited data on which to bDase damping
values, it is believed that the R.G. 1.61 values are conservative to ensure
that adequate dynamic response values are obtained for design purposes. The
lower values in the NUREG/CR-0098 column of values in Table 1 are in most
cases close to the R.G. 1.61 values. The upper values in the NUREG/CR-0098
column are best-estimate values believed to be average or slightly above
average values. We recommend that these upper values be used in evaluations
of existing facilities for stresses at or near yield, and when moderately
conservative estimates are made of the other parametars entering into the
evaluation.

1t is recomaended in Ref. & that low values of ductility factors (1.3 to
2) be used for conservatism and to help ensure that no gross ceformation
occurs in any critical safety elements. An assessment of the local element
deformation and its role in system performance requires carefyl evaluation and
is largely judgmental in evaluating safety.

3.3.2 Analysis Models

The reevaluation includes a consideration of the adequacy of the models
used in the original analysis. This consideration must include an assesiment
of possible effects of such factors as overturning and torsion. In the
reevaluation of Millstone 1, state-of-the-art analysis procedures were used
wherever faasible.

3.3.3 Normal, Seismic, and Accident Loadings

in the reevaluation we considered the usual comdbinations of normal
loadings (dead load, live load, pressure, temperature, etc., as appropriate)
with seismic loadings. Design basis accident load effects were not
considered. However, ta preclude an earthquake-initiated loss-of-ccolant
accident, the r~eactor coolant pressure doundary was examined to make certain
that under an SSE event it would remain within code prescriied bdenavior limits.
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3.3.4 Forces, Stresses, and Deformations

The reevaluation assessed the reasonableness of the forcas (axial ind
shear forces, and moments) and associated stresses and deformations used in
the original design along with their adequacy in the light of the s2ismic
criteria applicable to the reevaluation. Such studies involve consideration
of effects arising from horizontal and vertical excitation and take into
account the proportion of total effects attributed to seismic factors. Alse,
the amount of limited nonlinear benavior that is tn be accommodated fis
evaluatad as may be appropriata.

3.3.5 Relative Motions

The affect of any gross relative motions that mignt influence interaction
affects between buildings is taken into account as a part of the reevaiuation.

3.4 EQUIPMENT AND DISTRIBUTION SYSTEMS

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

A major task of the reevaluation process is o identify the critical
safety related systems and the criteria originally used for procurement and
seismic qualification of equipment. For such systems selected, representative
items or systems were identified on the basis of:

o Physical inspection of the facility (wnere specific itams were
identified as appearing possibly to have nearly lower bound seismic
resistance).

e Representative sampling.

After system or item identificatiocn, and after ascertaining the nature of
the seismic criteria used during procuremert or gualification, the
reevaluation affort invoives 2 detailed assessment of the original design in



DRAF

the light of current knowledge about equipment vulnerability to seismic
excitation. Specifically, the evaluation involves consideration of the
following items.

3.4.1 Seismic Qualification Procadures

The initial reevaluation assessment ‘s concerned with the original
seismic ¢ *‘cation 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
originc1 seismic design criteria with those currently applicable. This area
of assessment invelves consideration of such items as the in-structure
response spectra, modeling, dynamic coupiing, and damping.

3.4.3 Forces, Stresses, and Deformatiors

For those items af equipment for whizh loads, stresses, or deformations
may be a major factor in design and performance, the reevaluation invalves:

¢ Examination of the original 'oading combinations and analyses.
Calculation or estimation of te situation that exists under the
reevaluyation criteria. Particular attention is directed %o the effect
of any increase in seismic component of load, stress, or deformation.

3.4.4 Functionality

For those items of aquipment that are defined _s active in R.G. 1.48,
qualification testing or analysis, when performed, nas deen used to
demonstrita the structural integrity of such equipment. Operapility of such
squipment has become a generic concern for all power reactors. In the interim
period until the completion of this generic activity, mai ‘ntenance of the
structural intagrity and judgments reached concerning operability of such
squipment Jrovide reasonable assurance that they will function following the
sccurrence of an earthquake up to and including the specified SSE.
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3.4.5 Nonlinear Behavior

Ductility factors in excess »f 1 are not permitted in active equipment
unless it can be clearly demonstrai.4 that functional ability is not impaired
and a significant margin of performance still remains. In components of
passive mechanical and electrical aquipment and distribution systems mace of
ductile material, component ductility limits should range between 3 and 5.

3.5 MISCELLANEQUS [TEMS

In a subsequent step of the reevaluation, it may De appropriate %2
evaluate such items as sources of water faor amergency core cooling and %0
assess whether or not any potential problems could occur with dams, intake
structures, cooling water piping, or other items that form part of the
ultimate heat sink.

3.6 EVALUATION OF ADEQUACY

3ased on the reevaluation assessments as described above, an overall
avaluation of the adequacy of the critical structures and representative
equipment items and systems is made. Such an evaluation takes into account
analytical 1ssessment of factors of safety, as well as judgment. We alsc
considered the adequacy of individual items as they pertain to overall systam
performance.
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CHAPTER 4: ORIGINAL SEISMIC DESIGN CRITERIA
4.1 INTRODUCTION

This chapter presents the original seismic desi,. criteria for
Millstone 1. The seismic loadings for seismic Class [ structures, egquipment,
and piping are de‘ined, and the seismic response and allowable stress criteria
for critical structures are cutlined. The data presents” 1n this chapter
define the design basis and are used to form the basi. ror comparison with
current seismic crileria in Chapter 5. Most ¢f the information has been drawn
from the FSAR; detailed references are given, in the sections describing the
individual analyses.

4.2 OESIGN EARTHQUAKE MOTION

Millstone was designed for an earthquake (equivalent to the operating
basis earthquake, or 0BE) with a peak horizontal ground acceleration, Agay+
of 0.07 g (Ref. 7, Sec. XII and Appendix F). The maximum earthquake
(equivalent to the safe shutdown earthquake, or SSE) was defined by scaling
the 0BE by 17/7, thus generating an earthquake record with an A . of
0.17 g. A simultaneous vertical acceleration equal to two-thirds of the
horizontal 2cceleration was also considered in the plant design, witn the
loads ad: J absolutely where applicable.

Oyramic response-spectrum analyses were performed using the smeothed
response spectrum (Fig. 4) recommended in Ref. 12. The origin of this design
response spectrum is unknown. Oynamic time-history analyses were dased on the
first 12 seconds of an accelerogram from the July 21, 1952, Kern County
sarthquake as recorded in the Taft, Lincoln School Tunne! (NSSW component),
normalized 2 a maximum accelerztion of 0.07 g. The responsa spectrum (Fig.
§) calcu ated from the normalized time history for 0.5% damping generally

envelops the smooth response spectrum of Fig, 4 (Ref. 7, Am. 17, question
VII-AQII)Q



4.3 SEISMIC ANALYSES

Table 2 is a 1ist of the Class [ systems at Millstone, showing the
original seismic analysis method by which esach was evaluated.
descriptions of these anmalysis methods that follow, the emphasis will be on
the general characteristics of each method.
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Later, in the more detailed

descriptions of the individual analyses, appiicable details will be noted.

In the brief

Class I instrumentation piping

Reactor pressure vessel

[solation condenser, LPCI
pump, containment heat
eachanger

Lateral deflection and
force evaluation
curves

Response specirum

Response spectrum

None

TABLE 2. Seismic analysis methods used by the licensee to evaluate Class I
systems.
[tem Type of analysis Model
Structures:
Reactor building Time history Lumped mass and 2eam
Ventilation stack Time history Lumped mass and beam
Radwaste building/control room Time history Lumped mass and beam
Condensate storage tank Time history Lumped mass and Seam
Gas turbine buiiding Response spectrum Single mass and
spring
Intake structures Equivalent static Unknown
Irywell Time History Lumped mass and Zeam
Suppression chamber Response spectrum Single mass and
spring
Piping and equipment:
Recirculation locp piping Response spectrum Lumped mass and deam
Main steam lines and other Equivalent static Lumped mass and bean
Class I piping in reactor didg
Class [ piping in turdine Dldg Egquivalent static Unknown

Lumped mass, Deam,

and spring

Single-degree-of -

freedom?

continued
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TABLE 2 continued.

[tem Type of analysis Model
Class [ equipment in reactor gEquivalent static Unknown
bldg
Class [ equipment in turbine Equivalent static Unknown
b'idg
Batteries and racks Equivalent static None
Fuel racks in fuel storage Response spec:rumb Plate and beam
pool
Components of off-gas Unknown Unknown
modifications
Le-Xr 2quipment Unknown Unknown
Safety instrumentation Unknown® Unknown

dcyrther details unavailable.
bBoron carbide neutron-absoraer platas were gqualified by test.

CA test program was proposed for seismic gualification, but it is not known
whether it was carried out.

4.3.1 Methods of Analysis

4.3.1.1 Oynamic Methods

The seismic designs of the reactor building, the ventilati~n stack, the
drywell, and the radwaste building/control room were Dased on time-nistory
analyses, using as input the recor: of the Kern County earthquake normalized
to 0.07 g. A constant vertical acceleration of 0.05 g was also applied.
Seismic responses, such as member intarnal forces, displacements, and
acceleraticns. =ere computed for sach mode at each instant of time. Modal
responses were tnen added together directly. Little information is availadble
on the computer programs used for the analyses. For the drywell, the size of
the intagration intarval was given as 0.005 s.) In the analysis of the
radwaste building/control room, the structural mode! was anaiyzed twice, once
aleng e2ach horizontal building axis. The maximum horizontal reldonse in
conjunction with the vertical response was used as the basis for design. The
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condensate storage tank was 1150 analyzed using the time-history method, but
no details of the analysis are available.

Oynamic response-spectrum analyses, using the smoothed response spectra
shown in Fig. 4, were performed on the gas turbine building, the pressure
suporession chamber, the recirculation loop piping, the reactor pressure
vessel, and other pieces of equipment. Vertical loads were applied
simultaneously in the analyses of the gas turbine building, the torus, the
piping, the reactor pressure vessel, and the fuel racks in the fuel storage
pool. In the analysis of the gas turbine building and the piping, the maximum
of two orthogonal horizontal analyses was used as the basis for design. For
the fuel racks, analyses were performed for the three components of moticn,
and the responses were combined as the square root of the sum of sgquares.

The computer programs used for the dynamic analyses were not identified,
exceyt for the analysis ~f the fuel racks in the fuel storage pcol, where the
STARDYNE code was used.

4.3.1.2 Static-Equivalent Methed

The static-equivalent method depends on seismic coefficients (in g's) to
obtain static lateral forces for structural design. The forces are simply the
products of the seismic coefficients and structural weights. In the analysis
of Millstone 1, the coefficients for the piping and equipment in the reactor
building were basad on the dynamic analysis of the building itself. The
absolute acceleration results from the time-nistory analysis were used %0
generata the curve shown in Fig. 6. Seismic coefficients for rigidly attached
equipment or piping at a given elevation were then taken directly from the
curve, The seismic ccefficients for other components that were analyzed dy
the equivalent-static method are discussed in the sections on the individual
analyses.

4.3.1.3 Latera] Deflection and Force tvaluation Curves
Design curves developed by John A. 3Tume and Associates were used in the

analysis of Class [ instrumentation piping. Pipe spans were chosen as
specified in Power Piping USAS 831.1.0 so that stresses were less than
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1500 psi at loads of 0.5 g. The period of each piping span, which depends on
the length of the span and the size of the pipe, was then established from the
Blume design curves. Each span was required to respond rigidly: 1its period
was required to be less than half that of the supporting structure,

4.3.2 Damping

Damping values specified for the design of Millstone (Ref. 7, Sec.
XII-1.7) are given in Table 3, along with damping values for varicus Class I
items. 3ecause the evalyation for the SSE was based on scaling the loads
developed for the 0BE by 17/7, the same damping values were used for bdoth
garthquakas.

A rocking mode was considered in the analysis of the reactor bduilding,
but no further note was taken of soil damping. (Most of the Class [
structures have foundations supported on bedrock or on piles driven %0
bedrock.) No method was developed for estimating the damping of structures in
which more than one structural material was used.

4.4 STRESS CRITERIA

Millstone was primarily designed for a 0.07-g 0BE. Stresses resulting
from this axcitation, in combination with stresses imposed dy nonseismic
loeds, were held to code-allowable levels., The allowable stresses for
reinforcing steel, concrete, and structural steel in Class [ structures are
listed in Table 5 (after Ref. 7, Table XII-1). [n addition, it was required
that the plant be able to shut down safely following a 0.17-g SSE, as
described in Sec. 4.2. The load combinations used in the design are Tisted in
Taple 4. At the time Millstone was designed, amphasis was placed on the less
severe 0BE. As a result, the safe shutdown acceptance criterion was not very
snecific as to allowable stresses or loads. [n general, stresses for the S3E

were limitad to the yield level.
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TABLE 3. Oamping values used in the design of Millstone.

% of critical damping

Structural types:

Reinforcad-concrete structures 5.0
Steel frame structures 2.0
Welded assemblies 1.0
Bolted and riveted assemblies 2.0
yital piping systems 0.5

Class [ items:

Reactor building 5.0
Ventilation stack 5.0
Radwaste building/contral room 5.0
Condensate storage tank 2.0
Condensate storage tank fluid 0.5

Gas turbine building 5.0
Recirculation loop piping 0.5
Orywell 3.0
Suopression chamber 2.0
Reactor pressure vessel 2.0
Isolation condenser, LPCI pump, and 2.0
containment heat axchanger

Fuel racks in fuel storage pool Unknown
Xe-Kr equipment structure 2.0 for OBE

5.0 for SSE




TABLE 4. Summary of original load combinations and allowable stresses.

Load combinations® Design criterion
Primary contaimment (including penetrations) .
D+ P+H+THE ASME, Sec. 111, Class 6, without the usual increase for

seismic loading.

D+ P+tR+H+T+E Same as above, except local ylelding is permitted in the
area of the jet force where the shell is backed by
by concrete. In areas not backed by concrete, primary
local membrane stresses at the jet force must not exceed
90% of the yleld point of the material at 300°F .
cont inued

SAbbreviations:

D = Dead load of structure and equipment, plus any other permanent loads contributing to stress, such
as soil, hydrostatic, or temperature loads, or operating pressures and live loads expected to be
present when the plant 1s operating.

Pressure due to loss-of-coolant accident.

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

Thermal loads on containment due to loss-of-coolant accident.

Design earthquake load (equivalent to OBE). Twenty-five percent of the live load was cons idered
concurrent with the seismic load.

m - =
1 3 I3

Jet force or pressure on structure due to rupture of any one pipe.
Maximum earthquake load (equivalent to SSE).

™ =
v

dY4Qa

r 9




TABLE 4 continued.

Load combinations

Design criterion

D+P+ReH+T+E

D+RSE

D+R+E

Primary membrane stresses, in general, must not exceed the
yleld point of the material. If the total stress exceeds
the yield point, an analysis must be done to detérmine
that the energy absorption capacity exceeds the energy
fnput from the earthquake. The same criteria as in the
previous combination are applied to the effect of jet
forces for this loading condition.

Reactor building and all other Class I structures

Normal code-allowable stresses (AISC for structurai
steel, ACI for reinforced concrete). The customary
increase in design stresses, when earthquake loads are

considered, is not permitts”’

In general, stresses are limited to the minimum yleld
point. However, in a few cases, stresses may exceed the
yield point. If so, an analysis must be done, using the
1imit-design approach, to ensure that the energy
absorption capacity exceeds the energy input. This
method is discussed in AEC TID-7024. The resulting
distortion s limited to assure no loss of function and

an adequate factor of safety against collapse.
cont inued

d78d
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TABLE 4 continued.

Load combinations Design criterion

Reactor vessel supportis .

D+H+E Normal code-allowable stresses (AISC for structural
steel, ACI for reinforced concrete). The customary
increase in design stresses, when earthquake loads are
considered, is not allowed.

D+H+RE Stresses must not exceed
e 150% of AISC-allowable levels for structural steel
e 90% of the yleld stress for reinforcing bars
e B85% of the ultimate stress for concrete.

D+H+E No functional failure. Usually, stresses do not exceed
the yield point of steel or the ultimate strength of
concrete. If these limits are exceeded, energy
absorption capacity must be shown to exceed the energy
input from the earthquake.

Reactor vessel internals

D+E Stresses that result from the maximum possible
: combination of loadings encountered under opcrational
conditions must not exceed the stress criteria of ASME,
Sec. 111, Class A Vessel.
cont inued

LIvEd



TABLE 4 continued.

Load combinations Design criterion

b+ E' The secondary and the primary plus secondary stresses are
examined rationally, taking inte account elastic.and
plastic strains. These strains must not allow any
fallure by deformation that would either compromise any
engineered safeguard or that would prevent safe shutdown
of the reactor,

Emergency core cooling systems (ECCS)

D+ T +H+E Stresses must remain within code-allowable 1imits:
Piping ANSI B31.1 (1955) plus code cases.?
Pumps ASME, Sec, IlI, Class C.
Shell side ASME, Sec. 111, Class C and TEMA C.

Tube side (LPCI, ASME, Sec. VIII and TEMA C.
heat exchanger)

D+T +H+E Same as for (b) under Reactor vessel internals, above.
Also, primary stresses must be within the stress limits of
ASME 111, Class A.

Beonforms to ANSI 831.1 (1967) levels.

LAvdd



TABLE 5. Allowable stresses for Class [ structures
(after Ref. 7, Table XII-l.7).

Allowable limit?

Reinforcing steel O.SFy
Concrete:
Compression stress 0.45¢"
¢
Shear stress Ll
-
Bearing stress 0.25f"
¢

Structural steel:
Tension on net section O.GOFy
Shear on gross section 0.40?y

Compression on gross section varies with
slenderness ratio

Bending 0.66F"‘v to O.GOFy

’Fy = minimum yield point of the material;

f!

e compressive strength of concrete.

DRAFT
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This section presents t-e results of analyses used in the Jriginal design
and is the basis of comparisons with current criteria in Chapter 5. The
original design analyses were not verified as part of this program.

Figure 7 is a plot plan of the plant, showing the structures discussed
here,

4.4 SEISMIC RESPONSE OF STRUCTURES

4.4.1 Reactor Building (Ref. 7, Secs. XII-1.2.1 through 1.2.3; Am. 17,
question VII-A.10)

A section of ‘he reactor building is shown in Fig. 3. It is a
cast-in-place, reinforced-concrete structure, founded on rock at an elevation
of -32 ft. Ii3 square, reinforced-concrete foundation measures 142 ft § in.
alonj each side. The primary containment, an integral part of the building,
occupies the central area of the building. The reactor building also encloses
the reactor cleanup systea, the reactor shutdown system, the reactor isolation
condensar system, the supplemental cooling systems, and the contro.-rod-drive
nydraulic system. A1l refueling is also done inside the reactor bduilding.

The reactor service and refueling area is serviced Dy an overhead dridge
crane, which is supported by a laterally-braced internal steel frame at an
alevation of 108 ft 6§ in. (This framing also supports the roof of the
building.) Access to the drywell and reactor head space is gained by removing
a large concrete plug in the refueling floor wi*h the bridge crane. The crane
als0 handles the drywell nhead, the reactor vessel head, .he pool plugs, and
the spent-fuel shipping cask. A refueling service platform with necessary
handling and grappling fixtures serves the refueling area and the spent-fuel
storage pocl.

The seismic response of the reactor building was determined from a
dynamic time-history amalysis using the lumped-mass model shown in Fig. 3 and
the digitized Taft record. In the reactor building model, single masses were
lumped at each floor level, and the top concrete story was approximated 2y an
aquivalent two-mass system. Each mass represents the mass of concrete and
equipment at that level and the tributary mass of the concrete and 2quipment
between adjacent floors. (The top-story masses include the
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tributary mass of the walls, crane, and mechanical equipment of the top
story.) The average area and moment of inertia of the concrete between floors
was used to determine the stiffness of the beams, using the elastic modulus of
uncracked concrete (3 x 108 psi).

Only the first three modes were evaluated because the predominant
response of the building arises from the first mode (0.22 s); the period of
the third mode (0.05 s) approaches that of a rigid system.

The subgrade modulus of elasticity for the bedrock material was evaluated
by assuming 14,000 ft/s as the shear wave velocity in the bedrock and 0.2 as
Poisson's ratio. From the subgrade mod:'Js, the rocking mede period of
vibration was calculated to be 0.13 s. These data were included in the
computer analysis of rocking and elastic vibrations.

Figure 3 shows the maximum envelopes of building design shears and
moments that were used in the seismic (OBE) design of the reactor building,
without the usual increase in stress for short-term lcadings. Stresses due %0
the SSE were handled as described in Table 5.

4.4.2 Ventilation Stack (Ref. 7, Sec. XII-1.2.5; Am. 17, questin~ VII-A.10)

The ventilation stack is an unlined, free-standing, axisymmetric,
reinforced-concrete structure.

e seismic response of the ventilation stack was detarmined from a
dynamic time-history analysis using the digitized Taft input and a
lumped-mass, flexible-cantilever model with its base rigidly fixed to the
foundation (Fig. 9). Ten natural vibrational modes, between 0.035 and
2.289 s, were considered in the seismic amalysis.

Design envelopes for shear and moment based on the QBE, are also shown in
Fig. 2. The analysis also concluded that the stack would not fail, collapse,
or hinder safe shutdown following an SSE.

4.4.3 Radwaste 3uilding/Control Room (Ref. 7, Sec. X1I1-1.2.4; Am, 17,
question VI1I-A.10; Am. 14, question III-A.5)

The waste treatment facility (Fig. 10) is north of and adjacent to tle
reactor building. The building contains equipment and tankage space below
grade and the plant control room above grade. The area 2e'ow grade is
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constructed of reinforced concrete, and shielded compartments are provided for
various oieces of equipment. The control rcom has reinforced-concrete walls
and a steel-frame roof.

The building below grade is founded on rock. The allowable bearing
pressure of the rock was assumed to be 10 tons/ftz. The exterior walls are
of cast-in-place reinforced concrete and are designed for an earth pressure
(per square foot) at any depth equal to the depth (in feet) times 90 10. The
exterior walls and the base slab are designed to resist hydrostatic pressurs
and uplift due to exterior flooding to an elevation of 19 ft. Interior walls
of the substructure are of cast-in-place concrete, and those of the
superstructure were 2ither cast in place or made of concrete masonry units.
With few exceptions, the floors are poured-in-place concrete slabs.

The radwaste building/control room mode! (Fig. 11) comprises lumoed
masses connected bv weightless elastic beam alements. The base was fixed.
The masses of the concreta and equipment at each floor level were lumped
together, along with the tributary mass of the concrete and equipment Detween
floors. The mo ents of inertia and effective shear areas of the eguivalent
Seam members were obtained by calculating the properties of horizontal
sections through the building betwe:n the mass points. The time-history
analysis used the Taft time history. Periods of the first three modes were
caleulated to be 0.08, 0.06, anu 0.05 s in the strong direction, and 0.10,
0.05, and 0.04 s in the other horizontal direction. The original results are
compared with the reanalysis results in Chapter 5.

4.4.4 Conden-ate Storage Tank (Ref. 7, Am. 17, question VIl-A.10)

The condensate storage tank, located east of the reactor building (see
Fig. 7) was analyzed by tne time-nistory methed. The damping values give in
Table 3 were reportad separataly, in answer to question VII-A.l4, Am. 17 of
Ref. 7. No other information was reported.

4.4.5 Gas Turbine 3uilding (Ref. 7, Sec. XI11-1.2.7; Am. 14, question A.15;
Am. 17, question VII-A.10; Am. 18, answer to questicn 3-2)

The gas turbine building is a reinforced-concrete structure founded on
siles driven to competent rock. The roof is an concrete slab, supportad on
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stee] beams. The gas turbine flood-protection requirements were met Dy
placing the turdine .nd the control equipment at an elevation of 17 ft and by
providing the building access doors with flood gates to an elevation of 19 ft.

The gas turbine building, modeled as a single-degree-of-freedom
mass-and-spring system, was analyzed by the response-spectrum technique, using
the response spectrum from the Taft earthquake (Fig. 5). An SSE seismic load
of 0.32 g was cal-ulated for the structure (Ref. 14).

4.4.6 Turbine Building (Ref. 7, Sec. XII-1.2.1; Am. 14, questions [II-A.l
and III-A.7; Am. 18, question 3-4)

The turbine building (Fig. 12) is basically a Class Il structure, bdut the
parts that suppert and protect the emergency cooling subsystem were reviewed
to meet Class I specifications where required. The foundation is a
reinforced-concrete mat supported on rolled H-section, structural-steel
bea~ing piles. All piles were driven to rock or 0 refusal in the dense
strata immediately above rock. Reinforced-concrete shield walls extend .. the
operating deck at an elevation of 34 ft § in. Portions of the building
outside the shield walls are protected by reinforced-concrete flcod walls (to
an elevation of 19 ft). Doors and access apertures in the flocd wall are
orovided with flood gatas. The rest of the building is conztructed of steel
framing with metal siding.

The turbine building ground floor consists of a reinforced-concrete slab
supported on sand fill over the foundation mat. The turbine generator is
suoorted on a massive reinforced-concrste pedestal, which is supported in
turn on a S-ft-thick mat that is an integral part of the foundation mat. The
roof is cavered with metal decking, insulation, and five-ply tar-and-falt
roofing matarial, flashed at the p> pet walls. An overhead ralling door at
the scuth end of the building provides rail car access.

The seismic amalysis was dcne by the 2quivalent-static method, using 0BE
coefficients of .07, 0.11, 0.14, and 0.25 g for the ground floor, mezzanine,
operating floor, and roof, respectively. Equivalent static loads were
calculated by multiplying these cocefficients by the masses at the respective
levels. Scaling by 17/7 gave the SSE loads. No detailed mathematical mode’
was constructed for the turbine building, but presumably, two orthogonal
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horizontal analyses were performed. A separate dynamic analysis found the
period of the first mode to be 0.10 s.

A few items were unable to meet the design criteria for both OBE and S3E
loads and were modified to reduce the stresses to allowable Timits.
Modifications included an additional bay of vertical bracing ubove the
operating floor and reinforcing structural T's on the 3-in.-thick concrete-
block walls that make up the battery and switchgear rooms.

4.4.8 DOrywell (Ref. 7, Am. 13, Appendix 0; Am. 17, question *.8)

The pressure suppression containment system housed in the reactor
building consists of a drywell; a pressure suppression chamber, which stores a
large volume of water; and a connecting vent system between the drywell and
the water pool. The drywell is embedded in concrete to an alevation of 8 in.;
the concrete provides uniferm support by following the contours of the
vessel. An embedment transition is provided for the shell Detween Z1 2'2" and
£1 0'8", The material for the shell of the drywell, suppression champer, and
interconnecting vent system is ASTM-AS16, grade-7/0 F3X plate to SA-300.
Materials, design, fabricaticn, inspection, and testing conformed with the
ASME B0iler and Pressure Vessel Code, Sec. III, Subsec. NB, 1965 ed.

Originally, the drywell seismic response was determined from an
equivalent-static analysis, using the seismic coefficients shown in Fig. 13
for two different support conditions. A vertical acceleration--0.05 3
(0BE) or 0.12 g (SSE)--was applied simultaneously. The seisamic enefficients
are said to arise from the results of the reactor building dymamic amalysis,
but details are not known.

The model was apparently an axisymmetric shell for which six cases were
considered, 2ach with different loading conditions:

Initial test condition at ambient temperatur:; drywell cantilaverad.
Final test condition at ambient temperature.

Normal operating condition.

Refueling condition with drywell hrid removed.

Accident condition.

Flooded condition. .

O 0O 0 0o 0o o

T Iy

The maximum primary membrane stress in the shell (13 ksi) resulted from tne
accident condition, Hut was less than the 19.25-«si code-allowable level. The
intarnal pressure load was the greatast contributor to the stress. The
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containment vesse! was also reviewed for the SSE condition by scaling the 0BE
seismic load by 2.4. The maximum stress increased to 13.6 ksi, still below
the yield stress of the material (26.25 ksi). Discontinuity stresses and
buckling stresses were also within allowable limits, Subsequent to the static
analysis, a dynamic analysis was performed as shown in Re¥. 14, It is
presumed that SSE stress levels from this analysis were checked.

4.4.9 Pressure Suppression Chamber (Ref. 7, Am. 13, Appendix 0; Am. 17,
questions A.l and A.10; Am. 18, question 3.5; Am. 13, technical report
TR-2138, docket 50245-776)

The pressure suppression chamber is a toroidal, steel pressure vessel,
located below and encircling the drywell. It s constructed of the same
material as the drywell (Sec. 4.4.8). Inside the chamber, 2lso in the shape
of a torus, is the vent system distribution header, from which 36 dcwncomer
pipes project. The upward reaction from the downcomers is resisted Ly columns
axtending from and attached to the bottom of the suppression chamber. The
columns are pinned top and bottom to accommodate differential horizontal
movement of the header and the suppression chamber. The suppression chamber
is supported on 16 pairs of columns, spaced equally around the torus. These
supports transmit vertical and seismic loading t3 the reinforced-concrete
foundatica of the reactor building. Cross-bracing is provided bDetween the
outer suppert columns to provide lateral stapility (Fig. 14).

The tarus and its support were modeled as a single-degree-of-freedom
system, as shown in Fig. 4-26. The rigid frame and the cross-oracing
contributed to the spring constant of the system. The masses of the steel
vesse(, baffles, fluid content, supperting structures, and appurtenances were
a1l lumped into 2 single mass, and the pericd of the system was calculated
using the formula for a simple oscillator. The response-spectrum method was
ysed to analyze the model. Spectral acceleration was taken from the response
spectrum curve for 2% damping (Fig. 4.1) and multiplied times the mass %o
calculate the total equivalent seiemic force. A vertical Toading of 0.08 g
(OBE) was applied simultaneously with the hcrizontal loading. Four load cases
were considered:

o Initial test condition at ambient temperaturs.
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o Accident condition; pressure 62 psig.
o Accident condition; pressure -2 psi.
o Flooded condition.

Results showed that the maximum stress on the torus shell occurs at the
transverse ring girders and that all stresses remain within ASME
code-a’, .owable limits., The inside columns supporting the torus experience the
largest axial and bending stresses under seismic lcading. Depending on the
postulated conditions, the calculated stresses ranged detween 79% and 39% of
the code-allcwable stress limit. The seismic response of the suction header
was evaluated by comparisan with the seismic analysis of a similar header.
Allowance was made for possible higher-mode effects and potential rescnance
between the header and one of the modes of the torus. The vent system,
comprising the vent header, the dow'comers, and the vents and their bellows,
were designed to withstand 3ccident conditions that either include seismic
loads or impose loads far greater than the postulated seismic loads.

4.5 SEISMIC RESPONSE OF PIPING SYSTEMS

4.5.1 Recirculation Loop Piping (Ref. 7, Am. 14, question [II-A.7; Am. 13,
question 3-2; Am. 19, question 8-lc; Am. 21, question 3-2)

In the response-spectrum analysis of the recirculation locp piping, the
smoothed response spectrum of Fig. 4 was used as input at the rigid pipe
supports, together with a vertical input two-thirds of the horizontal.
piping was modeled as 2 lumped-mass system (Fig. 15). The stiffness was
determined by considering axial, svear, flexural, and torsional deformation,
as well as the effact of curvature. Modal freguencies and mode shapes wer2
not reported, but the inertial loads for each mode were calculated separataly,
then combined as the square root of the sum of squares. The maximum total
stressas on the recirculation loop piping, calculated for the 0BE and SSE
loads, were 33.4% and 33.7% of the allowable (yield) stress.

The
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4.5.2 Main Steam Lines and Other Class I Piping in the Reactor 8uilding
(Ref. 7, Am. 17, Sec. VII and gquestion A.2)

The seismic coefficient curve in Fig. 6 was used as the basis of the
squivalent-static analyses of equipment and pioing in the reactor building.
For Class I piping, as well as nonrigidly attached equipment, the coefficients
from the curve were multiplied by an amplification factor, which is the ratio
of the average peak acceleration from the Taft response spectrum (Fig. 5) and
the peak ground acceleration (0.7 g). Three seismic coefficients were
calculated:

o 0.%0 g--for piping above an elevation of 30 ft,
o 0.88 g--for piping between 30 and 55 ft.
o 0.50 g--for piping below 35 ft.

For each piping system, the coefficient was selacted (1hat correspends to the
elevation range of most of the system mass.

The lumped-mass mode! of the main steam line was analyzed in two
orthogonal horizontal directions, with a concurrent vertical load two-thirds
of the horizontal applied in each analysis. In calculating stresses, stress
intensification factors were considered, as was the relative motion Detween
the reactor building and the turbine buflding. The latter effect proved to de
negligible.

The total stresses, under OBE loading, ranged between 39.5% of the
allowable stresses (for the ceactor-head cooling spray system) and 33.4% of
the allowable (far the core spray system). Under SSE loading, the total
stresses ranged hetween 36.3%-and 32.0% of the yfeld stresses, for the main
steam system and the standdby liquid comtrol system, respectively. The
analysis also produced estimates of the stresses to De expected at the piping
restraints; the restraints were designed %o withstand these loads.

4.5.3 Class I Piping in the Turbine Building (Ref. 7, Am. 14, question
[11-A.7)

Seismic coefficients for piping in the turbine building were dased on the
smoothed response curve shown in Fig. 4 and the calculated period (0.10 s)
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of the building. For rigid piping (period 0.05 s or less), the coefficient of
0.18 g was taken directly from the curve for 0.5% damping; where no analysis
was done to establish the rigidity of the piping, the seismic coefficient was
taken to be 0.28 3.

No resylts of the analyses were found,

4.5.4 Class I Instrumentation Piping (Ref. 7, Am. 14, gquestion [II-A.7)

Class I instrumentation piping was designed using the lateral deflection
and force evaluation curves described in Sec. 4.3.1.3 of this report.

4.6 SEISMIC RESPONSE OF MECHANICAL AND ELECTRICAL EQUIPMENT

4.6.1 Reactor Pressure VYesse! System (Ref, 7, Am. 13, Appendix £, Exhibits A
and G; Am. 14, question III-A.7; Am. 17; questions A.5, A.l4, and A.l6)

The reactor pressure vessel system (Fig. 16) comprises the vessel, the
surrounding stee! wall (a cylindrical concrete-filled stee! shell), the vessel
support system, and the concrete support pedestal. The mathematical model
developed for the response-spectrum analysis of the system is shown in
Fig. 17. Reactor vessel masses are represented by mass points 1 through r 8
shield wall masses by points 9 through 12. Springs kl and k, represant
connecting structural slements between the vessel and the shield, and between
the shie’d and the reactor building, respectively.

Rayleigh's method was used to calculate the fundamental period (astimated
to be 0.145 s) and the first mode shape. The modal acceleration was taken
from the smoothed 2% response spectrum shown in Fig. 4, and the maximum
acceleration of each mass point (relative to the building) was then
caleculated. The maximum absolute acceleration at each mass point was obtained
by combining this valye with the maximum building acceleration (from the
sarlier analysis of the reactor building) as the sguare root of the sum of
squares. Seismic loads at each mass point were then computed and applied as
static loads on the reactor pressure vessel system.

The calculated OBE shears and moments are shown in Figs. 18 and 19 for
the vessel, shield, and support pedestal. I[nternal moments and forces
stemming from the relative displacement of the duilding were combined with
those from inertial loads by summing absolutely.
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The data indicate that stresses produced by the SSE were not evaluatad in
the design stress checks. Furthermore, no sefsmi:z stresses were included in
the nozzle stress check.

4.6.3 OQther Instrumentation

4.6.3.1 Isolation Condensor, LPCI Pump, and Containment Heat Exchanger
(Ref. 7, Am. 17, question A.10)

No information was reportad, axcept that summarized in Table 4-1l.

4.6.3.2 Class | Equipment in the Reactor Building (Ref. 7, Am. 14, uestion
[11-A.7)

For rigidly attached equipment (period 0.75 s or less), the curve of
Fig. 6 was used to obtain seismic coefficients for the equivalent-static
analyses. For nonrigidly attached equipment, the coefficients were calculated
as they were for piping (Sec. 4.5.2). No results were reported.

4.6.3.3 Class [ Equipment in the Turbine Building (Ref. 7, Am. 14, question
[11-A.7)

Seismic coefficients for equipment in the turbine duilding were based on
the smoothed response curve shown in Fig. 4 and the calculated periocd (0.10 s)
of the building. For rigid equipment, the coefficient of 0.16 g was taken
directly from the curve for 1% damping; where no analysis was done %o
establish the rigidity of the equipment,; the-seismic coefficient was taken %2
be 0.22 3. No results of the analyses were reportad.

4.6.3.4 Batteries and 3attery Ricks (Ref. 7, Am. 14, question [II-A.7)

The battaries and battery racks were designed to withstand Tateral and
vertical seismic loads of 0.12 and 0.046 3, respectively, basad on equivalent-
static analyses. No further details of the analyses were availab’s.
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No details of the assumed Category [ qualification were available.

4.6.3.6 Safety Instrumentation (Ref. 7, Am. 18, Sec. A.7)
A seismic testing program was prescribed for the following Class I
systems:

Reactor protection system;

Nuclear boiler system;

CRD hydraylic system;

Standby liquid control system;
Neutron monitoring system;
Emergency core cooling system;
Process radiation monitoring system.

No information was available to indicate whether the tast program was carried
out.



CHAPTER 5: REASSESSMENT OF SELECTED STRUCTURES DR AFT

5.1 INTRODUCTTIN

1

In this chapter, the seismic loads and responses on which the Millstone
structural designs were based (see Chapter 4) are compared to corresponding
seismic loads and responses derived using SEP seismic evaluation meth.ds.
This comparison is made to identify those structures that essentially meet SEP
seismic criteria and those that need to be investigated further. Seismic
loadings and responses are examined for the reactor building and drywell,
radwaste/contral building, turbine building, ventilation stack, field-erected
tank, a typical buried pipe, a typical buried tank, the suppression chamber,
and the jas turbine building.

In addition, seismic input motions for equipment (in-structure response
spectra) are developed based on current design practice for lecations
throughout the bSuildings where seismic Category [ equipment and piping are
supported. These response spectra are used to reassess equipment as described
in Chapter §.

Since the complation of the Millstone 1 plant, a number of changes in
seismic design methods and qualification criteria for structures and equipment
have occurred. These changes do not necessarily imply that old seismic
qualification criteria were inadequate, merely that the criteria are now

better defined and require less interpretation by the designer. The gjeneral
trend has Seen to increase:

- Allowable stresses for the specified seismic loading function
- Allowable damping

- Number of loading conditions to be considered simultaneously
- Degree of sophistication to be used in the analyses

- Quality assurance requirements .
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5.2 DESIGN EARTHQUAKE MOTION = =’~{ U.F I

In describing the design earthquake motion for a given site, several items
of informatiun are required:

- Peak ground acceleration, together with either design ground
response spectra or 2 design time history

- How and where in the structure the design inputs are specified
(such as at the base slab, in the free field, etc.)

« Simultanecus directional components

Duration or number of strong motion cycles

This section compares the ground motion parameters specified for Millstone
T with the SEP acceptance critaria.

5.2.1 Peak Ground Acceleration

The regulation currently governing seismic design of commercial nuclear
power plants is 10 CFR 100, Appendix A (Ref. 15). It sets forth the principal
seismic and geological considerations to be used in determining such design
bases as requirsments for the OBE and SSE, for peak accelerstion levels, and
for design response spectra. As d.scussed in Chapter 4, Millstecne 1
structures were designed for an 0BE and an SSE with peak ground accelerations
(PGA) of 0.07 and 0.17g, respectively. A sim:ltanecus vertical component of
sarthquake motion equal %o two-thirds of the horizontal component was
considered in the plant design.

For this reassessment, an SSE characterized by a 0.2-g peak horizontal
ground acceleration was employed. Although a probacilistic evaluation of the
seismicity of the Millstone 1 site may justify a slightly Tower value, it was
considered unlikely that a level nigher than 0.2 g would De required.



5.2.2 Ground Motion Characteristics DRAFT

In addition to the peak ground acceleration, either a design time history
(or histories) or ground rr )nse spectra are needed to define a design
earthquake. 1,ical curm - practice is to specify either site-dependent
spectra or, more often, grounc response spectra like those in R.G. 1.60 (Ref.
17). These latter sn» ~a are based on the mean plus cne standard deviaticn
of spectra generateu from 2 series of strong-motion earthquake rec.rds that
include horizontal and vertical components for both rock and soil sites.
Currently, time-history analyses are based mostly on artificial earthquakes
wnose response spectra envelop the smoothed R.G. 1.60 design spectra.

Rather than compare response spectra directly for equal damping values, it
is more informative to include the damping used in the design of
Millstone 1. Table § lists the damping values used for Millstone 1 together
with those from R.G. 1.61 (Ref. 12) for the SSE and those values recommended
in NUREG/CR-0098 for structures at or bdelow the yield point. The damping
values used in the design of Millstone 1 are Tcwer than current design
levels. One reason is that the design damping values were used for the OBE,
and the design loads were increased for the SSE evaluation in direct
proportion to the ratio of the two of PGA, Because higher response and,
consequently, increased damping are expected for the SSE, a significant degree
of conservatism was typ‘cally introduced over current practice.



TABLE 6. Original and currently recommended damping values.
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Structure or component

Percent of critical damping

Mill.tone 1 R.G. 1.61%  NUREG/CR-0098°
(SSE) (Yield Levels)

Prestressed concrete 2 5 §to?7
Reinforced concrete $ 7 7t 10
Steel frame 2 4dor7 10 to 15
Welded assemblies 1 4 Sto?7
801ted and riveted assemblir 2 7 10 to 15
Vital piping 0.5 2or3 2t3

def. 12.
bRef. 4.

A comparison of the original response spectrum scaled to 0.17g peak
acceleration for 2% damping with the 7% spectrum from R.G. 1.60 indicates the
relative magnitudes of the current criteria.
the original design and the 3% spectrum from R.G. 1.50 may be used to ccapare
sxpectad levels of response for base-level-mounted large piping for th Two
criteria, Figure 20 shows these comparisons.

Similarly, the 0.5% spectrum for
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5.3 SEISMIC DESIGN METHOOS AF-E

Current licensing requirements would typically require load combinations
resulting from transients other than those considered when Millstone 1 was
designed. This re-evaluation concentrates on the original design combinations
with primary attention deveted to the seismic margins. Other current
assumptions and criteria are discussed below in comparison with those used in
the design and analysis of Millstone 1.

5.3.1 Soil-structure Interacticn

Sophisticated methods of treating soil-structure interaction exist today.
However, for structures that are founded on competent rock, as is Millstone 1,
the effects of soil-structure interaction are probably relatively small and
were neglected in the reananlysi of all structures except the gas turdine
building. There is little radiation damping, and consideration of rock
foundation compliance results in only slight increases in the periods of
response of a structure when compared with the fized-base case. We expect any
varfatior in load that results from neglecting soil-structure intaraction %o
be well within the accuracy of the calculations. For the gas turbine
building, still under investigation, the flexibility of the pile foundaticn is
being considered.

§.3.2 Combination of Earthquake Directiona! Compgnents

The design of Millstone 1 structures involved the combination of a
vertical and horizontal load, usually on an absolute basis. Current
recommended practice is to combine the responses for the three principal
simultaneous earthquake directions by the square root of the sum of the
squares (SRSS) as described in R.G. 1.92 (Ref. 17).

5.3.3 Combinations of Sarthquake and Qther [oads

The design and analysis of Millstone 1 used the load combinations for
Class [ structures shown in Sec. 4.4. Load combina:ions are now specifiad in
applicable design codes and standards such as ASM: Sec. [II, Civ. 2, and
ACI-349 (Refs. 18 and 19). These codes, which describe the load combination
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has endorsed these load combinations with some exceptions as noted in Sec. 3.3
of the Standard Review Plan (Ref. 3).

Because stresses resulting from load cases and combinations of loads from
these more recent criteria are not available, the re-evaluation of the
selected building concentrates on the effacts of variations of seismic
criteria on the stresses developed for the original design load combinations.
In the other cases, for which no original seismic analysis results are
available, conservative estimates of stresses from other loads are made.

5.4 ANALYSIS OF MAJOR STRUCTURES

The major structures included in this analysis are the reactor building
and drywell, the radwaste/control building, the turbine building, and the
ventilation stack. The three buildings are adjacent to 2ach other, with the
north sides of the radwaste and turdine buiidings connected to structures of
Unit 2. Modeled as three independent structur2s, there is no significant
structural interaction between the three buildings. Since the connecticns
between Units 1 and 2 are slotted, mass or stiffness effects of the
interconnections were ignored in this analysis.

An evaluation of the seismic capability of these structures was conducted
using loads developed in accordance with current practice. A response
spectrum analysis, using the R.G. 1.50 spectrum, was performed to check the
structura) adequacy of each structure. A time history analysis, using the
same synthetic time history as was used in other SEZP plants, (Ref. 20) was
used to generate in-structure spectri. In the case of the reactor building,
radwaste/control building or stack, the original model as specified or with
some modifications was used. For the turdine building, 2 new model was
developed. Where loads based on current criteria are less than those used in
the original design, the structure in general was judged %o De adequate
without the need for adcitional evaluation. For cases where loads resulting
from current criteria axceeded the original loads, if the resuiting st.esses
were low compared %o yield, these structures were also judged to be adeyuate.
In general, damping values based on NUREG/CR-0098 were used. These values are
nighe:~ than those in R.G. 1.5, the curren® basis for new Ticense applications.

For those cases in which the seismic stressas were not low campared %o
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viels, conclusions were reached on the basis of ductility for lass [
structures as defined in Ref. 4. In accordance with Ref. 4, stresses above
yield are considered acceptaple provided the ability of the structure to
~.=“.rm its safe shutdown functions is not impaired.

5.4.1 Analysis of the Reactor Building and Orywell

The vertical-beam moce! for the analysis of the reactor building and
drywell was developed from information shown in Refs. 15, 21, and 22 is shown
in Fig. 21. This model is a lumped-mass three-dimensional mode! which
includes torsicnal effects. The model has eignt ncdes representing the
centers of gravity of floors at eight elevations in the reactor buiiding. The
floors are considered rigid ana translational and rotational masses
contributing %o each floor level are lumped at these nodes. The model is
rigidly fixed to the ground at el. -26'0". A uniform damping of 10% of
eritical was assumed in calculating the responses of the reactor building,
since the walls were stressed above 50% of yfeld.

The drywell was modeled by 14 lumped masses intarconnected Dy Leam
elements, rigidly connected to the reactor building model at el. 0'0%, and
simply supported at approximately 73'. Two cases were considered in modeling
the drywell: the flocded drywell condition and the empty drywell condition.
The mass and stiffness properties of the drywell were the same as those of the
original model. A uniform damping of 7% of critical was assumed in
calculating the responses of the drywell.

Structural seismic responses were obtained by using the response spectrum
analysis method. In this amalysis the R.3. 1.50 spectral curves were scaled
to 0.2 3 peak acceleratior for the horizontal components, and 0.13 g for the
vertical. The directional responses wers then sombined using the squars root
of the sum of the squares (SRSS) method.

The time-history method was used "o jenerate fn-structure rasponse
spectra for the reactor building. The R.G. 1.60 spectral curves were scaled
as in the response spectrum analysis. In-structure spectra were generited
independently in both the horizontal and vertical directions, and Tike
components were combined by means of the SRSS methcd.

The first twenty modes of the coupled reactor building-drywell system
were axtracted from the mathematical mocdel. The natural frequencies of the



DRAF"
first twenty modes range from 5.1 to 30.0 Hz, for the flooded drywell 4 oaand s
and range from 5.2 to 38.1 Hz fur the empty drywell case. Table 7 shows the
first four frequencies in the N-5 and E-W directions. For the flooded drywell
case, the fundamental modes for the reactor building are at 5.1 and 5.3 Hz.

At 9.1 and 9.3 Hz, the system shows the first clear drywell modes. Mode §
(12.2 Hz) and 9 (15.6 Hz) are the first significant building-drywell coupled
modes. Mode 6 has also a significant component in the vertical direction.
Torsional coupling between two horizontal components does not become
noticeable until the 10th mode at 18.6 Hz.

TABLE)7. Reactor building/drywell mede! modal frequencies (drywell flooded or
empty

Mode ~ Frequency (AZ) Uirecsion of Wa.or Response
Empty Flooded Empty Flooded

1 5.2 S.1 N-S N-S
2 5.4 §.3 TeW T-W

3 9.7 9.1 N-S N=S
4 12.2 9.3 - C-w

S 14.8 E-W

) 15.6 12.2 N-S E-W

7 21.6 L-w

8 22.5 N-S

9 15.6 N-S
11 20.1 C-W
16 23.7 N=3

For the empty drywell case, the frequencies and moce shapes for the
first few sigificant modes of the reactor building remain almost unchanged
from the flooded case, whereas, the drywell mocdes were shifted to higher
frequencies.

The flooded drywell case was used throughout the analyses. This case
resulted in somewhat larger inertial loading for the reactor building and
darywell than that from the empty case. In the context of a screening
analysis, the flocded drywell was considered the worst case. After compietion
of the structural analysis of the reactor building and drywell, it was
discovered that in-structure spectra were required for piping systems inside
the drywell. These were generataed using the empty drywell case.
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The seismically induced shears and bending moments in the reactor bui#ﬁ .

are presented in Fig. 22 for the flooded case. The results for the empty case
are very close to the flooded case only slightly lower. As a comparison, the
original seismic analysis results using the time history method with Tower
damping were also plotted in the respective figures. The reactor building was
originally analyzed for 0.07 g Taft record, and the structure was then checked
for SSE condition which had a peak acceleration of 0.17 g. The new results
for she.r force based on 0.2 g R.G. 1.60 spectrum are quite close to the
originil SSE (0.17 g) result. However, the new moments are significantly
hicker than the original results.

To evaluate the stress results of the reactor building, we referred to the
stress summary report prepared by EBASCO Services Inc. (Ref. 22). The E3ASCO
report evaluates the stresses in the concrete shield walls, columns and
exterior walls at elevation 14.5', based on the original 0.07 g design
sarthquake analysis. The new shear force bused on the R.G. 1.680 0.2 ¢
spectrum is about three times the original OBE shear, and the moment is about
four times the original moment. When the deil load and Tive load stresses
from the E2ASCO report are added to the new seismic shear force and moment
distributed according to the member rigidities, the results show that the
maximum predicted shear stresses in the exterior shear walls and the reactor
shield walls are both about 180 psi. Calculated capacities were greatar than
200 psi. Also, the total loads in the columns including axial loads and
o nents are less than their ultimate capacities. Thus, the reactor building
should be adequate to resist the 0.2 g SSE.

Figure 23 shows the shear diagram of the flooded drywell subjected to the
0.2 g SSE excitation. Also piotted in the same figure are the resylts of the
original time history analysis using the Taft record with a PGA of 0.17 g
corresponding to the SSE. As expected, the shear stresses in the 0.2 g SSE
case are higher than the original 0.17 g SSE case. Appendix D of Amendment
13, FSAR gave the stress avaluation of the drywell under different load
combinations. When the new saismic loads were combined with Toads induced
under normal operating conditicns, the maximum primary membrane stress and
buckling stress in the drywell were found to be within allowable stress
limits. The drywell can thersfore be considered adequate for loads from
normal operating conditions and the 0.2 g SSE.
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The mathematical mode! used in the analysis of the radwaste/control
building (Fig. 24) was developed from the original 31ume model (Ref. 23).
Modifications to the original model included offsets between mass centers and
centers of rigidity at each floor. Floors were assumed to be rigid with
centers of mass and rigidity connected by rigid links. The foundation, 11so
assumed to be rigid, was set at elevation -20'. Between the foundation and
14'9" elevation, the structure separates into a dual beam system. One system
consists of a beam for the west wing of the building which has no intermediata
floor between the foundation and 14'9" elevation. The other, for the 2ast
wing, consists of two beams with an intermediate flcor at a2levation at -1'6".
8oth systams are rigidly connected at elevation 14'3“.

The building separates into two towers above the 14'9" alevation. One
tower supports the control room (el. 34'6"); the other consists of the
stairway structure. The building mode! contains a total of eight lumped
masses.

The method of analysis was similar to that used for the reactor building.
Again, the response spectrum method was used to eval:»ta the building's
structyral responses to the 0.2 3 SSE using 10% of .. itical damping. The R.G.
1.60 norizontal spectral curve was scaled to 0.2 g and input as the excitation
in both N-S and E-W directions. Since the structure was assumed to be rigid
in the vertical direction, no dynamic amplification was considered. The SRSS
method was used to combine structural responses to different directions of
excitation. The time-history approach was used to generate in-structure
response it the control room floor. The analysis included only the horizontal
components of ground excitation. 3ecause we assumed no dynamic amplification
in the vertical direction, the vertical floor spectra were the same is the
ground spectra.

The first sixteen modes of the structure were axtracted from the
mathematical model. The first three modes in the weak (N-S) direction have
frequencies 10.9, 16.7, and 24.5 Hz, respectively. In the strong (Z-W)
direction, the first three freguencies are 12.4, 13.8 and 21.5 Hz. The mode
at 16.7 Hz is the first mode %o exhibit noticeable torsional behavior.

The radwaste building is primarily a shear-wall type structure., The shear
forces calculated from this analysis for the 0.2 g SSE are presented in Fig.
25 for both the N-S and S-W dirsctions. [n the same figures, shear forces

5.4.2 Analysis of the Radwaste/Control B8uilding
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from the original time history analysis for a 0.17 g SSE are plotted for
comparison. The shear wall structures of the radwaste building supporting the
control room all have low shear stresses (factor of safety greater than 1.3).
Only the stairway structure, which is independent of the control room
structure, has high shear stresses. The control room together with its
supporting radwaste building can therefore be considered to be acceptable in
1ight of current criteria.

5§.4.3 Analysis of the VYentilation Stack

The mode! used in the original seismic analysis of the ventilation stack
(Ref. 24) was used without modification in the reanalysis. The model includes
a foundation assumed to be rigid and has forty mass points connected Dy
vertical beam elements. The damping ratio for all modes was 10%. The
response spectrum method using R.G. 1.80 spectra as input was again used.

The first ten modes of the stack have frequencies ranging from 0.44 %o
29.36 Hz. The calculated shear force and moment diagram are shewn in Fig.

26. Compared to the original time history amalysis using 0.17 g for the SSE
horizontal component, this analysis gave slightly higher shear forcaes over the
neight except near the base. The bending moments computed in this analysis
a~e much higher than those of the original time history analysis. Stress
calculations based on a cracked section assumption and ACI-307-79, (Ref. 25)
showed that forces resulting from the combined dead and seismic loads were
less than yltimate capacities of the reinforced concrete sections. The
adequacy of the connection of the piles to the footing should be verified %o
ensyre that the 35 kip tension per pile can be safely resisted.

Although 2 significant portion of the stack may develop cracks through the
cross section, it is considered to be marginally acceptable.

5.4.4 Analysis of the Turbine 3uilding

The turdine building consists of three flcors: the ground floor at
elevation 14.5'; a mezzanine at alevation 34.3'; and the operating floor it
elevation 54.5', There is a small low roof (el. 77.13') above the operating
floor and part of the ventilation equipment enclosure. A higher rocf stands
at 104.75' and is supported by a series of r~igid frames (Fig. 27). The
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operating and mezzanine floors are supported dy a concrete reinforced shear
wall which is part of the condensor room located inside the turbine building
between the ground and operating floors. After the seismic review performed
by EBASCO (Ref. 26, Enclosure) in 13979, additional bracing members were
installed in accordance with their recommendations (Figs. 28 and 29). Steel
member connections were not constructed to resist mement, except for those
connections in the rigid frame. The turbine pedestal is not structurally
connected ta the turbine building above ground Tevel, although it shares 2
common foundation,

No criginal seismic mode! existed for .ne building; therefore, 2 mode! had
to be constructed for ti s analysis (Fig. 30). The model constructad included
the condenscr room and the frame structures above ground level and
incorporated the added bracing. The foundaticn was assumed to be rigid, i.e.,
no soil-structure interaction effact was considered. The mode! was a four
lumped mass model, with masses located at the upper roof, the lower roof, the
operating floor, and the mezzanine floor. fach lumped mass had three dynamic
degrees of freedom, two herizontal translations and one torsional rotation.
A1l steel structural members were representad by beam 2lements. All joints,
except those joints in the rigid frames, were modeled as hinges. Since
members with angle sections have very low buckling loads, only half of the
actual cross secticnal area for angle bracing was included in the model. Only
horizontal degrees of freedom were assumed for the seismic dymamic analysis.
Oynamic amplification in the vertical direction was not considered.

The condensor room was modelad Dy massless 2quivalent beam alaments
located at esch floor's center of rigidity. The horizontal degrees of
freedom of all structural members at each floor were rigidly connected %o the
lumped masses of that floor. A uniform critical damping of 10% was assumed
for the entire model.

The response spectrum method was used to evaluate the dynamic responses %0
seismic axcitations of the building. In-structure floor reosponse spectra were
generated by the time history analysis method.

The mathematical model for the turdine building possasas twelve lateral
modes, with frequencies ranging from 1.3 Hz to 36.6 Hz. The two significant
modes for the high roof are the £-W mode at 1.2 Hz and *orsioral modes at
7.9 Hz. The first two significant operating/mezzanine flcor modes are at 10.3
Hz (S-W direction) and 119 Hz (N-S direction). At 2.5, and 2.8 and 6.9 Hz,
the mode! nas mixed high and low roof modes.
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To evaluate the stress in the bracing systems, the compressive mempers
were assumed to take no load, with all lateral load being taken by the tensile
members. The results indicate that the highest stress in all turbine bracing
was about 36 ksi and occurred at the bdracing of Column line 3 near the high
roof . The stresses in columns, including the dead load, were generally less
than 20 ksi. Locally, at Column line E near the low roof, the columns
experienced higher .5 resulting from combined bending and axial load in
the 30 ksi range primarily from flexure. The roof girders were not highly
stressed, the maximum bending stress being less than 10 ksi.

The lateral locad resisting system of the turdine building includes the
rigid frames, diagonal bracing and the reinforced concrete shield wall.
Results indicated that the stressas in the frames and bracing were generally
below yield. Although the diagenal bracing in one end wall resisting
east-west loading was stressed at yield, the rigid frames in this diraction
should have enough reserve capacity %o allow the structure to resist 2 0.2 g
SSE load. The tracing shculd b investigated for non-ductile failure modes and
sufficient strength in the connections to develcp yield stress of the >racing
members.

The concreta shield wall for the condenser rocm acted mainly as shear
wall, The calculated shear stresses in the concrete were less than 125 psi.
This stress level results in a safety factor greater than 1.0 for the wall.

5.5 In-Structure Responsa Spectra

As discussed in the previous secticns, the in-structure response spectra
were generated using time history methods. The ground excitation was a time
history record compatible with the R.G. 1.50 spectrum curves. The responses
t0 axcitations which were input independently in two horizontal directions
were combined by the SRSS method. The response spectral curves were generatad
for four different equipment damping ratios, 2, 3, 5 and 7%. The spectral
curves generated were smcotned and broadened +15% according to the current JE?
practice, to account for the uncertainties of structural modeling and material
properties.

The in-structure response spectral curves were generatad for the following

locations.



1. Control Room Floor, elevation 34'-6" of the radwaste/control building
2. Reactor Building Floor elevations - 82.75', 65.75', 42.5' and 14.5'.
3. Reactor Shield Wall, elevations 73' and 28'.

4. Turdbine Building Floor elevation 34'-6".

Table 8 gives the peak acceleration computed at those locations for the 0.23
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SSE. The final broadened spectra are shown in Appendix A,

TABLE 3. Peak accelerations at selected locations.
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5.6 Analysis of Ancillary Structures DRAFT

In the design of Millstone, the field erected tanks were analyzed
using a time history approach. The details of this amalysis were not
available for review, however, Apparently, no analysis of the seismic
response of the buried pipelines or buried tanks was conducted during the
design. The lateral bracing and steel columns of the Millstone pressure
suppression chamber (torus) were designed using a single-degree-of-freedom
analysis in conjunction with the ground response spectra. The suctionm
header design was based on a single-degree-of-freedom analysis of 2
similar suction header for the Monticello Nuclear Plant and the response
increased to account for possible additional amplification of the
Millstone torus. Current licensing requirements would typically require
additional load combinations resulting from other transients. 3Secause
these combinations are unlikely, this evaluation has concentratad on the
original design combinations with primary attention devoted %o the seismic
margins.

The reevaluation of the seismic capacity of the Millstone 1
ancillary structures was conducted in accordance with SEP acceptance
criteria (Ref. 4). The reevaluation of the adequacy to withstand the
0.2 g SSE was based on comparisons of recalculated loads with the
original design loads and, where necessary, on further stress amalysis.
whare possible, an initial screening of the expected responses of the
str .tures was conducted on the basis of load ratios where the loid ratio

+ defined as the ratio of the load calculated in the original analysis
.0 that derived in the SEP reanalysis. where original design loads were
not available or where significantly low load ratios exist, conclusions
were based on the ductility of Class 1 structures as defined in Ref. 4.
Load ratios less than unity do not imply that inelastic responses would
be expected. Inelastic responses would be axpectad only if the original
design loads were well below the elastic limit. Therefore, structures
that do not exhibit load ratios less than 0.3 are considered acceptable.
For structures with load ratios less than 0.8 or for those where design
analysis was neither conducted nor available, mcre detailed
investigations, including stress analyses of ¢critical compcnents, were
conducted.
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§.6.1  Condensate Storage Tank e-

§5.6.1.1 Condensate Storage Tank Confirmatory Analysis

The Condensate Storage Tank (CST) is located north of the reactor
building on a concrete slab. The tank is 49 feet high and has an inside
diameter of 40 feet. The tank is fabricated from 5454 aluminum, "O"
temper. The wall thickness varies from 0.25 inches to 1.335 inches in
six separate courses (Fig. 31). Sixty 1-1/2 inch diameter anchor dolts
fabricated from A36 steel provide resistance to uplift forces.

We investigated a number of potential failure modes in the
course of the SEP evalyation of the CST. Amorg these were: buckling of
the tank ;idewalls due to the seismic overturning moment; yielding;
fracture, or pullout of the anchor bolts; sliding of the tank at the Ddase
with subsequent rupture of connections; and failure due to high tensile
hoop stresses as a result of “ydrodynamic pressures occurring simultane-
ously with the hydrastatic pressure. Because of the geometry of the
Millstone CST, actual overturning is not a potential problem. However,
if the anchor bolts do not have sufficient strength, the tank walls must
resist the overturning moment and the weight of the internal fluid. In
order for the fluid to be zffentive, a portion of the tank must separate
from the foundaticn 2s shown in Fig. 32. This highly stressed portion of
the tank is a2 potential source of failure if poor welds or other
nonductile benavior mechanisms are present.

Two important effects should be considered when calculating the
overturning moments and shears. The first is the impulsive force causad
by the combined motion of the tank shell and part of the fluid. A
second, or convective, mode cccurs when part of the watar near the free
surface sloshes back and forth inside the tank.

In the SEP evaluation of the CST, we used Veletsos' methods
(Refs. 27, 28) to calculate the impulsive mode frequencies. This
approach is based on Rayleigh's method and includes both the shear and
flexura! deformation of the tank. The convective, or slushing,
frequencies were calculated following recommendations in Ref. 29.
Frequencies for the impulsive and convective modes were calculated to Be
5.8 4z and 0.27 Hz, respectively. A spectral accelerat.on of 0.48 g at
7% of critical damping was used for the impulsive mode, and a speciral
acceleration of



0.16g at 0.5% damping was used for the convective mode. Oue to the i iFT

unlikelihood that the maximum modal responses will occur simultaneously,
we used the SRSS method to combine the impulsive and cunvective forces.

5.6.1.2 Evaluation of Condensata Storage Tank

The integrity of the tank shell and base plate under the assumed
0.20g SSE conditions was evaluated for the CST. The loads in the tank
were basad on the spectral accelerations discussed in Sec. 5.2.1 of this
report together with a 0.13 g vertical component. Initfally, the
assumption was made that the tank behaves in a linear manner as shown in
Fig. 33. Tensile and compressive forces in the tank shell were
evaluated, and the attachment bolt stresses and tank side wall buckling
were checked.

The reevaluation of the CST was conducted based <n drawings
(Ref. 30) supplied by the licensee. These drawings specify the use of
anchor bolt chairs, and the reevaluation was based on these drawings.
Subsequent to the completion of the reevaluyation, it was determined that
the anchor bolt chairs were not used on the CST, and the anchor bolt
restraint is provided only througn the tank bottom plate. Since the
foundation concreta is poured flush with the bottom plate upper surface,
it was not possible to verify the tank bottom plate thickness.

Linear behavior was found to adequataly mcdel the response of
the CST provided the anchor chairs are present. The maximum tensile
stress 2:ross the bolt thread area is above yield for the AJ6 material
and also above the 0.7 ultimate strength ASME Code allowable for the
faulted condition for the 0.2 g SSE. For the A36 bolt material, the dolt
shank is not expected to yield. Tank anchor 20'ts are not subjected %o
load reversals. Since the maximum streis in the thread area is less than
the uitimate material strength, ‘2ilure of the bolts is not expected
although the code allewaple is exceeded. The anchor 201t chairs as
originally specified would have adequate capac‘ty to transfer the bolt
forcee into the foundation. The analysi: indicated that anchor bolt
pullout would not be expected during an SSE if the empbedment length meets
minimum building code requirements. However, details of the embedment
were not available for review. The tank wall is sufficiently thick o
prevent buckling. Frictional resistance Detween the tank and the
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underlying footings was high enough to preclude any relative disp1acemeﬁi“““t4
between the tank and ground. Hoop stressas were evaluated by combining

the SRSS of the pressures induced by the impulsive, convective, and

vertical modes absolutely with the tank hydrostatic pressure. The CST

was found to have shell thickness sufficient to prevent yielding. Thus,

the critical elements of the CST are considered adequate to withstand the

0.20 g SSE based on the presence of the anchor bolt chairs.

5.6.2 Underground Piping
5.6.2.1 Underground Piping Confirmatory Analysis

Ouring the original design, buried pipe was apparently not
analyzed. The available soils data is incompiste and does not include
any detarmination of anticipated soil strains sxpectad during the SSE.
For the current evaluation of the buried pipe, the soil strain was
conservatively determined to be approximataly l.sxlo‘4 in/in as
obtained from the relationship:

max

(€ )max * T

€

where v .. is the maximum ground velocity and C. is the apparent longi-
tudinal nhorizontal propagation speed of the seismic waves with respect %0
tre structure. The apparent longitudinal norizontal wave propagation
speed was not determined, since no geotechnic investigation was made. We
consarvatively estimated the speed at approximately 2500 fps accounting
for the proximity to bedrock. The maximum ground velocity Vasx it 8
rock site corresponding to an earthquake with peak ground acceleration of
1 g is 28 in/sec (Ref. 31).

The SEP evaluation for the 0.20 g SSE included the analysis of a
typical buried pipe. The pipeline selected was the gas turbine fuel
supply line. This pipe was field run from the gas turbine buildirg to
the gas turbine oil storage tank (Fig. 34). The Tine is 1.5 inches in
diameter with the bottom of pipe located at Elevation 11'-0%.

The analysis considered the stresses induced in the pipe from

+wo mechanisms. Stresses may result from strains in the soil caused dy



the propagation of elastic waves or from the effects of discontinuities
and attachment point relative displacements. wWave propagation stresses
may occur in the pipe »s a result of primary (compression) waves,
secondary (shear) waves, and surface waves with varfous angles of
incidence to the pipe. Displacement-induced stresses may resylt from
relative motion of the structure at a pipe attachment point or
penetration location. The phasing of the stresses due to soil strains
resulting from the various types of wave motion is normally not known,
nor is the phasing of soil induced stresses with those due to end point
motion known. Consequently, the assumption was made to combine these
stresses on an SRSS basis. The analysis of the gas turdine fuel susply
line was conducted using conservatively estimated soil properties since
the actual overburden properties were unavailable.

5.6.2.2 Evaluation of Underground Fiping

We made conservative assumptions throughout the amalysis to
provide a margin to account for possibly higher stresses resulting in
other lines with somewhat different configurations and stress
allewables. For instance, the soil strain of 1.3:10'4 in/in used is
higher than expected from a detailed geotechnic investigation of the
Millstone soil conditions for the 0.20 g SSE. Stresses were typically
compared with ASME Code allowables; however, stresses above 11 lowables
were not computed for the gas turbine fuel supply line.

Maximum normal and shear stresses of 12.4 ksi and 5.4 «si,
respectiv~ly, were calculated in the pipe due to seismic wave propagation
withou' the effects of discontinuities or end point motion (Refs. 32,
33). The resulting principal stress of 14.4 ksi may De compared with the
ASME Code 11lowable of 45 ksi for the accident condition.

when an abrupt change in dirsction exists in a buried pipe, as
in the case of the gas turbine fuel supply line (Fig. 34), axial strains
induced in one leg will impose a normal load on the transverse leg. This
load must be resisted by the stiffness of the pipe and s0il surrounding’
the transverse leg which creates shear and bending stresses at the
albow. We calculated these stresses assuming the transverse leg acts as
1 beam an an 2lastic foundation w th the coefficient of subgrade reaction
determined from Ref. 34, The calcu.ated deformation of the pipe relative



to the soil at this location is 0.095 inch. The corresponding maximum
stresses, calculated by including the code stress intensity factor were
32.6 ksi in the normal direction together with a shear stress of 2.9
ksi. The resulting principal stress of 33 ksi is well below the 45 ksi
allowable.

Stresses in buried piping may also concentrate where the pipe
enters a building or other large structure which may have some motion
relative to the soil. The relative motion of the gas turbine building is
unkno.1. It was originally analyzed as a fixed-base, single-degree-of-
freedom system. Insufficient information is available concerning the sofl
and pile foundation system on which the building rests %o permit 2 refine-
ment of this analysis. We do not expect the relative -=otion of the jas
turbine building to result in strains great encugh to cause failure of
the pipe, although some strains above yield could occur. Most of the
other structures are founded on rock and the motions of the base slaps of
these structures relative to the rock are very sma.l. We, therefcre,
canclude that critical buried pipelines at Millstone are not 2xpected to
fail as a resylt of the postulated 0.20 g SSE.

5.6.3 Buried Tank
5.6.3.1 Buried Tank Confirmatory Analysis

As in the case of the buried piping, buried tanks apparently
were not analyzed during the design of Millstone 1. As part of the 32?
evalyation, a typical underground tank was anilyzed in conjunction with
the 0.20 g SSE. The tank selected for this evaluation was the gas
turbine fuel ail storage tank (Fig. 35). The tank consists of a
cylindrical shell with shallow spherical end caps. It is 12'-6" in
diametar and 40 faet long. The tank was fabriczted from 0.J75 inch thick
A283, Grade C, steel piate.

Tank deformations caused dy the propagatior of the alastic
seismic waves were estimated from soil strains in the transverse,
longitudinal, and vertical directions. Seoil strains for the tank
svaluation were determined in the same manner (Refs. 32, 33, 34) as
described in Section 5.5.2 for the buried pipe, using a maximum sQil



strain of 1.8::10'4 in/in in the analysis. Displacement limited
stresses corresponding to ‘nese deformations were determined, and local
stresses due %o nozzle loads from the buried pipeline described in
Section 5.7 were included. The stresses due to different directional
components were combined on an SRSS basis.

5.8.3.2 Evaluation of Buried Tank

Normal stresses in the meridional and tangential directions
together with shear stressas were detarmined for che tank deformations
due to seismic wave propagation in the transverse, longitudinal, and
vertical directions. Stressas iue %o nozzle loads were then superposead.
Conservative assumptions were made throughout the analysis in order %0
account for the uncertainties in the soil properties. Seismically
induced meridional, tangential, and shear stresses were faund to be 4.4
<si, 2.5 ksi, and 2.8 ksi, respectively. The maximum orincipal stress
for the 0.20g SSE is 8.6 ksi which is well below the ASME Code allowable
value of 42 ksi fo= the accident conditicn. Therefore, we conclude that
she buried tanks will not be damaged by the pestulated 0.20 g S3E.

5.6.4 Suppression Champer - Ring Header, Torus, and Suppert System

An evaluation %o determine the seismic capacity of principal
components of the suppression chamber was also conducted using the
f.- damental frequency predicted by the original design model. Seismic
response accelarations were determined in accordance with SEP guidelines
(Ref. 4). This new response value was used to develop the resyltant
saismic stressas fr-m the original dynmamic analyses. The original
dynamic analysis (Ref. 35) was performed for both 3 and 3.25 inch
diameter tie rods. A subsequent report (Ref. 36), developed in
conjunction with an evaluation of the pcol dynamic loads, lists the
sway-bar diameters as 3.75 0.0. The report also discusses modifications
+0 increase the capacity of the ‘nner columns and column eand plates and
pins. It is not clear that these nodifications have deen implemented.
Therefore, the stressas reported here correspond 0 3.25 inch diameter
tia rods, since these stresses are larger.



Based on the design analysis, the fundamental frequency of the
torus is 3.3 Hz. The spectral acceleration for the SSE using the 7%
damped Reculatory Guide 1.60 spectrum is approximately 0.5 3. We
compared this to the spectral acceleration of 0.41 g for 2% damping used
in the original analysis. The resu!’  showed a load ratio of 0.32
assuming no higher frequency mode contributions. In other words, the
seismic stresses are increased approximately 22%. Stresses for both the
0BE and SSE for the torus shell are given (Ref. 7, Am. 17) for operating,
accident, and flooded conditions, but no breakdown bDetween seismic stress
and operating stress is given. A load ratic of 0.32 is generally
considered acceptable if non-ductile failure modes do not exist.

Elements of the torus support system including the pipe columns,
tie reds, and tie rod connections were investigated further to the axtent
that detailed information was ivailable. The result of the AISC
interaction formulas for beam columns was ca’culated to be 1.0 compared
to the short-term a.lowable value of 1.33. Maximum tensile stress across
the gross tie rod cross-section was determined to be approximataly
34 ksi. If the ends of the rods do not have upset threads, minimum yieid
strength of 36 ksi will likely be exceeded in the threaded region.
Inelastic deformations in this region may Le acceptable provided
nonductile failure modes do not exist. End plate bearing stress and pin
shear strass were determined by increasing the design values listed in
Ref. 7, Am. 17. The end plate bearing stress of 23 ksi and the pin shear
stress of 16 ksi are within allowuble limits. Insufficient information
was available to svaluate the vent system. [f the modificzticns
described in Ref. 35 have been or will be implementad, the seismic
capacity of the torus support system will be increased above what is
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discussed here which is based on iaformaticn in the FSAR. _If the .

modifications have not bdeen implementad, wa recommend that the
configuratisn of the tie-rod ends be investigated.

The predicted seismic stresses in the columns and torus are
expected %0 be small compared to tﬁe stresses resulting from deadweight
and the postulatad loss-of-coclant accigent (LOCA). As part of a
separate program, the entire suppression champer system is deing
evaluatad for pool dynamic loads resulting from a LOCA or safety relief
valve (SRY) actuations, as well as for seismic loads. This review is not
part of the Systematic Evaluation Program. Therefore, we reccmmend that



the adequacy of the torus and column system e based on an evaluation
which includes both the pool dynamic loads due to LOCA and seismic
loads. The seismic Yoads used for this evaluation should be those

resylting from an analysis performed in accordance with current seismic
criteria.

5.6.5 @as Turbine Building

The gas turbine building was originally analyzed as a single-
degree-of-freedom system using 3 fixed-base cantilever deam model
(Ref. 14). No effects of the flexibility of the overburden and pile
system on which the structure is founded were considered. The analysis
was condur .ed using the response spectrum from the 1352 Taft north 69°
west earthquake record normalized to 0.07 g with 5% damping. The
analysis was performed for the 2arthquake in two directions but only the
critical (E-W) direction results were reported (Ref. 14). The period was
caleulated to be 0.089 saconds and the response at the roof was computed
to be 0.121 g. It was recommended in Ref. 14, that the structure be
checked for safe shutdown for twice the loads ceveloped for the 0.07 g
case in conjunction with a 0.10 g vertical component.

3ased on a comparison with Regulatory Guide 1.50 spectra for 10%
critical damping, we could expect a load ratia of approximately C.7 for
the structure if no frequency shift or amplification resylting from the
overburden flexibility is considered. DOetails of the sail
characteristics of the overburden, the depth to bedrock, or the building
pile system details were unavailable. We consider it unlikely that these
offacts will be of sufficient magnitude to result in structure damage %2
the 2xtent that the functionality. af the critical systems would-be .. - --
impaired. However, the affects of the structure foundation flexibiiity.
should be included when considering the seismic input for these equipment
systems; and the structura! integrity should he verified once the pile
and averhurden infarmation is available. When this saismic input is
determined, the thrust load in the generator should De raviewed.
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CHAPTER 6: SEISMIC EVALUATION OF MECHANICAL AND ELECTRICAL
EQUIPMENT AND FLUID AND ELECTRICAL OISTRIBUTION SYSTEMS

6.1 INTRODUCTION

6§.1.1 Purnosa and Scope

In this chapter, selected seismic evaluation data developed to qualify
certain mechanical and 2lectrical equipment will be reviewed along with fluid
and electrical distribution systams of the Millstone 1 Nuclear Power Plant.
Based on that review, the ability of the reactor to safely shutdown and remain
in a safe shutdown condition in the avent of an SSE will be evaluated. The
SEP saismic review team purposely identified those components that are
expected to have a higher degree of seismic fragility; moreover, the review
team belisves that these components are representative nct only of those
installed in the safe shutdown systems, but those in other seismic Category I
systems, as we!l. Thus, evaluation of thesa components astablishes an
astimated lower-bound seismic capability for the mechanical and electrical
components and the distribution systems of the Millstuone 1 Plant.

It should be noted that a majority of the electrical zquipment
calculations, furnished by Northeast Utilities, were recently made; 2s 2
result, substantial modifications in the support and anchorage of each of the
alectrical components was required. As such, the sample of elactrical
components evalyated in this report should not e considered represantative,
unless i can e demonstrated that all similar 2quipment required for safe
shutdown or as part of an angineered safaguard has undergone a comparapie
review. !

Considered in terms of seismic design adequacy, nuclear power piant
equipment and distribution systems fall into two main categories and two
subcategories. Main categories are active and passive, iid the two
subcategories, which appear under both the active and passive designations,
are “rigid" and “flexible.”
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As discussed in R.G. 1.48 (Ref. 37), and "Standard Review Plan," Sec.
3.9.3 (Ref. 3), active components are those that must perform a mechanical
motion to accomplish a system safety function. For the purpose of this
report, this definition i{s expanded to include electrical or mechanical
components that are required for safe shutdown and which must move during or
after a seismic event, in order to perform their design safety function.
Typically found in the active category are:

Pumps.
Valves.
Motors and associated motor-control centers.

Switchgear.

Seismic design adequacy of active components should be shown Dy
demonstration of safety function as well as by structural integrity. Adequacy
may be determined by 2ither analysis or by physical testing, but testing is
generally preferred. However, because of size or weight restrictions, or
difficulty in monitoring function, many active components are seismically
evaluated by analysis. To assure active component function througn analysis,
deformations must be limitad and predictable. Therefore, total strasses in
such components are normally limits i to the elastic linear range of J.67 to
0.8 times the yield stress of the material, and in no case should total stress
in Lhe component be allowed to exceed yield stress.

Components determined to be passive considered in this report are tnose
components required for safe shutdown for which the only safety functions are
maintenance of leak-tight pressure boundaries or structural integrity during
and following the SSE. Typically found in the passive category are:

(] Pressure vessaels.
< Heat exchangers.
o Tanks.

Piping and other fluid-distribution systems.



. Transformers.
. Electrical-distribution systems.

In determining seismic design adequacy by analysis, the major
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 1.0 times yield to 0.7
times ultimate strength of the material, are permitted (Ref. 13). As in 1e
case of active components, higher stress limits are used for components
constructed or manufacturad in accordance with the ASME, 3PVC-III (Ref. 13).
Lower stress limits are used for components constructed or manufactured €0
other codes or standards.

In selecting the magnitude of seismic input for component evaluation,
it is important to determie whether a component or distributicn system is
rigid or flexible. Seismic acceleration of equipment depends upen:

@ Potential resonance with the supporting building structure.
Structure and equipment damping values.
Equipment support elevations.

The designation of "rigid" or "flexible" may also depend on new 2
particular component is supported. Many rigid components must De evalyated is
though flexible because of the flexibility of their support.

A review of the Millstone 1 reactor and turbine building floor response
spectra, shown in Fig. A-1 to A-14, shows that equipment contained in the
buildings may be considered rigid .for frequencies.greater than 25 .Hz. For-
flexible components with fundamental frequencies less than.25 Hz, the maximum
horizontal response occurs between 10 and 12 Hz for the reactor building. The
naximum vertical response occurs between 12 and 14 Hz. The maximum spectral
acceleration for 3% damping is approximataly 15 times the SSE peak ground
acceleration (PGA) of 0.2 3.

Components were first grouped as 2ither active or passive, and rigid or
flexible; then a representative sample of each group was avaluated to
establish the factor of safety or degree of adequacy of that group's seismic
design. [n this way, factors of safety within groups of similar components
were 2stablished without detailed reevaluation of hundreds of individual
components.
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A representative sample of components was selected for review by one of
two methods:

i Selection was based on a walk-through inspecticn of the Millstone
1 facility by the review team. Based on their experience, team
members selected components that appeared %o have hior seismic
fragility for each component's category. Particular attention was
paid to the component's support structure.

5 Safe shutdown compcnents were categorized into generic groups:
tanks, heat exchangers, and pumps, all horizontally mountec;
tanks, heat exchangers, and pumps, all vertically mounted; and
motors and motor control centers.

The licensee was asked to provide seismic qualification data on selected
components r-~nresentative of each generic group.

The remainder of this chapter reviews the seismic capacity of the
selectad components and, where necessary, recommends additional amalysis or
nardware changes needed to qualify them for *he SSE defined in this report.
3ased on detailed review of the seismic design adequacy of representative
components, conclusions are developed as to the overall seismic design
adequacy of seismic Category I equipment installed in Millstone 1. Table 12
and Sec. 6.4 summarize these conclusions.

5.1.2 Description of Components Selected faor Review

Table 9 lists and describes components that the review team selected
following its plant walk-through, as well as components represencative of the
generic groups of safety related components. Table 3 also provides the Ddasis
for 2ach selection.

The review in this chapter empnasizes wnat are normally Tisted as
auxiliary components. DOeficiencies in seismic design condition tend %o 2e
found in the auxiliary equipment rather than in the major nuclear compconents.
Auxiliary components are typically supplied by manufacturers who--unlike the
nuclear steam-supply system vendors--may not have routinely designed and
fabricated components for the nuclear power industry, particularly the time
this plant was under construction. However, because of its importance to
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safety, the seismic design adequacy of the reactor coolant system components
and support structures are also evaluated, to the extent informatinn was
provided.

TABLE 9. Mechanical and electrical components selected by the
review team for seismic evaluation and the basis for selection.

[tem No. Description Reason for selection

Mechanical Components

l. Emergency service water pump This item has a long, vertical
unsupportad intake section which
may be limiting for lateral loads
which are seismically induced. In
addition, material may be cast
iron.

r B Isolation (emergency) condenser This item is a horizentally

mounted component supportad Dy

three saddles that do not appear
to be seismically restrained
except at the centar support.

Concern was 2xpressed about the

saddle's ability to carry required

seismic loads, particularly in the
longitudinal direction.

3. Shutdown heat exchanger Horizontally mounted leading to
concern regarding capability to
carry the load in longitudinal

direction.
4, Emergency ccoling water heat This item is horizontally mounted
exchanger on two saddles which do not appear

to de seismically restrained.



DRAF

TRELE 9. Mechanical and electrical components s& ected by the
review team for seismic evaluation and the basis for selection.

Item No. Description Reason for selection

g. Recirculation pump support This item is a vertical component
supportad by spring hangers whose
functionality is critical in
insuring reactor coolant system

integrity.
6. Emergency diesel oil Anchor-polt system for in-structure
storage day tank flat-bottom tanks that are

flexible may be overstressed if
tank and fluid contants were
assumed rigid in the original
analysis.

r Motor-gperated valves A general concern with respect to
air and electric motor-operatad
valves, particularly for lines &
in. or less in diametar, is that
the relatively large eccentric
mass of the motor, when not
externally supported, will cause
axcessive stresses in the attached
piping. In addition, overstress
and excess deformation of valve
yoke and stem may also occur.

8. CRD hydraulic control system [tem is particularly critical to
inclyding tubing and supports insure reactor coolant system
integrity.
3. Reactor vessel, supports, - Same a3 [tem 3.

and internals

Electrical Components

10. 3attery racks The bracing required to Aev-.lcp
lateral load capacity may not de
sufficient to carry the saismic
load.
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TABLE 3. Mecnhanical and electrical components selected Dy the
review team for seismic evaluation and the basis for- selection.

[tem No.

11.

15.

16.

Description

Motor control centars

Transformers
Switchgear panels

Control room electrical
panels

Diesel generator remote
control board

3attery rcom distribution
panels

Electrical cable raceways

Reason for selection

Typical seismically qualified
electrical equipment. Functional
design adequacy may not have Deen
doonstrated. [In addition,
anchorage t2 suppert structure may
not be adegquate and might permit
sliding or overturning during a
seismic event.

Same as [tem 11l.
Same as [tem 1ll.

The control panels appear
adequately anchored at the Dase.
However, there appear to De many
components cantileverad off the
front panel, and the lack of front
panel stiffness may permit
significant seismic responsas of
the panel, resulting in high
acceleration of the attached
components.

Same as I[tem 11l.

Same as [tem 1ll.

The cable tray support systom does
not appear to have positive
lateral-restraint load-carrying
capacity.



6.2 SEISMIC INPUT AND ANALYTICAL PROCEDURES BME E

6§.2.1 Origina! Seismic Input and Behavior Criteria

6.2.1.1 Piping and Equipment

The governing design and construction codes, used for piping and equipment are
summarized below:

TABLE 10. Design and construction codes for piping and equipment.

Component Jesign coae
Containment ASME BPVC Section III, Class 3, 1963
Reactor pressure vessel and ASME 3PVC Section [II, Class A, 1963
internals
Reactor pressure vessel supports
Structura]l steelecccccccccccccnan AISC - 1963 (Allowable behavior
Reinforced concretgeececccccccces ACI - 318 - 1963 criteria .or SSC

loading case not
defined explicitly)

Recirculation lcop, piping ANSI-831.1 - 1955 & Code Cases
(Equiv. 831.1 - 1967)

Emergency core cooling system (ECCS) Stresses remain within code allowable,

Pipinge==eeeccccccscccncccccccces ANSI-831.1 - 1955 plus code cases
PUMD === eecemecemsecceccccccaxn -—-= ASME Section III, Class C
LPCI exchangerse-eeeeeccces e ASME Section III, Class C and TEMA C,

shell side. ASME Section VIII, TEMA C
on tube side.

(The secondary and primary plus
secondary stressas are 2xamined on a
rational basis taking into account
alastic and plastic strains. These
strains are limited so as to preclude
failure by deformation which would not
only compromise any of the engineered
safeguards but also prevent safe
shutdown of the reactor.)



The allowable stresses for Category ! piping are as given below: QRAE E

Loading zondition Allowanie stress
1. Thermal Expansion Sa
2- NOOOL. L S-L- Sn
3. WROL. *2x Sl (Stress such that safe shutdown

can be achieved)

where
M.0.L. = Maximum Operating Loads including design pressure and
temperature, weight of piping and contents including

insulation and the effect of supports and other sustained
axtarnal loadings

S.Ls = Seismic loads due to the design earthgquake (0BE)
2 x S.L. = Seismic loads due to twice the design earthquake (SSE)

SA s £(1.25 SC + 0.25 Sh)

where
f = stress range reduction factor for cyclic conditions
S¢ s allowable stress in cold condition per ASA 331.1
Sn = allowable stress in the hot condition (design temperature)

per ASA 83l.1
For the reactor vessal supports, the allowable stresses are given below:
1. OBE: = normal AISC allowable stresses.
2. 0BE + Jet: 150% of normal AISC allowable stresses.

3, 2 0BE: 150% of normal AISC aTlowable stresses.
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Except for the containment, reactor pressuyre vessel and the isolation
condenser, which are considered rigid (fundamental freguency 20 Hz),
squipment in the reactor building was aralyzed for a single horizontal
component of acceleratica as a function of height (determined from Fig. 4-3)
~ombined with a constant vertical acceleration of 0.05 g for 0UBE and 0.13 g
for SSE. The horizontal acceleration was applied along each of the two
principal axes of the equipment components. The worst case combination of
horizontal and ver*tical excitation was used to evaluate design adequacy of the
equipment. For flexible equipment, 2n amplification factor as determined for
piping ‘n the reactor building was used to increase the horizontal seismic
input to equipment. For Seismic Category I or Catagory [ equipment in the
turbine building which is considered rigid, a horizontal seismic coefficient
aqual %3 0.16 g (for ObE) was specifiad. For equipment where the degree of
rigidity was not determinad, the norizontal seismic coefficient specified was

assumed to be 0.22 g for OBE.
§.2.1.2 Safaty Instrumentation Seismic Qualification Test Program

The proposed original seismic program for the gualification of procured Safaty
Instrumentation is described in Sec. A.7, AM. 18 of the PSAR and is repeated

nelow

La Introduction

The ‘aT owing describes the proposed srogram for

assuri ng that Category | instrumentation meets
the seismic requirements.

2. Systems

The Category [ instruments for the following
esscntfal systems are designed, and will De
analyzed and te<“ad to ansure *er‘~rmance of
their primary functions without spurious respcnse
during and after an eartaquake:

Reactor Protection System

Nuclear 30iler Systam

CRD Hydraulic System

Standby Liquid Control System

Neutron Monitoring System

tmergency Core Cooling Systems

Procass Radiation Monitoring Systems
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0.

C.

Criteria
a. Design Basis Sarthquake, 0BE (Current SSE)

For the design Basis Earthquake for rigid
body calculations, the seismic force assumed
to act on the equipment's center of mass
will have the following components:
Horizonta! 1.5 times the weight

Vertica) 0.14 times the weight

Operational Basis Earthquake (QBE)

The maximum stresses from combined seismic and
normal loads shall not exceed allowable stresses
without the usual one-third increase of allowable
stress for short term loading. The seismic loads
for such analyses are:

Horizontal 0.75 times the weight
Vertical 0.07 times the weight

Acceptance

The product being svaluated must perform its
prescribed functions during and after the
application of seismic forces.

Schedule

The above will be accomplished for G.E. supplied
instrumentation prior to startup. The EBASCO
supplied instrumentation is so similar to the
G.E. supplied instrumentation that the results of
this seismic test program are applicable without
extrapolation.

Evaluation

Devices

A1l types of Category I devices (relays,
switches, amplifiers, power supplies, sensors,
etc.) which make up the Category [ systems will
be tested for proper performance under the
simulated seismic accelerations of the Design
3asis Carthquake of 3.1 3. Each device tested
will be energized and, as applicable, will have a
simulated input signal applied and will have its
output monitored during and after the test.

D
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The test will consist of vibrating the devices to
the DBE accelerations over the DBE frequency
range on each of the devices' three rectilinear
axes.

b. Racks and Panels

Category [ racks ard panels complete with all
internal wiring and devices mounted will De
vibrated at low accelerations over the DBE
frequency range and measurements made to
determine the presense of resonances. I[f
resonancas are present which affect Catagory I
devices, steps will be taken to shift their
frequencies out of the band of interest or dampen
them to an acceptable level. Once this is
accomplished, the panel can be considered 1 rigid
body and analyzed statically.

¢. Code Devices

.11 instrument devices required %o conform 0
ASME B0iler code requirements will be analyzed as
required by the applicable Cade. I[n general,
these devices are large, strong structural or
pressure bearing instruments which would not be
noticeably stressed at the low seismic
accelerations but, rather, should be analyzed at
the combined loading of their in-situ forces plus
the seismic loads.

6§.2.2 Current Seismic Input

Current saismic input requirements for determining the seismic design
adequacy of mechanical and electrical squipment and of distribution systems
are normally based on floor or equipment response spectra for the various
alevations at which the equipment is supported. The floor spectra, which are
based on R.3. 1.60 spectra modified by the dynamic characteristics of the
building, are shown in Figs. A-l through A-14. The floor spectra are basad on
the building models shown in Figs. 21, 23, 24, and 30C.

For evaluating mechanical and electrical equipment, a composite 7%
damping, is used for the 0.2 g SSE. For piping evaluation, the damping
associated with the SSE is limited to 3%. These values are consistent with 2
recent summary of cata directed toward defining damping as a function of
stress level (Ref. 28). For cable trays, recent tests seem to indicate that
damping levels depend greatly on the tray and suppert construction and on the
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TABLE 11. Current structural behavior criteria for determining seismic design adequacy
of passive mechanical and electrical equipment and distribution systems.

T Components

Current Criteria

(0.2 g IPGA input) '

Vessels, pumps
and valves

Piping

Tanks

Electric
equipment

Cable trays

ASME supports

Other supports

Bolting

< 0.7 S, and
< 0.67 S, and
<0.5 S, and
< 0.5 S, and
< 1.0 S, and
Sh < 0.6 S, and
'I1 Class 1
< S, and 1.25

< 1.0s,
<10,
San
Salt <1.68

Sainn 145

<12 Syor0.

1.6 S,
1.33 5y
1.25 Sy
1.25 Sy
2.0 Sy

105 Sy

7S,

11
Il

1 (Table F 1322.2.1)
2 (NC 3217)

Class

ASME Class

ASME 111 Class 2 (NC 3321)

ASME T11 3 (ND 3321)

1 (Table F 1322.2.1)

Class

ASME I11 Class

ASME 111 Class 2 and Class 3 (NC 3611.2)

ASME 111 Class 2 and Class 3 (NC 3821)

ASME 111 Appendices XVII, F for Class 1, 2
and 3

Normal AISC S;11owable Increased by 1.6
consistent ulth 358 gfandurd Review Plan 3.8

ASME Section 111 Appendix XVIL for bolting where
S is the allowable stress for design loads
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manner in which cables are placed in the trays. Damping may be as high as 20%
of critical damping (Ref. 39). A damping factor of 0.5% was used for
analyzing the sloshing mode of fluids contained in tanks. Horizontal seismic
loads are assumed to act simultanecusly. Depending on the geometry of the
component being evaluat'4, the resultant horizontal load will vary from 1.0 to
1.4 times the individual component load. We have applied the conservative 1.4
factor in this evaluation except where design adequacy is in gquestion.

6.2.3 Current 3ehavior Criteria

Seismic Category ! components designed to remain leak-tight or retain
structural integrity in the event of an SSE are now typically designed to
ASME, Sec. III Code, Class 1, 2 or 3 stress limits for Service Condition 0.
Stresscs in supports for ASME leak-tight components are limited as shown in
Appendix F or Appendix XVII of the ASME, Sec. III Code (Ref. 18).

If qualification is to be by analysis, active ASME, Sec. [Il components
that must perform a mechanical motion to accomplish safaty functions must
typically meet ASME Sec. [II Code, Class 1, 2, or 3 stress limii  for Service
Condition 3. Supports for these components are also typically restricted to
Service Condition 2 limits.

For other passive and active equipment not designed to ASME, Sec.
Code reguirements, and for which the design, material, fabrication, and
examinaticn requirements are typically less rigorous than ASME, Sec. III Coce
requirements, allowable stresses for passive components are limited to yield
values and to normal working stresses (typically 0.5 to 0.67 of yield). SEP
behavior criteria used in reevaluation of various equipment and distribution
systems for Millstone 1 passive components are given in Table 1l1. For
electrical components such as switches, relays, etc., functional adequacy
should be demonstratad by tast.

Experience in designing such pressure retaining components as vessals,
pumps, and valves to ASME, Sec. [II code requirements for 0.2 g, indicates
that stresses induced by earthquakes seldom exceed 10% of the dead weight and
pressure-induced stresses in the component (Ref. 40). Therefore, design
adequacy of such equipment is seldom dictated by seismic design.

LR
e
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Seismically induced stresses in nonpressurized mechanical and
electrical equipment, fluid and electrical distribution ;ystems, and in all
component supports may be significant in determining design adequacy. Note
that SSE loadings seldom contrel design of piping systems. Because of more
restrictive stress and damping limits, the OBE normally controls design of

piping.



6.3 EVALUATION OF SELECTED COMPONENTS FOR SEISMIC DESIGN ADEQUACY DRAT i

6.3.1 Mechanical Equipment

6§.3.1.1 Emergency Service Water Pump

The emergency service water pump and motor unit is oriented vertically
in the Intake Structure. As shown on Ingersoll-Rand Co., Orawing
W-55APMAS6X10-A, the intake portion of the pump extends downward from the
discharge head and pump base for 2 distance of 27 ft 0 in. Although the
original seismic analysis was not furnished, the equipment specification
indicates that the equipment was originally designed to withstand seismic
accelerations of 0.11 g in the horizontal directicn and 0.05 g in the vertical
direction.

The pump-motor unit is located at grade; therefore, the seismic input
is essentially the x.G. 1.50 ground response spectrum normalized to 0.2 3.
Tensile and shear stresses in the pump base anchor bolts as a result of
overturning were determined, as well 2as stressas at the attachment of the
intake column pipe to the discharge head (Ref. 41).

Because the intake portion of the pump is oriented vertically as a
cantilever Seam, the dynamic characteristic of the intake suction pipe was
determined. The intake suction pipe and shaft was found to have 2 fundamental
frequency of 2.17 Hz. At this natural frequency, the spectral acceleration
from the R.G. 1.60 response spectra normilized to 0.2 g for 7% damping is 0.34
3. The seismic accelerations were applied to the pi'mp considering
simultaneous N-S5 and E-W loading, and the resulting anchor bolt stresses were
jetermined. The effects of attached piping nozzle loads due %2 normal
operation were not available. However, the emergency service watar line is a
cold line; therefore, it tends to transfer small pressure and thermal loads
onto the pump.

The stress calculated at the flange connecting the discharge head %o
the intake column pipe is 8,200 psi. This stress level is within Condition O
service limits allowable stresses aven if the pump head is of cast iron.
owever, the shear stresses (49,340) on the anchor bolts, which are assumed %O
be A307, exceeds the stress limit set Dy ASME III for a Service Condition 0.
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Insufficient detail has been provided to evaluate the functional
adequacy of the pump to include motor impeller shaft deformities and for
bearing or coupling failure.
We believe that the ESW pump-motor, designed as a passive component,
will not withstand a 0.20 g SSE, unless the bolting is revisad.

$.3.1.2 Emergency (Isolation) Condenser

The emergency condenser, supplied by Struthers Wwells Corporation, is
located in the Reactor 3uilding at £1. 82'9*, It is 49 ft. long, mounted
horizontally, and supported by three saddles. The original seismic design,
based on 0.18 g horizontal acceleration and 0.10g vertical acceleraticn, was
performed by Jora A. 3lume and Associates, and is given in Refs. 42 and 43.

The response spectra for 7% damping (Figs. A-4 and A-§) at £1. 32'9" of
the reactor building are considered applicable for verifying seismic desigr
adequacy. when the component and its suppert system were assumed %o De rigid,
the resultant input horizontal and vertical seismic accelerations are 0.42 and
0.25 ;, .espectively.

Our evaluation assumed that only the center support would carry
longitudinal shearing stress, because the bolt holes in the other supports are
slotted to provide for thermal growth. Since the centar suoport is assumed %o
take the total longitudinal shear load plus one-third the transverse shear
load, the shear stress in the 3-2 1/2 in. A307 support bolts fndicated in
Ref. 44 is 4.36 ksi per bolt for combined N-S and Z-W earthquake loading.
Since this stress is within the allowable ASME Service Conditions O shear
stress of 17.4 ksi, we believe that the anchorage system for the emergency
condenser is adequata to withstand the 0.2 g PGA SSE seismic loading.

§.3.1.3 Shutdown Heat txchanger

The shutdown heat exchanger is a horizontal component, 20 ft. in length
and supported by three saddles. The exchanger is locatad in the Reactor
8uilding at E1. 42.5' and was supplied by Struthers Welis Corporation.
Although the original seismic design was not supplied, the equipment
specification required that the equipment and supports be designed to
withstand a 0.10 g horizontal acceieration.
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The response spectra for 7% damping (Figs. A-2 and A-5 ) generated at
E1. 42'6" of the Reactor Building are considered appliicable for verifying
se smic design adequacy.

An iadependent review of the dynamic characteristics of the exchanger
(Ref. 45) confirms that in both the tramnsverse and longitudinal directions the
equipment and its supports are rigid. The fregquency characteristics in the
longitudinal direction are based on the assumption that only the middle saddle
can ~estrain base shear and moment reactions in the longitudinal direction,
because it is assumed that the holes in the two outside support sacddles are
slotted to permit thermal movement. The detarmination of exchanger support
system frequencies in the relatively rigid range that includes torsion gives a
maximum horizontal seismic input of 0.30 g. The analysis astablished a safety
margin to ASME Condition O stress limits of 8.15 for the anchor belts. No
analysis of the exchanger internals was performed, since the necessary
information was not made available. It should also be noted that no
svaluation has been made of nozzle loads in the exchanger, since the piping
system analysis is not currently availabla. 1%t has been generally found that
such piping loads seldom have a significant effect on the support loads.
Therefaore, we believe that the shutdown cooling heat exchanger will withstand
a2 0.2 g SSE seismic event without loss of structural integrity.

§.3.1.4 EZmergency Cooling Water Heat Exchanger

The emergency coaling water heat 2xchanger is located in the Reactor
3uilding at £1. 42'6". It is 34'0" long, mountad horizontally, and supported
by two saddles. [t was supplied by Struthers Wells Corporation. The criginal
seismic design calculations, based on a 0.30 g-horizontal and 0.05.g vertical
acceleration (Ref. 46) were not furnished.

The response spectra for 7% damping (Figs. A-2 and A-5) at £1. 42'6" of
the reactor building were used for verifying seismic design adequacy. When
the component and its support systam are assumed to be rigid, the resultant
input horizontal and vertical seismic accelerations are 0.3 g and 0.138 g,
respectively.

The seismic qualification of the 2xchangar was performed as described
in Ref. 47. In the transverse direction, the exchanger and its suppor? systam
are considered rigid, The seismic forces in the transverse direction were



applied to the exchanger, and the resylting shell, saddle, and anchor doit BRA?

stresses were determined (Ref. 47). No attempt was made to evaluate nozzle
loads on the exchanger as they were not furnished and seldom affect support
integrity. Stresses calculatad were well within ASME IIl Service Condition O
code allowables.

In the longitudinal direction, the exchanger is restrained by slotted
holes only. Since it is not positively anchcred against sliding, lateral
stability of the exchanger in the longitudinal direction must be provided Dy
friction alone.

We believe that a1l seismically qualified components should de
positively anchored against earthquake forces. Alternatively, the component
may be analyzed considering both fricticn forces and the potential for
non-1linear response associated with rocking and sliding. If this analysis
were performed, potential impact effects on the anchor Doits should also de
considered. However, we recommend that the slotted holes in one of the tank
saddle supports be modified to provide positive lateral restraint in the
longitudinal direction. The remaining slotted holes would allow thermal
axpansion at the other saddle.

5§.3.1.5 Recirculation Pump Support

The stress report reviewed (Ref. 48) for recirculation pump support
integrity addressed 2 pump which was specified for Pilgrim Station plant.
Presumably, the specified pump is similar to that installed in Millstone 1.
Results of indicate that the JVSS recirculation pump is well within code
aliowable limits for a seismic input of 1.5 g in the horizontal direction and
0.l14g in the vertical direction. This horizontal input is approximately 1.3
times that applicable to the Millstone 1 pump, while the vertical input is
approximately 3.33 that applicable at Millstone 1. Using a factor of 1.5
times the normal allowable stress as shown in Table 5-2, the minimum safaty
factor in the bolts in the pump body was 1.5. The vertical seismic response
has little effect on bending moments applied to the pump Dody; nhence, it is
not a controlling factor in its seismic capacity.

€ach pump is supported Dy three spring hangers and five snubbers as
shown in G.E. Orawing 713€379. Seismic design lcadings in the snubbers as a
function of acceleration level have not been defined.




As a result of the review of the seismic design adequacy of the Dm

referenced recirculation pump, it has been determined that the pump dody is
capable of carrying the seismic loads defined in this report with no loss of
structural or leak-tight integrity. Insufficient information has been
provided to determine seismic loads on the pump snubber supports; hence, their
seismic design adequacy has not been determined. The licensee should verify
that the pump support reviewed is applicable to the recirculation pumps at
Millstone 1.

Insufficient detail concerning operating characteristics of the pump
and internal design has been provided to determine continued function of the
pump in the event of an earthquake.

§.3.1.6 011 Storage Day Tank

The emergency diesel oil storage day tank is a cylindrical vessel
14' 2% tall and 5' 0" in diameter. The tank, which has a wall thickness of
1/4", is restrained by bolts. Since original design calculations for the tank
were not furnished, the number and size of Dolts are unknown.

The tank, which is supported at £1. 34' 6" of the Turbine 3uilding, was
evaluated as shown in Ref. 49 for the horizontal response spectra at 7%
damping (Fig. A-13). The dynamic amalysis sonsidered the effactive convection
and impulsive response of the contained fluid. The resulting fundamental
frequencies were 0.77 Hz for the tank under convective loading (0.5% damping)
and 39.9 Hz for the tank bending ar” shear deformation under impulsive lcading
(tank considered full). Therefore, the tank can be considered rigid for the
impulsive loading effect.

The analysis determined gross dynamic characteristics of the tank. The
avaluation shows that the oil storage tank will not slide or overturn aven
without anchor bolts. If friction were tc be overcome, the resulting anchor
bolt safsty factor in shear would bde 1.77, using ASME Condition O stress
limits. The safsty factor is 34.13 for compressive stress in the tank wall
due to combined seismic overturning and deadweight stresses.

Therefore, we believe that the amergency diesel a1l storage tank will
withstand the 0.2 g SSE loading without loss of structural integrity.



6.3.1.7 Motor Qperated Valves DRM

No data, other than a General Electric Purchase Specification
(Ref. 50), was furnished by the licensee. The conclusions reached indicate
that the original seismic acceleration levels were Q.17 g in the horizontal
direction and 0.05 g in the vertical. We considered this level of seismic
excitation for a 0.2 g SSE to be several times smaller than would typically be
determined if the piping systems were evaluated using floor response spectra.

It has been the experience of the review team (see Ref. 51) that, for
lines smaller than 4 to 6 in. in diameter, the eccentricity of motor-operated
valves wmay cause additional and significant piping stresses (in excess of 10%
of code allowable) and should be considered in the computation of total
stresses. The applicable 10% stress levels (Ref. 13) are Class 2, Condition 3
for active valves and Condition D for valves where only pressure doundary
integrity is requirsd ( -~ 1800 and 3600 psi, respectively, for typical ferritic
piping material). This tendency is increased as the lines become smaller.

Therefore, it is recommended that the licensee evaluate the stresses
induced in the supporting piping from motor-operated valves required to move
or change state when performing their safety function. The licensee should
show that the stresses are less than 10% in typical pipe lines in the l-in. %2
4-in, diameter range. If not, the total stresses at motor operated valve
locations should be calculatad to determine that they are within Candition 3
code allowables (Ref. 18). For nonactive valves, Condition D service levels
would apply. Alternatively, the review team recummends that a requirement to
support motor-operatad valves external to the pipe on lines smaller than 4 in.
in diameter should be developed and implemented on Millstone 1.

6§.3.1.8 CRD Hydraulic Contral System
Including Tubing and Support System

We reviewed the generic design specification for the control rod drive
system, (Ref. 52). Section 5.5 of this specification states that the systam
shall be designed and constructed to withstand earthquake loads "per project
requirements,” and that structural design shall be "basad on all loads
including seismic.” However, neither the specific seismic design loads for
Millstone 1 nor the acceptance criteria for seismic locad is defined.



A number of drawings showing system layout and fluid system design BRAE

parameters have also been reviewed. One of the drawings provided (G.E. APED
8460692) gives structural details of the hydraulic control unit. In
particular, Section 3-8 shows anchor details for the units; structural
dimensions for the unit frames are not defined. While no calculations or
analysis were submitted for review on Millstone 1, we are aware of a yeneric
General Electric Co. report No. DAR 149 dated November, 1972 which covers the
seismic desian of hydraulic control units. This report may not De applicable
to the units installed at Millstone 1; therefcre, we have not attempted to
review its content,

Insufficient information is available on the hydraulic control units
and their structural supports to permit evaluation of their seismic design
adequacy.

§.3.1.9 Reactor Vesse! Supports

The seismic design of the reactor vessel support fis discussed in answer
tc SAR Question A.5 AM.17. (Ref. 53). The stresses are reported as 11.2 Ksi
in the anchor bolts for the SSE equivalent loading case of 0.8 g, well within
the code allowable for tension. The stresses in the ring to skirt Dolt appear
to be within the pretension levels at the 0.8 g level. Stresses in the truss
nembers for the upper lateral support have not been defined.

From page A-37 of CENC 1126 (Ref. 34) the stresses determined in the
reactor vessel support skirt are 3.5 Ksi for the dead load plus 0BE seismic
load. Assuming that the same 2.4 factor used in evaluating the vessel is
applicable to the skirt suppeort, the applied stress in the skirt would be 2.4
x 3.5 or 8.4 ksi, which is less than the 13.7 ksi ailowable.

The basis of the 11.2 Ksi stress reported in answer to SAR Question A.5
AM.17. has not been reviewed nor have the resultant stresses in the upper
laceral support truss been defined. Except for these uncertainties it would
appear the reactor support system is adequate for the SSE level defined in
this repcret.

§.3.1.10 Reactor Vessel and Internals

3ased on our review of the analytical report for the Millstone 1l
reactor vesse! as given in Ref. 34 and the Earthquake Analysis reportad in
Ref. 55, the original amalysis appears to De as jescribed below.
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The reactor vessel was designed for a 455 Kip shear load and 12079 K-ft
overturning moment corresponding to the 0.07 g PGA horizontal 2arthquake.
These values were modified results of a seismic amalysis which considered
building movement. The final design accelerations were determined by the SRSS
combination of rigid body ground acceleration and 2 one degree of freedom
relative acreleration. The effects of earthquake loads were convertad to an
aquivalent uniform vertical load on the vessel. In this conversion the effact
of shear or stress intensity seems *o have been neglected. In addition, there
appears to have been a calculation error on page A-31 which would increase the
seismic effect by a factor of 2.0 or the effective vertical Toad by a factor
of one third.

Since the original seismic loads contribute less than 10 percent of the
total primary stresses, changes in seismic loads have a relatively minor
affact on the reactor vessal. Even when accounting for the increases in
seismic loading indicated abcve, the total stresses in the vessal are well
within allowable values.

The analysis of the reactor intarnals and in particular the :hroud
support as shown in Ref. 54 has been reviewed. Original Seismic 1.adings on
the shroud support structure are the same 0.4 g herizontal and 0.08 g vertical
load s were used in the vessel analysis hence no amplification of seismic
input by the vessel was considersd. On page A-829 of the Ref. 54 calculations
the maximum primary stress in the shroud support was determined to be 5000
psi. Given that the maximum vertical earthquake load may be as high as 1.5
times the dead weignt load and vertical lcading s the principal primary
stress contributor to stresses in the shroud support the maximum resultant
stress should not exceed 3000 psi which is well within code allowables.

It can be concluded, therefore, that the reactor and reactor internals
(shroud-support) should be able to withstand the SSE level of seismic loading
defined in this report without loss of function within the allowable benhavior
limits prescribed in Table 10.

6§.3.2 Electrical Equipment

6.3.2.1 Battery Racks

The calculations and drawings, furnished dy the licensee, for the
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battary racks used in the Millstone 1 plant are from a recent redesign (Ref.
56). These stationary battery cells where analyzed using horizontal and
vertical accelerations of 1.0 g.

The horizonta] response spectra for the battery racks, which
corresponds to £1. 34' 6* of the turbine building are given in Fig. A-13.

Peak spectral accelerations are substantially lower than those used in
the analyses; however, it would appear that positive anchorage against battery
sliding has not been included and that the only lateral stability of the rack
in the longitudinal direction is developed by friction. In our opinicn,
positive anchorage against earthquake forces is required, unless the component
is analyzed considering both friction and the potential for non-linear
response 1ssociatac with rocking and sliding.

In addition, 11dicated stresses account for the occurrencs of one
horizontal and one vertical earthquake only and do not consider the seismic
input horizontal loads as independent components simultaneously apolied.

We believe that the oesitive anchorage indicated above should Dde
added. A new analysis, using the proper lcad combinations should ce performed
hefore detarmining the structural design adequacy of the racks.

§.3.2.2 Motor Control Centers

General Electric Co., which supplied the 250V OC motor control centers
for Millstone 1, performed 2 generic test on metor control units (Ref. 57).
These tests were performed using an input of 0.5 g at the base, through 2
frequency band width from 5 to 500 Hz. The tests demonstrated that the
resonant level of the equipment structurs appears to b at 3-8 #z. In this
frequency range, the floor spectra for the Turdine 3uilding at E1. 34' &"
(Fig. A-13) indicate accelerations of 0.85 g for the N-S direction and 03.75 g
for the S-W direction. These accelerations are substantially higher than
those usad in the tast. However, the licensae recently perfaormed new
calculations (Ref. 38) which resulted in additional supporis ard draces.

3ased on a review (Ref. 59) of both the furnished test results and
calculations, the review team believes that the 0.C. Motor Control Centers in
the Reactor and Turbine Buildings will withstand the 0.2 g SSE, if their
supporting systems are medified as indicated in Ref. 58.



5.3.2.3 Transformers Qm

No evaluation has been performed sirce insufficient drawings or design
calculations are currently not available. However, the available drawings
indfcate that the 480V A.C. switchgear emergency transformer is not positively
anchored. It is recognized that modifications are in progress; however,
anchorage details have not heen provided.

6.3.2.4 Switchgear Panels

The Switchgear located in the Turbine 3uilding at ZL. 34' 68", was
recently analyzed by Northeast Utilities Service Co. (NEU) for a 1.0 g SSE
(Ref. 80).

The peak horizonta! acceleration levels obtained from Fig. 3-13, are
0.35 g and 0.75 g for the £-4 and N-% directions, respectively. Since these
are below the levels used by NEU in their calculations, a review of the NEU
data was performed with the following observances:

“ The additional bracing added has been attached to 2 concreta block
wall.

% No proof has been furnished that the above referenced block wall
has been seismically qualified.

0 The switchgear and its anchorage, as medified, will withstand the
0.2 g SSE without lass of structural integrity.

As a result, the review team believes that the switchgear panels, when
modified as indicated in Ref. 50 will with:tand the pecstulated SSg, if it can
be demonstrated that the attachment walls are gualified.

6§.3.2.5 Contro! Room Control Panels

No evaluation has been performed since drawings or design calculations are
currently unavailable.
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As with the switchgear panels (Section 6.3.2.5) the diesel generator
remote control board was recently analyzed by Northeast Utilities Service Co.
and modifications were introduced (Ref. 61).

The control board, iocated at £1. 14' 6" of the Turbine Building, was
analyzed by NEU for an SSE seismic acceleration of 1.0 g which compares
favorably with the N-S and £-W peak response at £1. 34' 6" of the Turbine
8uilding--0.85 g and 0.75 g, respectively.

A review of Ref. 61, indicates that the additional bracing added is
attached to a concrete block wall. It is not clear that this wall has Deen
designed to withstand the 0.2 g SSE. Based on the above and on Ref. 52, the
review team be . .eves that the diesel generator remote control beard, when
modified as indicated in Ref, 61, and if it can bDe demenstrated that the
attachment walls are qualified, will withstand the postulated SSE.

6§.3.2.6 Diesel Generator Remote Control 3o0ard

§.3.2.7 Battery Charger

The battery chargers (1, 1A, 11A) were recently analyzed by NEU Service
Co. (Ref. 63) and modifications were made. The NEU analysis was performed
using a 1.0 g acceleration for both horiz~ntal directions and an acceleration
somewhat less than 1.0 g for the vertical direction. A comparison to the peak
response obtained for the Turbine Building at £1. 34' 6" (7% damping), which
is 0.85 g and 0.75 g for the E-W and N-S directions, respectively (Fig. A-13),
together with a thorough review (Ref. 64) of the NEU calculations and
modifications demonsirates that the battery chargers would withstand the 0.2 3
SSE without loss of structural integrity.

6§.3.2.8 Electrical Cable Raceways

No evaluation has been made since no drawings or design calculations
are cyrrently available,

5.4 SUMMARY AND CONCLUSIONS

Table 12 summarizes our findings on the sample of mechanical and
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electrical components and of distribution systems that were evaluated %0
determine the seismic design adequacy of such items required for the saf
shutdown of the Millstone 1 nuclear steam supply system. As discussed in Sec.
6.1 of this report, the sample incluces components the review team selacted,
based on judgement and experience, as repres.ntative of lower-bound seismic
design capacity of Millstone 1, as well as the grouping of components into
representative categories.

3ased upon the design review and independent calculations for the SE?
seismic load condition, we recommend that design modifications or reanalysis
may be required for particular mechanical and elactrical components <2
withstand the 0.2 g SSE without loss of structural integrity as required for
maintaining safety functions. In gene~al, no information that has Deen
provided demonstrates the functional adequacy of mechanical and electrical
squipment evaluatad on the Millstone 1 Plant. Based on design datz we have
evaluated, the particular mechanical and electrical components that require
additional evaluation and possible design modification are as follows:

1. Emergency service water pump. 7. Motor ccntrol centars.
2. Emergency cocling water heat 8. Transformers.
a@xchanger,

9. Switchgear panels.
3. Recirculation pump.

10. Diesel generator remote control
4, Motor operatad valves. board.
5. CRD hydraulic contrel units. 11. Battery chargers.

6. Battery racks. 12. Electric cable raceways.
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TABLE 12. Conclusions re?ard1ng equipment selected for review for seimic design

adequacy of Mi

1stone Unit 1.

[tem

Description

Conclusion and Recom.endaticn

Emergency service water pump

Emergenc, :ondensar
Shutdown heat axchanger

Emergency cooling water
heat exchanger

Recirculation pump support

Emergency diesel o1l storage
day tank

Bolting must be revised. Functional integrity
has not been evaluated due to lack of design
detail. We also recommend the replacement of
any cast iron components used.

0.K.
OOK.

The exchanger is not positively restrained in
the longitudinal direction. Either a more
rigorous analysis is required or the tank
requires the additior of 2 longitudinal
restraint.

0.K. for structural integrily; however, no
evaluation has been performed to determine
seismic 1cads on the pump snubber supports or
to evaluate its functional integrity since
sufficient data is unavailable.

OQKQ
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TABLE 12. Conclusions arding equipment selected for review for seismic design
adequacy of Millstone Unit 1.

[tem Description Conclusion and Recommendation

9 Mctor operatad valves Generic analysis on motor-cperatad valves on
lines 4 in. or less in diameter should be
performed to show resylting stresses are lass
than 10% of the applicable Condition 8 (active)
or Condition D (passive) allowable stresses.
Otherwise, stresses induced by valve
eccentricity should be introduced ints piping
analysis to verify design acequacy or provice a
procedure whereby all motor valves 4 in, or
less in diametar would de externally
supported. Seismic tasting results supplied on
motor operators do not demonstrata functional
adequacy for Millstone 1.

8. CRD hydraulic control system There is insufficient information ~oncerning
including tubing and supports the Millstone 1 hydraulic control units and
their structural supports to permit evaluation
of their seismic design adeguacy.

3. Reactor vessel, supports, 0.K.
and internals
10. 3attery racks New analysis is required along with the
addition of longitudinal restraints for the
batteries.
1. Motor contral centers 0.K. for structural integrity if block wall t

which supports are attached can De demonstrated
to de seismically qualified. No information on
function.
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TABLE 12. Conclusions regarding equipment selected for review for scismic design
adequacy of Millstone Unit 1.

[tem Description Conclusion and Recommendation
12. Transformers No evaluation has been performad sir~
insufficient drawings or structur tegrity

design calculations are currently . (lable.

13. Switchgear panels No evaluation has been performed since
insufficient arawings or structural integrity
gesign calculations are currently available.

14. Control room alectrical panels No structural integrity evaluation has Been
performed since no drawings or design
calculations are currently available.
Functionality has not been demonstrated.

15. Diese! generator remote 0.K. for structural integrity if block wall o
control boards which suppcrts are attached can be demonstratad
to be seismically qualified. Ne information on
function.
16. 3attery room distribution 0.K. for structural integrity if block wall %o
panels which supports are attached can be demonstrated
to be seismically qualified. No in®armation on
function.
17. Electrical cable raceways No evaluation has been made since no drawing or

design calculations are currently available.
However, it is recommended that lateral
restraint He provided unless design adequacy is
demonstrated.
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Fig. 2. Isometric of Millstone 1 plant showing major structures.
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Fig. 3. Cross section of the reactor building.
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Fig. 4. Smoothed acceleration response spectra used in the design of
Millstone 1.
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Fig. 5. Acceleration recponse spectirum from the normalized record of the July
21, 1352, Kern County earthquake (N63W component from Taft, Lincoln
Schoo! Tunnel).
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Fig. 6. Seismic coefficient curve for rigid aquipment and piping in the
reactor building.
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Fig. 7. Plot plan of Millstone Muclear Power Station Unit 1.



4
1o (%)

1 464 266
1464 268
2281878

2856 030
2355608

§ 138 000

8 063 880
8 758 388

Fig. 8.

DRAFT

Weight Zlevation
A, (7% (kip) (f2)

827 ¢ 1924 — 147°2.5"
§27 ¢ 2244 —— 129°0”
2842 417 751.06 —— 1088"
3205 414 170.2 —— 829"
2764 4146805 —— 859"
2925 4178113 — 428"
3843 9174219 — 146"
— 00"

- 2600"

5275125344.1
", O 4 B8 12 16 0 20 40 80 80 '00

Mode! OBE shear (10° kip) OBE mcment (10° kip-ft)
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Lumped mass mode! and seismic responses of the reactor building.
(a). The mode! consistad of 3 masses. (b). OBE shear calculated by
the time history technigue using the Taft record. (c). CBE
calculated using the same conditions.
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Fig. 9. Lumped mass model and seismic responses of the ventilation stack.

(a). The model consisted of 40 masses.
the time history technique using the Taft record. (c). OBL moment

(b). OBE shear celculated by
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Fig. 1l. Mathematical mode! used in the original analysis of the racdwaste
building/control room.
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Fig. 12. East-west section of turbine and radwaste bduildings.
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Fig. 14, Seismic analysis mode! of the torus. (a). Typical cross dracing;
and (b). Single degree-of-freedom model.
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Fig. 15. Mathematical mode! used in the analysis of the reactor
recirculation locp piping.



Fig. 16.

Schematic of the drywell truss systam.
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Fig. 18. calculated 0BE seismic shears in the reactor pressure vessel.
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Comparison of the original response spectrum for 2% of critical
damping with the 7% R.G. 1.60 spectrum indicates the relative
magnitude of the response of bolted steel structures and equipment
desi?ned to Millstone 1 criteria to that from current criteria.
Similarly, expected levels of response for base-level-mounted
larcs piping for the two criteria can be made by com ‘ng the
0.5% original response spectrum and the 3% R.G. 1.80 spectrum.
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Fig. 30. Mathematical model of the turbine building.
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