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November 19, 1982

Docket No. 50-409
L505-82-11-059

Mr, Frank Linder

eneral Manager

Dairyland Power Cooperative
2615 East Avenue South
LaCrosse, Wisconsin 54601

Dear ¥;. Linder:

SUBJECT: SEP TOPICS I11-6, SEISMIC DESIGN CONSIDERATIONS
AND T11-11, COMPONENT INTEGRITY
LACROSSE BOILING WATER REACTOR (LACBWR)

Enclosed is our draft safety evaluation for the seismic design of the
LaCrosse Boiling Water Reactor. The staff's review is based on submitted
analyses and working-level meetings between Dairyland Power Cooperative
(DPC) and NRC representatives, The enclosed draft Safety Evaluation
Report (SER) identifies many open items concerning the completed analyses
and that your evaluations of LACBWR are incomplete, Therefore, the con-
clusions presented in the evaluation may be revised should new information
he presentei in later Dairyland Power Couperative seismic reports,

Based upon the NRC staff and its consultants review of the analyses and

crite~ia supplied by the licensee for structures, piping, equipment and CEnS
comporcats, we cannot conclude that these analyses are adequate. Further, ,)(>C3'f
as indicated in the enclosure, many analyses for piping, equipment and j)
conponents are yet to be performed. Schedules for the completion of DSu usg(‘ss
all required analyses and implementation of modificalions shown te be

necessary based upon your completed analyses have not been provided. "003

We acknowledge that NRR management personnel met with DPC representatives é; 5*“/6—
on several occasions and permmitted the SEP seismic analysis schedule to ’ 4
he deferred pending results of utility risk assessment studies. However,

recent conversations with DPC indicate that no formal relief reqguests are

planned until completion of the SEP Integrated Assessment,

This evaluation will b~ a basic input to the integrated safety assessment
for your facility unless you identify chznges needed to reflect the
as-built conditions at your facility. With evespect to the potential
modi fications and open items outlined in tr.s report, a determination of
the need to actually implement these or ocher changes will be made during
the same integrated assessment., This to;ic assessment may be revised in
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Mr. Frank Linder ol

the future 1f your facility design is changed or it NRC criteria relating
to this topic are modified before the integrated assessment i1s completed.

Sinceiely,
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s %14

Uennis M, Crutchfield, Chief
Operating Reactors Branch No. 5
Division of Licensing

tnclosure:
As stated

cc w/enclosure:
See next page
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Mr. Frank Linder

cc
Fritz Schubert, Esquire
Staff Attorney

Dairyland Power Cooperative
2615 East Avenue South

La Crosse, Wisconsin 5460]

0. S. Heistand, Jr., Esquire
Morgan, Lewis & Bockius

1800 M Street, N. W.
Washington, D. C. 20036

Mr. John Parkyn

La Crosse Boiling Water Reactor
Dairyland Power Cooperative

P. 0. Box 275

Genoa, Wisconsin 54632

Mr. George R. Nygaard

Coulee Region Energy Coalition
2307 East Avenue

La Crosse, Wisconsin 54601

Dr. Lawrence R. Quarles
Kendal at Longwood, Apt. 51
Kenneth Square, Pennsylvania 19348

U. S. Nuclear Regulatory Commission
Resident Inspectors Office

Rural Route #1, Box 276

Genoa, Wisconsin 54632

Town Chairman

Town of Genoa

Route

Genoa, Wisconsin 54632

Chairman, Public Service Commission
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Madison, Wisconsin 53702
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Nuclear Regulatory Commission, Region III

799 Roosevelt Road
Glen Ellyn, I1linois 60137

Mr. Ralph S. Decker
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Cambridge, Maryland 21613

Charles Bechhoefer, Esq., Chairman
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Dr. George C. Anderson
Department of Oceanography
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y LACBWR-1

SYSTEMATIC EVALUATION PROGRAM
TOPICS III-6 AND III-11
LACROSSE BOILING WATER REACTOR

TOPICS: 1II1-6, SEISMIC DESIGN CONSIDERATIONS

I.

TIT-T1, COMPONENT INTEGRITY

INTRODUCTION

The eleven nuclear power plant facilities under review in the SEP
received construction permits between 1956 and 1967. Seismic design
procedures evolved significantly during and after this period. The
Standard Review Plan (SRP), first issued in 1975; along with the
Regulations 10 CFR Part 50, Appendix A; and 10 CFR Part 100, Appendix
A constitute current licensing criteria for seismic design reviews.
As a result, the original seismic designs of the SEP facilities vary
in degree from the Uniform Building Code up through and approaching
current standards. Recognizing this evolution, the staff found that
it is necessary to make a reassessment of the seismic safety of these
plants.

Under the SEP seismic reevaluation, these eleven plants were categor-
ized into two groups based upon the original seismic design and the
availability of seismic design documentation. Different approaches
were used to review the piant facilities in each group. The
approaches were:

Group I: Detailed NRC review of existing seismic design docu-
ments with limited reevaluation of the existing
facility to confirm judgments on the adequacy of the
original design with respect to current requirements.

Group Il: Licensees were required to reanalyze their facilities
and upgrade, if necessary, the seismic capacity of
their facility. The staff reviews the licensee's re-
analysis methods, scope and results. Limited indepen-
dent NRC analysis performed to confirm the adequacy of
of the licensee's method and results.

Based on the staff's assessment of the original seismic design, the
LaCrosse Boiling Water Reactor (LACBWR) was placed in Group II for
roview.

The LaCrosse Boiling Water Reactor is a 165 MW thermal boiling-water
reactor, It is located about 1 mile south of Genoa, Wisconsin on the
east bank of the Mississippi River. Allis-Chalmers had the responsi-
bility for the design, fabrication, construction, and startup of the
reactor plant. Allis-Chalmers retained 5argent & Lundy Engineers as
architect-engineers for the project and the Maxon Construction Company
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as constructors. The Censtruction Authorization (CAPR-5) was issued
in March 1963, Allis-Chalmers operated the plant until November 1,
1969, under Operating Authorization DPRA-5, issued in July 1967.

Since that time, the plant has been operated by Dairyland Power
Cooperative under Operating Authorization DPRA-6, issued in November
1969, and Provisional Operating License DPR-45, issued in August 1973.
No seismic loads were considered in the initial design of LACBWR. A
seismic assessment of certain structures and systems was begun in 1974
by Gulf Atomic. Seismic analyses were continued to the present time,
with the latest evaluations being performed by Nuclear Energy
Services (NES). The details of the earlier seismic evaluations are
described in the draft summary report “"Seismic Review of LaCrosse
Boiling Water Reactor (LACBWR) Phase 1 Report - Review and Document
Existing Seismic Analysis and Design" (Attachment 1).

The SEP seism’c review of the LACBWR facility addressed only the Safe
Shutdown Farthquake (SSE), since it represents the most severe seismic
event that must be considered in the plant design. The scope of the
review included three major areas: (1) the integrity of the reactor
coolant pressure boundary; (2) the integrity of fluid and electrical
distribution systems related to safe shutdown; and (3) the integrity
of mechanical and electrical equipment designed as engineered safety
feature systems (including containment).

By letters dated August 4, 1980 and April 24, 1981 (References 1 and 2),
the licensee, Dairyland Power Cooperative, was requested in accordance
with 10 CRF 50.54(f) to seismically reevaluate and upgrade, if neces-
sary, all safety-related structures, systems and components to a level
of seismic resistance consistant with ground motion associated with the
site specific spectra.

REVIEW CRITERIA

Since the SEP Group II plants were not designed to current codes,
standards, and NRC requirements, it was necessary to perform "more
realistic" or "best estimate" assessments of the seismic capacity

of the facility. A set of review criteria and guidelines was devel-
oped for the SEP plants. These review criteria and guidelines are
described in the following documents:

1. NUREG/CR-0098, "Development of Criteria for Seismic Review of
Selected Nuclear Power Plants," by N.M. Newmark and W.J. Hall,
dated May 1978.

2. "SEP Guidelines for Soil=-Structure Interaction Review," by SEP
Senior Seismic Review Team, dated December 8, 1980.



3. Letter to F. Linder (Dairylana Power), from D.M. Crutchfield (NRC),
“Systematic Evaluation Program Position Re: Consideration of
Inelastic Response Using the NUREG/CR-0098 Ductility Factor
Approach," dated June 23, 1982.

4. \Letter to F. Linder (Dairyland Power), from D.M. Crutchfield (NRC),
“SEP Topic 111-6, Seismic Design Considerations, Staff Guidelines
for Seismic Evaluation Criteria for the SEP Group II Plants,"
dated July 26, 1982.

5. Letter to F, Linder (Dairyland Power), from D.M. Crutchfield (NRC),
"SEP Topic 111-6, Seismic Design Considerations, Staff Guidelines
for Seismic Evaluation Criteria for the SEP Group Il Plants -
Revision 1," dated September 20, 1982.

For the cases that are not covered by the criteria stated above, the
foilowing SRPs and Regulatory Guides were used for the review:

1. Standard Review Plan, Sections 2.5, 3.7, 3.8, 3.9, and 3.10.
2. Regulatory Guides 1.26, 1.29, 1.60, 1.61, 1.92, 1.100 and 1.122.
Any deviations from the criteria or guidelines were to be justified

by the licensee on a case-by-case basis.

[TT. RELATED TOPICS AND INTERFACES

The SEP topics related to the review of Seismic Design Considerations
and Component Integrity are 11-4, [1-4,A, 11-4,8, and [1-4.C. These
topics relate to specification of seismic hazard at the site, namely,
the site specific free-field ground response spectra for the LACBWR
site.

IV.  EVALUATION

A. General Approach

The seismic reevaluation of the LACBWR was initiated by conducting a
detailed review of the docketed plant seismic related design criteria.
The results of this review are summarized in Attachment 1. Based on
the findings of this docket review, two NRC 10 CFR 50.54(f) letters
were issued to require the licensee to complete a seismic reevalua-
tion program. This program scope included: (1) providing a justifi-
cation to demonstrate that the plant can continue to operate in the
interim until the program is complete; (2) proposing a program plan
which addresses the scope, criteria, and schedule for completion of
the program; and (3) performing seismic analysis after staff accept-
ance of the proposed program, and providing the fina: results to the
staff for review. The results of the staff review of this program
would provide the basis for seismic safety assessment of the facility.
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The licensee has not completed the requisite seismic analyses. As
discussed later, several outstanding open issues remain to be resolved
regarding the structural, piping and mechanical equipment analyses
presented by the licensee. Evaluation of the safety-related electrical
equipment have not been performed nor has a plan for such evaluations
been provided.

The review approach which was followed on LACBWR was to first perform

a review of their program plan. This plan consisted of a presentation
of general methodologies and criteria to be used by the licensee.

Next, a working-level meeting was conducted among the licensee's
consultants, and a review team consisting of the NRC staff and its
consultants. At this meeting, the licensee's analyses and calculations
for structures, piping, equipment, and components were reviewed on an
audit basis.

When structures are evaluated, they are judosd to be adequately designed
b &

1. The analyses are sufficient to adequately determine structural
r *~ onses consisting of member loads, and floor response spectra
. .ing, equipment and components evaluations; and

2. The loads generated from the analyses are less than original loads;
or

3. The seismic stresses from the analyses are low compared to reason-
able estimates of the maximum strengths of the steel and concrete;
or

4, The seismic stresses from the analyses exceed reasonable estimates
of the steel or concrete maximum strengths, but estimated reserve
capacity (or ductility) of the structure is such that inelastic
deformation would be expected without structural failure or adverse
impacts on piping, equipment or component resnonses.

I[f the above criteria are not satisfied, more comprehensive reanalyses
are required to demonstrate design adequacy. Section Il criteria 1l
through 3 provide the basic guidelines for all evaluations, in conjunc-
tion with the previously referenced SRP and Regulatory Guide guidelines.

Piping and mechanical equipment evaluations were presented in a working-
level meeting with the licensee's consultant. Acceptance criteria con-
tained in Reference 5 were used as review guidelines. Piping is judged
to be adequate if:

1. The analyses are sufficient to adequately determine piping system
responses; and



2. The piping response stresses are in conformance with the criteria
contained in References 4 and 5; or

3. The piping responses exceed the criteria referenced above, but
estimated ductility is such that inelastic deformation is expected
without loss of integrity or adverse impacts on the response of
attached piping, equipment or components.

[f the above criteria are not satisfied, more comprehensive reanalyses
are required to demonstrate design adequacy. Section Il criteria 1
through 5 provide the basic guidelines for all evaluations, in conjunc-
tion with the previously referenced SRP and Requlatory Guide guidelines.

No program has been described or implemented by the licensee for the
evaluation of the structural integrity of electrical cabinets. The ade-
quacy of electrical equipment and components would be judged using
criteria similar to that outlined above for the structures and piping.

B. Detailed Evaluation

1. Seismic Input

The site specific ground response spectra, which are acceptable to the
staff as input for the seismic reevaluation of the LACEWR plant, were
provided to the licensee by NRC letters dated August 4, 1980 and June 17,
1981 (References 1 and 7). These spectra are based on the results of
the NRC Seismic Hazarus Analysis Program (Ref. 6) conducted by the staff
and its consultant, Lawrence Livermore National Laboratory (LLNL).

2. Justification for Continued Operation

The licensee provided information supporting continued operation by
letters dated October 14, 1980 and June 12, 1981, and the letter from,
Craig Finnan (NES) to R.E. Shimshak (Dairyland Power), dated April 21,
1981. In addition, the staff and its consultant (Professor W.J. Hall
of the University of [1linois) visited the site on May 22, 1981, to
evaluate the seismic resistance of the facility. The NRC Safety Eval-
uation Report (SER) to support continued operation of the LACBWR plant
until completion of the seismic reevaluation program, was issued on
September 4, 1981 (Ref. 8).

The conditions imposed in the September 4, 1981 SER were that:

(1) results of seismic analysis are submitted for NRC review on the
schedule specified in a June 12, 1981 letter; and

(2) any modifications shown to be necessary as a result of the seismic
analysis which are not implemented by January 1, 1983, were justi-
fied on a case-by-case basis with a schedule for implementation.



The justification for continued operation was based upon analyses

being performed in a timely manner such that any necessary modifica-
tions would be identified, the upgrading of the high pressure core
spray system, the proper anchorage and support of safety-related
electrical equipment, the addition of redundant cocling water supplies,
and the inherent capacity of the remaining plant structures and systems
coupled with the low seismic hazard associated with the LACBWR site.

3. Review of the Seismic Reevaluation Program Plan

Descriptions of seismic criteria, scope, analytica' procedures, and
modeling techniques are described in The Full Term License Application
for LaCrosse, Attachment 2. The results of our review were documented
in a January 19, 1982 NRC letter to the licensee. As discussed later,
this and subsequent reviews have identified many open issues which must
be resolved. No schedule for the resolution of these issues and the
implementation of modifications has been provided by the licensee.
Therefore, we find that the program plan is not in conformance with the
SEP requirements.

4, Review Scope

The scope of the reevaluations was specified in the August 4, 1980 and
April 24, 1981 NRC 10 CFR 50.54(f) letters (Refs. 1 and 2) to include
those structures, systems and components necessary to assure, both
during and after a postulated seismic event:

l. The integrity of the reactor coolant pressure boundary,

2. The integrity of fluid and electrical distribution systems related
to safe shutdown and engineered safety features; and

3. The integrity and functionability of mechanical and electrical
equipment and engineered safety feature systems (including con-
tainment).

The resolution of issues related to the functionability of mechanical
and electrical equipment was later deferred to the Unresoived Safety
Issue (USI) A-46.

5. Review of Reevaluation Criteria and Scope Proposed by the Licensee

The scope of the licensee's evaluations are defined by the analyses
described in the July 22, and August 2, 1982 licensee letters (Refs. 9
and 10). The analyses attached to these letters also provide the
details of the criteria employed in the licensee s evaluations. These
analyses were reviewed by the staff an” its consultants. Attachment 2,
the Lawrence Livermore National Laboratory (LLNL) report "Review of the
Seismic Re-evaluation of the LaCrosse Boiling Water Reactor Facilities,"
dated September 1682, describes in detail the results of our review of
the licensee's structural evaluations Attachment 3, the Structural
Mechanics Associates (SMA) report “Struciural Review of the LaCrosse
Boiling Water Reactor Under Seismic Loads for the Systematic Evaluation



Proyrar . i'ted September 1982, describes an NRC sponsored independent
seismic aal 'sis of the LACBWR containment structure and forms the

basis for «</ta.~ conclusions drawn in Attachment 2. Attachment 4, the
EG&G repor’ Techn 21 Evaluation of LaCrosse Boiling Water Reactor
Power Stat. n Zef<n o Design," dated September 1982, describes in

detarl the .osults o o review of the licensee's piping, equipment and
component »va. et on

The licensee has 1'ia’zd the Reactor Containment Building, the Turbine
Building, the 1-B Diesel Generator Building, and the LACBWR and Genoa

3 stacks. These structures are appropriate to meet the scope of required
structural evaluations provided that the licensee either confirms that
tnere are not safety-related cunnels or, if there are, evaluates them.
This conclusion is based upon the licensee's installation of the
Emergency Service Water System,

The following piping and equipment have been evaluated by the licensee:

the shutdown condenser and p'atform, the feedwater piping system, the

main steam piping system, the recirculition piping systems, the high
pressure core spray suction and discharge piping system, and the 14"

shutdown condenser vent piping system. This is not in conformance with

the minimum required scope (Ref. 2), for example, the Control Rod Drive

(CRD) system and reactor vessel internals were not evaluated. For the

piping system analyses, in many cases modifications were assumed but they
have not been implemented and may not be possible to implement due to
physical contraints or geometry. The licensee should evaluate the "as-built"
plant to determine the ability to install the assumed modifications. Analyses
to demonstrate structural integrity of electrical equipment, including

their anchorages, were not provided, although, the licensee indicated

in a July 28, 1980 letter to the NRC on the subject that the anchorage
portion had been completed. Pumps and valves were not included in the
Ticensee's evaluations. Additional deficiencies in the licensee's scope

of seismic review are listed in Attachment 4. Therefore, the scope of the
licensee's aralyses is not in conformance with that specified in Refer-

ences 1 and 2. No licensee justification for the deviations from the SEP
scope of seismic review have been provided.

For those analyses which have been provided by the licensee for review,
many deficiencies and open items have been identified by the NRC staff
and its consultants. These are identified in Attachment 2 and 4. These
identified deficiencies and open items are of sufficient magnitude to
preclude a finding by the staff that the facility would resist an
earthquake as defined by the Site Specific Spectra. Insufficient infor-
mation is available to enable us to quantify the level of seismic resistance
that may exist for the LACBWR. In addition, we cannot conclude that the
implemented modifications are adequate. Substantial additional analyses
and studies are required to provide for quantification of the facility's
seismic resistance.
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v. SUMMARY AND CONCLUSIONS

The scope of the licensee's evaluations is not in conformance with
that required by the SEP criteria. Several deficiencies and open
items have been identified (see Attachment 2 and 4) in those analyses
which have been performed.

No schedule for resolution of these open issues or for the implementa-
tion of any required modifications has been provided by the licensee.
It is the staff's judgement that such schedules would extend beyond
January 1, 1983. No justification for such an extension has been pro-
vided by the licensee.

The licensee has indicated that they do rot intend to expend further
resources on the seismic evaluation of the LACBWR, since this may

not be economically justified. The staff does believe that the
facility possesses inherent seismic resistance. However, insufficient
analyses have been performed and implementation of corresponding re-
quired modifications, to allow the staff to conclude that there is
assurance that the facility can safely withstand the occurrence of an
SSE as defined by the site specific spectra. Based upon the low prob-
ability of an earthquake with significant ground motion at the site
and the potentially low radiological consequences of an accident, the
staff concludes that continued operation is acceptable pending comple-
tion of the integrated assessment.
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SUMMARY OF FINDINGS

The seismic analysis of La Crosse 3ciling Water Reactor (LACBWR)

Plant was based upon a seismic event with a ground surface level peak
acceleration of 0.12 g for the Safe Shutdown Earthquake (SSE) and 0.06 g
for the Operating Basis Carthquake (OBE or ';SSE).

The horizontal ground motion for the SSE event was specified in the
form of response spectrum curves conforming with the Regulatory Guide 1.60.

A ground time history, which envelopes the specified 2% damping response
spectru&, was generated using the Fourier decomposition method with the Taft
1952 record chosen as the initial accelerogram. The seismic input at different
soil levels of the pile foundation systems were generated using a deconvolution
process in the frequancy domain. The soil lavers were modeled by a "shear
beam' model. Iterations were performed to converge the root-mean-square values
of soil shear strain to the levels compatible to the soil properties.

The time history method was used in the seismic ana{ysis of major struc-
tures on pile foundation including the Reactor Containment Building, LACBWR
stack and Genoa stack. The soil-structure interaction effects were modeled by
soil springs and dashpots attached at different levels to the beam elements
which represent the pile group. The structures were alsP modeled by beam
elements and lumped masses. The SSE or %SSE criteria pulse was input at all
pile nodes with the magnitude of the pulse scaled with depth according to the
"shear beam" study to account for soil amplification effects.

The response spectrum method was used in the scismi; analysis of most
major piping systems and equipment. The hori:zontal floor spectra were gencrated
from the time history analysis of the structure. The vertical spectrum was

taken as two-thirds of the horizontal ground acceleration (no amplification).

SU——— —— — - - ——— v —— ——



The horizontal and vertical acccleration were applied simultancously. The
modal responses were combined by the squarc-root of the sum of square method.
The turbine building was analyzed using the equivalent static method.
Each column line was modeled by a single-degree-of-freedom system.
The damping values assumed for concrete structures, piping systems
and equipment are equivalent to those suggested in Regulatory Guide 1.61.
According to the analysis report of Gulf United Services, Inc., 1974,
all wajor structural components in the Reactor Containment Building are
adequat* for the SSE event, the LACBWR and Genoa III stacks would collapse
under SS. condition, additional lateral bracing could be required in the
turbine building steel framework, and piping systems could require additional
seismic restraints. In the subsequent seismic analysis of piping systems
perfcrmed by Nuclear Energy Services, additional seismic restraints were also

recomnended for most piping systems.
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2. INTRODUCTION

2.1 GENERAL

NRC Systematic Evaluation Program (SEP) has selected LACBWR as one
of the operating plants currently considered for the seismic review. The
prime concern is the plant's existing capability to ensure safe shutdown
in the event of a SSE. As the first step, existing seismic design and
analysis information of these plants are being collected and documented.

This report is to present the findings on LACBWR from available documents
in the NRC docket (see Section 2.2). In the future, additional information
may appear and will be accordingly incorporated into this report.

The topics covered in this report include those listed in NRC Standard
Review Plant (SRP) Section 3.7.1 to 3.7.3. These are the topics which will
be emphasized upon.

The data presented in this report will be used later for comparison
with current standards, criteria, and procedures in Phase 2 of the seismic
review. All major systems are divided into the following ihree groups
respectively considered in Section 4, 5, and 6 of the report.

1. Major Structural Systems and their foundations

2. Major Piping and their Supports

3. Major Mechanical and Electrical Equipment aﬁd their Supports

Summary tables of seismic design and analysis method of the azbove three
groups are given for quick rcference..

It is acknowledged that errors due to misinterpretation of data or the
use of obsolete data may occur. Therefore, care was taken to provide sufficient

reference to the material presented.
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AVAILABLE DOCUMENTS

The documents related to license application of ali U.S5. Nuclear

Power plants are maintained on active files in the NRC docket room, Bethesda,

The docket number for Palisades Plant is 53040%. The compiled

seismic information in this report is taken mainly from Docket 50409 which

is comprised of the following documents:

LACBWR Safety Analysis Report - Draft (July 1978)
Seismic Analysis Report by Gulf United Services, 1974
Seismic Analysis Reports by Nuclear Energy Services, Inc.,
1975-1978

Letters and correspondence among utility, NRC and other
agencies

Technical reports on various subjects, i.e., technical
specification, operation, abnormal occurrence, inspections,
modifications in design, application for cecnversion from
POL to FTOL, etc.

LACBWR Safeguards Report for Operating Authorization,

Allis-Chalmers, 1965

STATUS OF SEISMIC DATA

Most of plant descriptions and design criteria are found

in Safety Analysis Report.

Most of seismic analysis data of structural systems arc

found in Gulf United Services' report.

Most of secismic analysis data of piping systems and equipment

are found in Nuclear Energy Services' reports.




3. GENLRAL INFORMATION

3.1 PRINCIPAL DESIGN FEATURES

(Reference 1 and 2)

The LACBWR is a nuclear power plant of nominal 50 Mw electrical output,
which utilizes a forced-circulation, direct-cycle boiling-water reactor as
its heat source. The plant is on the east bank of the Mississippi River in
Vernon County, Wisconsin, approximately one mile south of the village of
Genoa, Wisconsin, and approximutely 19 miles south of the city of La Crosse,
Wisconsin (PLATE 1, Reference 2).

The reactor and its auxiliary systems are within a steel containment
building. The turbine-generator and associated equipment, the control room
for both turbine and reactor controls, and plant shops and offices are in a
conventicnal building adjacent to the containment building. Waste-handling
facilities, including facilities for processing liquid wastes and for
packaging, decontaminating, and temporarily storing solid wastes, are in a
separate building (PLATE 9, Reference 2).

The turbine building contains a major part of the power plant equip-
ment. The turbine-generator is on the main floor. Other equipment is
located below the main floor. This equipment includes the feedwater
heaters, reactor feedwater pumps, air ejector, vacuum pump, full flow
demineralizers, off-gas compressor and cooler, condensate pumps, air compres-
sors, air dryer, oil purifier, service and component cooling water coolers
and pumps, make-up water demineralizer system, domestic water heater,
turbine o0il reservoir, oil tanks and pumps, turbine condenser, unit auxiliary
transformer, 2400 volt and 480 volt batteries, inverter set and other
electrical, pneumatic, mechanical and hydraulic systems and equipment
required for a complete power nlant. A 30/5-ton capacity, pendant-operated
overhead electric traveling crane spans the turbine building. The crane hug®

#

access to major cquipment items located below the floor through numecrons
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hatches in the main floor.

The turbine building also contains the main offices, the control room
- ’

(for both turbine-generator and reactor),locker room facilities, laboratory,
shops, counting room, personnel change and decontamination facilities,
heating, ventilating and air conditioning equipment, rest rooms, storeroom,
and space for other plant services. In general, these areas are separated
from power plant equipment spaces. The control room is on the main floor
on the side of the turbine building that is adjacent to the containment
building.

Miscellaneous structures which are associated with the power plant
and are located adjacent to the turbine building include the electrical
switchyard, crib hourse, cil pump house, warchouse, construction and
contractor office buildings, outdoor fuel oil and acid storage tanks,
underground septic tanks and condenser circulating water discharge scal well.
3.2 INDENTIFICATION OF AGENTS AND CONTRACTORS

(Refcrence 1)

LACBWR was designed and constructed by Allis-Chalmers Manufacturing
Company and is operating by Dairyland Powe= Cooperative of Wisconsin,

The Architect-Engineer was Sargent and Lundy Engineers and the
General Contractor was Maxon Construction Company,

3.3 LICENSING STATUS

The reactor was operated under Provisional Operating Authorization
No. DPRA-5, issued July 3, 1967, which autherized Allis-Chalmers to use and
operate the rcactor up to 165 Mw. In August, 1969, full power operation
was achieved. On November 1, 1969, the Atomic Energy Commission accepted
LACBWR from Allis-Chalmers and Operating Authorization No. DPRA-G was
issued to Diarylan Dower Cooperative. “@n-October O, 1974, an application
for conversion of Provisional Operating License No. DPR-45 for LACBER to

a full-term operating license was filed by the Dairyland Power Cooperative




to the U. §. AEC.
3.4 SITEC GEOLOCY AND SEISMOLOGY

(Reference 2)

LACBWR is situated within the Central Stable Region of the North
American continent. This region includes the densc igneous and metamorphic
rocks of the Canadian Shield and adjacent early Paleozoic sedimentary strata.
The geological structure of the Central Stable Region is relatively simple.
Very little structurcl activity other than uplift and subsidence has
occurred in this quiescent area since Proterozoic time.

The LACBWR facilities are situated on about 15 feet of hydraulic
fill overlying approximately 100-130 feet of glacial outwash and fluvial
deposits on the east flood plain of the Mississippi River Valley. The
surface configuration of the underlying bedrock is unknown because of the
relative paucity of bore hole data. The bedrock below the site consists
of nearly flat-lying sandstones and shales of the Dresbach Group (Uppef
Cambrian). Dense Precambrian crystalline rock underlying. these sedimentary
rocks is estimated to be at a depth of approximately 650 feet.

The Safe Shutdown Earthquake was considered as the occurrence of a
MM Intensity VI shock with its epicenter close to the site. The estimated
maximum horizontal ground acceleration induced by this event would be less
than 12 percent of gravity at the foundation level of the existing structures.

The liquefaction potential “f the granular soils underlying the
existing plant was analy:zed by comparing the anticipated shear stresses due
to the Safe Shutdown Earthquake with the shear stresses required to produce
liquefaction at various depths.

The factor of safety with rogard to liquefaction is defined as the
ratio of the cyclic shear stress required to produce liquefaction to the

average cyclic shear stress induced by the earthquake. The calculatiens



were based on ten significant stress cycles. The results of the analysis

indicate that the factor of safety with respect to liquefaction for the Sale
Shutdown Earthquake is in excess of 1.47.
3.5 SEISMIC CLASSIFICATION

No specific seismic classification was menticred in the available
documents. lowever, seismic analyses havc “cen performed in the 1974 asalysis
(Reference 2) for the following structures and components:

Reactor Containment Building (RCB)

RC3 Sybsystems - water storage tank

- CoTe support and primary reactor internals
- main steam piping system

LACBWR Stack

Genoa Stack

Waste Disposal Building

Turbine Buiiding

Diesel Generator Building

Diesel Generator Piping System

Spent Fucl Storage Racks

In the re-analysis of 1975 to 1977, main steam piping system (Reference 3),
feedwater piping system (Reference 8) and recivculation. piping system
(reference 5) were analy:zed for bot& the Safe Shutdown Earthquake (SSE) and
the Operating Basis Earthquake (OBI). The stresses due to seismic dead weight,
pressurc and thermal expansion loadings, were combined according to the
ASME code rules for Class 2 comporicnts. [igh pressure core spray suction line
piping system (Reference 6) and discharge lifte piping system (Reference 7)
were analvzed for SSE and OBE, and the strosies were cumoined according to

the ASMC code rules for Class 1 components.



- — —

The high dansity spent fuel storage racks (Reference 8) were designed

to meet the requirements for Scismic Category I structures. The Spent fucl
pool structure (Reference 9) and spent fuel storage pool drain line
(Reference 10) were analyzed according to ASME, Class 1 components code
design requirements.

3.6 BASIC SEISMIC DESIGN CRITERIA

(References 2, 3, 4, 5, 6, and 7)

In Section 2.4 of Part 1, Reference 2, it stated "In our selection
of the Safe Shutdown Earthquake, we make the very conservative hypothesis
that a shock similar in intensity to the 1934 earthquake at Rock Island,
Illinois - MM Intensity VI - could occur at the site. We estimate that the
maximum horizontal seismically-induced ground motion at the foundation level
of the site resulting from such an event would be less than 12 percent of
gravity. This value es the amplification of bedrock acceleration
through the natural overburden and hydraulic fill at the site”, The response
spectrum curves of the selected horizontal ground motion at the fsundation
level for SSE, with the peak acceleration normalized to 0.12g, is given in
PLATE 8, reproduced from Part 1 of Reference 2. The report did not speeify
the origin of the spectral curves, however, these smoothed response spectra,
apparently, agree with those recommended in U. S, AEC Regulatory Guide 1.60.
No vertical ground motion was dJiscussed or recommended in Dames § Moore
study (Part 1, Reference 2). In the re-analysis of main steam, fecedwater,
HPCS piping systems, the vertical risponse specirum was taken as 2/3 of the
horizontal ground r2sponse spectrum assuming 10 amplificstion of vertical

response in the structure

il.
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Damping factors are listed in the table below.

SSE 's SSE
Reactor Containment Building 7% and up® 3% and up*
Turbine Building 7%
STACKS 7% and up®
New Diesel Gumerator Building 7% 4%
Piping 2% 1%

*Proportional damping
3.7 GENERAL DESIGN CRITERIA
3.7.1 Containment and Other Build.ngs (Reference 2)

Since seismic load was not included in the original design criteria
at the time of plant construction, the seismic effect was not combined with
other load cases in the design consideration. At the subsequent scismic
re-analysis (Reference 2) only the seismic effect was ccisidered. However,
in computing the load capacity of pile foundation of the reactor contain-
ment building, the dead weight loading was included in the consideration
(P. 4-10, Part 1, Reference 2).

The allowable structural capacities for RCB, two stacks, the turbine

building and the waste disposal building, are summarized in the following

chart:
SSE iy SSE
Concrete:
Moment Mu 0.63 Mu
Shear Vu 0.60 Vu
Steel:
Moment My 0.66 My
Shecar 0.55V 0.40V



wherc Mu is the ultimate moment capacity for the fully plastic

section

My is the yield moment calculated at the bending moment required

to just product a yield stress at the extreme fibers of the cross-section

Vu is the ultimate section shear capacity of the effective shear

area of the reinforcement and the concrete

V is the yield capacity of the gross steel area

The structural capacities of subsystems and components were deter-

mined by the maximum elastic stress in each subsystem or components.

For the New Emergency Diesel Generator Building the proposed design

criteria and load combination were summarized in two tables (Reference 11)

which are reproduced in the following pages.

3.7.2 Piping Systems

(References 3, 4, 5, 6, and 7)

The requirements for acceptability of Class 1 piping systems

(Reference 6 and 7) are those given in AEC Regulatory Position 1 and

Subsections NB-3600 of Sectiorn III of the ASME Boiler and Pressure Vessel

Code. Calculated strerses resulting from the design and operating loading

conditions given in Subsection NB-3110 and NB-3620 must meet the stress

limits of equations 9 through 14 of Subsection NB-3630 of the ASME Code.

Class 1 piping stress criteria arc listed in the table below.

DESIGN CONDITIONS (Primary)

NORMAL CONDITIONS
(Primary an' Sccondary)
UPSCT CONDITIONS
EMCRGENCY CONDITICNS

FAULTED CONDITIONS

Po » DL « E < 1.5 Sm (as Eq. 0)

T ¢ Pr+ 30+ TA+E <3 Sm (as Iq.

Same as for Normal Conditions
Primary stress < 2.25 Sm (as [q. 9)

Po « DL + L' < 3 Sm (as Eq. 9)

10)
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where P Design pressure
P = OQOperating pressure
DL = pead weight and other sustained mcchanical loads

SA = Seismic anchor movements

TA

Thermal anchor movements
E = Operating basis earthquake (OBE or !y SSE) .
E = Safe Shutdown Earthquake (SSE)
T .= Thermal loads maximum credible accident
Sm = Allowable design stress intensity at maximum temperature
The requirements for acceptability of Class 2 piping systems
(Reference 3,4, and 5) are given in AEC regulatory position 8 and
Section NC-3611 of Section III of the ASME Doiler arnd Pressure Vessel Code.
Calculated stresses resulting from specified load combinations must meet the
stress limits of equations 8 through 11 of the ASME code.
Class 2 piping stress criteria are listed in tho table below.
NORMAL OPERATING CONDITIONS: Po + DL < Sy, (as Eq. 9)
stress range due to T and SA < SA
(as Cq. 10)
or Po + DL + s:ress range due
to T < SA + 5, (as Eq. 11)
UPSET CONDITIONS: In addition to the normal operating
conditions
Pmax « DL + E < 1.2 S, (as Eq. 9)
FAULTED CONDITIONS: Pmax « DL + E" « SA < 1.8, (as Ea. 9)
where P max = Peak pressure
S, ® Basic material allowable stress at maximum temperature

SA = Allowable expansion stress range



3.7.3 Fuel Storage Pool Structure
<:> (Reference 12)
The following design codes, rcgulatory guides and references have
been used in the structural analysis of the fuel storage pool structure.
1. ACI 318-7]1 - "Building Code Requirements for Reinforced
Concrete' American Concrete Institute.
2. Uniform Building Code, 1973 Edition.
3. USNRC Standard Review Plun, Scction 3.8.4.
4. '"USNRC Proposad‘Position for Review and Acceptance of Spent
Fuel Storage and llandling Application."”
5. Nuclear Energy Services, Inc. document NES 81A0544, Rev. 0.
"Quality Assurance Program Plan for the LaCrosse Boiling
Water Reactor Spent Fuel Storage Rack Design Program'”, March 197S.
6. George Winter, et al - "Design of Concrete Structures',
McGraw Hill Book Company, 19064.
The allowable stress/load limits constitute the structural
acceptance criteria used for ecach lcad combination are based on the ultimate
strength design methods described in ACI-318-71.
3.7.4 Fuel Storage Racks
(Reference 8)
The design/analysis of sbent fuel storage racks is based on the
following design codes and regulatory guides.
1. A.1.S8.C. Manual of Steel Comstruction, Scventh Cdition, 1970.
2. USNRC Regulatory Guide 1.61, "Damping Values for Seismic
Design of Nuclear Power Plants,' October, 1973.

USNRC Regulatory Guide 1,92, "Combination of Modes and Spatial

(72

1A=z

<:> Components in Scismic Responsc Analysis, Rev. 1, February, 1276,

18.



4. USNRC Standard Review Plan, Section 3.8.4.
5. USNRC P-oposed Position for Review and Acceptance of Spent
Fuel Storage and liandling Applications.
The allowable stress/load limits constitute the structural acceptance

criteria used for each load combination are based on the clastic working

stress design method of AISC.

19.



4. SEISMIC ANALYSIS OF MAJOR STRUCTURAL SYSTEMS

REACTOR CONTAINMENT BUILDING

Descrigtion

(Reference 17, Sec. 6)

The containment building (Figs. 6.1 to 6.5 of Ref. 17) is a right
circular cylinder with a hemispherical dome and semi-ellipsoidal bottom. It
has an overall internal height of 144 ft. and an inside diameter of 0O ft., and
it extends 26 ft. 6 in. below grade level. The shell thickness is 1.16 inc.,

except for the upper hemispherical dome, which is 0.60 in. thick.

The building contains most of the equipment associated with the nuclear
steam supply system, including the reactor vessel and biological shielding, the
fuel element storage well, the forced-circulation pumps, the shutdown condenser,
and process ecuipment of the reactor water purification system, decay heat cooling
system, shield cooling system, seal injection system, emergency core spray system,

boron injection system, and storage well cooling system.

The containment building is designed to withstand the instantaneous
release of all the energy of the primary system to the containment atmosphere
at an initial temperature of 80°F, neglecting the heat losses from the building

and hecat absorption by internal structures,

The interior of the shell is lined with a 9-ir. thick layer of

-

concrete, to an elevation of 727 ft. 10 in,, to limit dircct radiation doses

in the e ent of fission-product release within the containment building.

The containuent building is supperted on a foundation consisting of
concrete-steel piles and a pile capping of concrete approximately 3 fr. thick.

This support runs from the bhottom of the semi-cllipsoidal head at about

al.




: e

-

FPALAMAL A EY 79

Lo R R




PRE S T SRR

.
. _____m
N A

mm.,_

/

L") p
\ new ALty ey

=)

GEMERAL AREANGEMENT, GRADE FLOOR
nG. ¢ 2




Wit tem s Slaie s

'

FIG, 6.2



o

Ry Ve r

v ¥ OIS T INWIORIVERY Tvairiio

- ——

7 eos e _n\'
-~
- \

— — \

lI!l

i
d

\

(o) & 3 JET A \

R B .
BATNS P P R

- — -

"y - ‘ e ” Y

E b =W, can O ST
)
(O
— 1 =
| St
- - oy paseg - e - - ——— - ———
H
b =
’ -

|

e i - . >

. o e




MY Wi

A

-

‘\

A

-

L4

3
S
-
<
ol
-
~
-
L

— - —

I‘IH!

b |
-
—

'
et

-
-
.
‘ \
—
=
=
-
T |
H ]
:; .
k 5 Y L2
- ———— {
| ———— ‘
"’o.l-
Wit b & o e
T R S ! | —a ST e S
b1 | Y =
| - —— 4 = e a2
B S, ~ -
i | &< « — =
\ =
' |
{
!
4
.

@revees

— e —

e




el. 612 ft. 4 in. to an el. of 621 £ft. 6 in. The 232 piles that support the

containment structure are driven deep enough to support over 50 tons per pile.

The containment bottom head above el. 621 ft. 6 in. and the shell
¢ylinder from the bcttom head to approximately 9 in. above grade elevation
(639 ft. 9 in.) are enveloped by reinforced concrete laid over a 1/2 in. thick-
ness of premolded expansion joint filler. The reinforced concrete consists of
a lower ring, mating with the pile capping concrete. The ring is ~ 4-1/2 ft.
thick at its bottom and 2-1/2 ft. thick at a point 1-1/2 £t. below its top
(owing to inner surface concavity). The ring then tapers externally to a thick-
ness of 9 in. at the top (el. 627 ft. 6 in.), and the 9 in. thickness of concrete
extends up the wall cf the shell cylinder to el. 639 ft. 9 in. The filler and
concrete are not used, however, where cavities containing piping and process

equipment are immediately adjacent to the shell.

The shell includes two airlocks. The principal access to the shell
will be through the personnel airlock that connects the containment building to
the turbine building. The airlock is 21 ft. 6 in. long between its two doors,
which are 5 ft. 6 in. by 7 ft. and are large enoigh to permit passage of a spent
fuel element shipping cask. The containment building can also be evacuated,
if necessary, through the emergency airlock which is 7 £t. long and 5§ ft. in
diameter, with two circular doors of 32-1/2 in. diameter (with a 30-in. opening).
Both airlocks are at el. 642 ft. 9 in. and lead to platform structures from

which descent to grade level can be made.

An 8 ft. by 10 £t. freight door opening in the containment building

accommodates large pieces of equipment.



A 45,400 gal. storage tank in the dome of the containment building

supplies water for the emergency core spray system and the building spray system.
The piping comnection to the emergency core spray system is on the bottom of the
tank. The connection to the spray headers of the building spray system is a
standpipe within the tank; the top of the standpipe is sufficiently above the bottom
of the tank to leave 15,000 gal. of water for use in the emergency core spray
system. The storage tank also providcs water for use during refucling and during

loading of the fuel element shipping cask.

A 50-ton traveling bridge crane with a S5-ton auxiliary hoist is located
in the upper part of the containment building. The bridge completely
spans the building and travels on circular tracks supported by a ring of concrete

around the inside of the building just below the hemispherical upper head.

4.1.2 Loading Condition

(Reference 2, Part 2)
In the seismic evaluation of the LACBWR reactor containment building,

the seismic event was not coupled with other loading conditions.

The seismic data was specified in the form of response spectra for
the horizontal seismic inputs (see Section 5.6). This event is considered as the
free-field motion at the ground surface of the site. A time history record was
generated to envelop the two percent damped free-field response spectrum. The
fitting procedurc was conducted by employing mode suppression and raising
techniques, with the Taft 1952 record as the chosen initial accelerogram. After
several fitting trails, a final pulse was generated and the response svectra
compared with the design criteria. The acceleration time history of the pulse
is shown in Fig. 2.2 of Ref. I. A comparison of the fits of the spcctra of the

generated accelerogram with the criteria response spectra were made, the two
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percent dampcd spectrum casc is shown in the attached Figure 2.5 of Ref. 2. With
the frec-field time-history record, time-history records at different soil layer
and bedrock were generated, using a shear beam model to model the coil layer

system (see Fig. 2.14 of Ref. 2). This deconvolution process was performed basing

on compatible root-mean-square values of the soil shear strain. Interation proces:s

was carried out in the frequc/ cy domain. Fig. 2.15 of Ref. 2 shows the response
spectra at different soil layers for the two percent damping case. The motions so
generated have different time histories at each soil layers. However, it seems
from the report that the actual excitations used in the structural analysis of the
RCB and the two stacks were the same motion as the surfact motion only the mag-
nitudes had been scaled to match tl.e peak accelerations found in the deconvolution
study. This may be due to the limitation of the computer code, SIM, utilized in

this study.

4.1.3 Structural Capacities

In checking for the adequacy of the primary structural system to the
seismic inputs, the dynamic response of the system was computed and peak loads
determined in each structural element. For the bending elements, the peak loads
of interest are the peak moments and shears developed in the section while for the
compression elements (three floor levels between the biological shield and the
outer containment shell), peak compressive forces in the elements were computed.
These peak values were then compared with the allowable values to ascertain if

structural damage will occur.

The required capacities of the section were computed using the criteria

descrivbed in Szction 3.7.1.

For the pile foundation system, thc yield moment capacity was defined
as the moment which would develop the nominal pile bearing capacity (100 kips)

at the outermest pile of the cluster. The louds on the interior piles them vary

=,
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linearly with the distance from the center line of the pile cluster. The ultimate

moment capacity was defined as the moment which would develop the ultimate pull-
out capacity (estimated as 400 kips) in the outermost pile with the loads on the
other piles scaled linearly as before. This pullout capucity also agrees with

the approximate value of the ultimate bearing capacity of the pile.

The shear capacities indicated for all sections are the maximum allow-
able shears for the SSE seismic input condition. For the pile sections, the
peak allowable shear is the shear strength of the individual pile times the number

of piles.

For the concrete floor-sections, the peak capacities were determined
by cglculating the peak elastic shear stresses in the plate. This was then
compared to the ultimate stress allowed for reinforced concrete sections. For
the reactor skirt and biological shield supports, the capacities were determined

from the criteria specified above for concrete and steel bending sections.

4.1.4 Method of Analysis

The containment building and its pile foundation were modeled by 36
lumped masses and a number of beams and inter-connecting elements (sece Figure

4.1 of Ref. 2).

The soil structure interation effect was accounted for by including
springs and dashpots at the nodes of the embedded pile system. The coefficients
of the springs and dashpots were cstimuated from either half-space theory or a
embedded cylinder study. The effect of the soil enclosed in the pile cluster

was considered as added mass to the structure.
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The structural model includes:

1. the outer containment shell and its foundation

2. the biological shielding around the reactor

3. the reactor vessel

4 the upper water storage tank, and

5. the pile foundation system

The effects of the internals were included in this model only to the

extent 'of adding mass to the primory structural system.

In addition to the flexible shear beam elements, six other inter-
connecting elements are represented in the model, these being:

1. the three floors (lower, intermediate and upper) connecting
the biological shielding to the oute:r containment structure

2. The vertical support (4 concrete columns) of the biological
shielding below the first floor

3. the circular steel skirt supporting the reactor vessel, and

4. a fictitious spring representing sloshing effects of the water

mass in the upper storage tank

.\ -

The floor stiffnesses (Connecting Elements No. 1, No. 2,
and No. 3) werc computed by determining the elastic response of a flat circular
plate with a centered hole subjected to a lateral displacement of the hole. The
details of this computation are presented in Appendix E of Ref. 2. The stiff-
ness paramcters of the biological shield column support (Connecting Clement No. <)
were determined from standard beum theory, while the stiffness of the reactor
skirt support (Connecting Element No. 3) was derived from shear beam solutions.

The determinution of the sloshing parameters (Connacting Llement Nu. ) is

presented in Aypcndik F or Ref. 2.

——— - - - - - e —— o ——  —— B




The soil within the pile cluster was assumed to move with the pile
cluster so that the pile soil system is taken as a circular structure to
which the interaction loadings arec applied. At the basc of the pile, a basec
transiation spring and damper was included to account for relative disp.acement
between the pile tip and soil foundation below the pile tip., The moment spring
and dashpot at the pile tip, however, were climinated and it was assumed that

the piles transfer their load primarily through pile friction.

To eliminate possibilities of numerical instapilities in the dvmamic
response analyses, the effects of the sioshing water mass were eliminated and
the entire water mass was considered as a rigid mass (node 15 of Fig. 4.1 was

lumped into node 13).

Two separate dynamic analyses were performed for the RCB, one using
SSE criteria motion as input and the second one using 1/2 SSE criteria motion
as input (the SSE criteria motion scaled by 0.5). Both analyses included only
one horizontal component of time history excitation. The structural damping was
represented by mass and stiffress proportional damping, the first mode had 7%
damping for the SSE event and 3% for the 1/2 SSE event. The structural responses

were solved by mode superpesition and time integration technique.

For each problem, the integration was carricd out for the full 20
seconds of the input pulse and node point motion-time histories generated. From
the results, the associated node point response spectra were computed. These
e
?

spectra being computed for 2% equipment damping for the SSE, and 1% equipment
] !

damping for the 1/2 SSE input condition.

$.1.5 Results of Analvsis

>
—_

2}

The frequencics included in the Jdynamic analysis vary from 3.87 ¢ps




to 38.13 ¢ps with frequencics above this range neglected for the structural

computations. From the mode shape data it was noted that the first or lowest
mode is associated with the rocking of the reactor vessel about its base support
(reactor skirt support), while the second mode involves coupling of the reactor
vessel motion and the other components of the structural system. The third mode
involves primarily the outer containment shcll motion while the higher modes

indicate coupling between all the primary structural elements.

The dynamic stress results were checked with the ultimate strength
design criteria in the SSE case and the working stress design criteria in the

1/2 SSE case.

On the basis of the results gencruted, the following conclusion

was reachec.

All the primary structural components of the RCB are adequately
designed to withstand the specified SSE and 1/ SSE input conditions. These
components include the cuter containment shell, biological shielding, reactor

vessel and the pile support structure.

4.2 STACKS
(Reference 2)
Two stacks, the LACBWR stack and the Genoa III stack, were analy:zed

for secismic evaluation.

.31 Loading Condition

The stacks werc anulyzed using the same SSE as input with a peak ageel-
ration 0.12 g's, as described in Secc. 4.1.2 for the recactor contain-

ment building. A 7% structural damping valve was used tor the structure.
o . -
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4.2.2 Structural Capucities

In checking for the adcquacy of the structure to the SSE seismic
inputs, the dynamic response of the system ~as computed and peak moments and
shears developed in each bending element. These peak values were then compared
with the allowable capacities to ascertain if structural damage will occur. The
required capacities of the sections were computed using *he criteria described

in Section 3.7.1.

For the pile system, the yicld moment capacity was computed by assuming
that the outermost pile developed its nominal capacicy (100 kips), with the
remaining piles sustaining load: proportional to the distance of the pile from
the center-line. The ultimate moment capacity was computed by assuming that the

outermost pile sustained a load equal to its temsion pull-out capacity.

N Method of Analvsis

The structural model used to analyze the response of the LACBWR Stack
is shown in Fig. 5.1 of kef. 2. This model includes both the 350 foot stack and
the 80 foot pile foundation system. The lumped mass model of the system is also
shown in Fig. 5.1 and is composed of 25 lumped mass points connected by means of

flexible shear beam elemérnts.

.

For the pile soil foundaticn system, the soil within the pile cluster
was assumed to move with the pile system, but provide no additional stiffness.
Thus the soil within the pilc group was assumed to add mass to the pile nodes
only. For this stack, tic piic cluster was composed of 78 piles, 80 feet long,

each with a nominal pile capacity of 50 tons.

The svstem Jamning was taken as proportionual to the mass and stiffness
matrices of the strudturas mow:l which for tiwe highe» modes yields increasing

values of damping.
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The soil within the pile cluster was assumcd to move with the pile
cluster so that the pile soil system is taken as a circular structure to which

the interaction loadings arc applied.

4.2.4 Structural Response

The frequencies and modui damping are tabulated in Table 5.3 of Ref. 2.

The peak shear and moment ratios developed for the SSE seismic input
condition are tabulated in Table 5.5 of Ref. 2. As may be noted, the developed
shear forces in the stack are all sign.ficantly less than the ultimate shear
strengths. However, the peak moments developed throughout the stack are all
significantly larger than the ultimate moment capacities of the sections clearly
inditating that the stack cannot sustain the specified SSE criteria seismic
inputs. Results in the piling system indicate no particular difficulties. Peak
moments developed are less than the yield moment, or the moment which would just

develop the yield capacity of the outermost pile.

A seismic analysis of the Genca III Stack was also conducted for the

SSE seismic input condition, using the SIM Code soil/structure interaction analysis.

The analysis performed was similar to that conducted for the LACBWR Stack. The
structural model used for the dynamic analysis is shown in Fig. 6.1 of Ref. 2
with the lumped mass model for consisting of 29 mass points. As can be noted
from the free-field beam frequencics listed in Table 6.3, the taller Genoa III

Stack is a lower frequency system than the LACBWR Stack.

Using the same procedures as described for the LACBWR Stack, the moment
and shear capacitics for the Genoa II1 Stack were computel and are shown in
Table 6.4. The results for peak moment and shear ratios developed for the SSE
input condition arc tabuluted in Tuble 6.5 and, as for the LACBWR Stack,.indicate
that the stack cannot sustain the scismic event duc to the low moment capacitics

of the reinforced concrete scctions,
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Mode Frequency
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TABLE 5.5 - PEAK MOMENT AND SHEAR RATIOS,
LACBWR STACK, SSE SCISMIC INPUT
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TABLE €.3 - FREE-FREE DEAM MODAL DATA,
GENOA STACK

Mode Frequeney Mode Mass Modal Damiping
No. (eps) (k, {t, scc. units) for SSE Xn_x&(_:-_?
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2.26 20.495 7.00
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4.3 TURBINE BUILDING

(Reference 17, Sections 7 & 10, Reference 2)

$.3.1 Description

The Turbinec Building contains 2 major part of the power plant equip-
ment (Fig. 7.1, rig. 10.1 to 10.3 cf Ref. 17). The turbine-generator is on the
main floor. Other equipment is located below the main floor. This equipment
incluces the feedwater heaters, reactor feedwater pumps, air ejector, vacuum
pump, full flow deminerali:zers, off-gas compressor and cooler, condensate pumps,
air compressors, air dryer, oil purifie-, service and component cooling water
coolers and pumps, make-up water demineralizer system, domestic water heater,
turb;ne 0oil reservoir, oil tanks and pumps, turbine condenser, unit auxiliary
transformer, 2400-volt and 480-volt switchgear, motor control centers, diesel
engine-generator set, emergency storage batteries, inverter set and other
electrical, pneumatic, mechanical and hydraulic systems and equipment required
for a complete power plant. A 30/5-ton capacity, pendant-operated overhead
electric traveling crane spans the Turbine Building. The crane has access to
major equipment items located below the floor through numerous hatches in the

main floor.

The Turbine 3uilding also contains the main offices, the Control Room
(for both turbine-generator and reactor), locker room facilities, laboratory,
shops, counting room, personnel change, and decontamination facilities, heating,
ventilating and air conditioning equipment, rest rooms, storeroom, and space
for other plant services. In general, these areas are separated from power
plant equipment spaces. The Control Room is on the main floor on the side of

the Turhine Building that is adjacent to the Containment Building.
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A schematic plan of the Turbine Building is shown im Fig. 8.1 of
Ref. 2. The support structure consists of a reinforced concrete floor/framing
system supporting the turbine/generator unit together with a steel frame
structure supporting the surrounding floor area as well as the demineralized
water tank. The column lines for the framework are indicated in the Fig. §.1.
Both the turbine unit as well as the water tank are located at elevation 686 rft.

which from Fig. 8.2 is the top floor of the four story structure.

A schematic diagram of the turbine/generator support structure is
shown in Fig. 8.4 of Ref. 2. This structure is a reinforced concrete floor

and column framing system.

4.3.2 Loading Condition

Response spectra methods of analyses were utilized to estimate the
peak loads that had to be sustaincd, using the SSE critcria horizontal responsc
spectra as input to the base of the building. Peak loads carried hy both the

steel and concrete framework were analy:zed separately.

4.3.3 Method of Analvsis

To estimate the peak loads carried by the outer steel framework,
several different column lines were analyzed separately. In each case, the
column line was simplified into an equivalent single degrce of freedom system
with the primary stiffness determined by the lateral bracing system. Compututions
indicated that the lateral stiffness of the bracing system was significantly
larger than that of the main framec itsclf. The steel framing plan of Column
Line 1 (Fig. 8.1) is shown in Fig. 8.2. Besidcs the floor loads carried at
each level, this column linc supports the demineraiized water tank., The SDOI

modcl for this column linc is shown in Fig. 8.2, and indicates a fundamental

al.
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frequency of 2.9 cps. The masses indicated were obtained by considering the

weights of the roof together with that of the full water tank.

From the criteria spectra, the peak acceleration of the mass is found

to be 0.3 g's using the SSE criteria spectra for 7% structural damping.

A similar model for Column Line 10 at the other end of the building
is shown in Fig. 8.3. The two story framework is again simplified into a SDOT
system as shown, with a2 fundamental per‘od of 6.2 cps. Again the stiffness 1is
primarily determined from the properties cf the braring system, while the mass

is determined from the floor weights only.

The equivalent SDOF system of the turbine/generator suppor: structure
is also shown in Fig. 8.4, with the mass representing the turbinec/generator

weight only.

4.3.4 Results of Analvsis

The computation showed that the turbine support structure was adequate
for the SSE event but the steel frame structure needed 2dditional lateral

bracing system.
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SEISMIC ANALYSIS OF PIPING SYSTEMS AND TILIR SUPPORTS
$.1 MAIN STEAM LINE

(Reference 3)

§5.1.1 Description

The main steam piping system within the containment shell carries
steam from the reactor vessel to either the turbine building or the ‘shutdown
condenser. Steam is withdrawn from the rcactor vesscl through two S-inch
steam lines lcading to a single 10-inch line. The steam passes out of the
biological shield and through a rotoport steam isolation valve in the 10-inch
line before leaving the containment shell for the turbine building. Within the
biological shield, the 10-inch steam linc branches upward and out of the bio-
logical shield to the main steam safety valves. The line then continues upward
in the form of a 6-inch line to the shutdown condenser via a redundant system
of control valves.

An isometric drawing showing the main steam piping system as
analyzed, including the suspension system and recommended seismic snubbers, is
given in the attached Figure 3.1 of Reference 3.

In order to verify that the seismic stresses are acceptable, it is
necessary to show that the combined stresses in the piping system are within
ASME Boiler and Pressure Vessel Code allowable values. Tais requires that the
seismic stresses be combined with the stresses due to deadweight, pressure and
thermal loadings in accordance with the ASME Code Scction III rules.

The rules for a Class 1 (Section 111) analysis require that thcrmal
stress and fatigue due to thermal cycling be considered. A review of the avail-
able mainsteam piping system flexibility and stress analysece indicated that only
thermul expansion was considercd together with the pressure and deadweight

4

loads in the original design. Consequently, it is not possible to perform a

1

Cluss 1 analysis with the cxisting analytical data.
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The existing analytical data, however, is sufficient to perform u
(:> Class 2 (Section 111) analysis. Therefore, in the subject analysis, the adequacy
of the main steam piping s’stem to withstand an earthquake event is evaluated

by combining the stresses due to deadweight, pressurc, thermal and seismic

L

loadings in accordance with ASME Code requirements for the design of Calss
components.

$.1.2 Loading Critcria

The load cases which mus® be considered in performing a Class 2
stress analysis includc: dead loads and sustained mechanical loads, internal
pressure, thermal expansion loadiing, seismic inertia loads and seismic anchor
movement loading.

The dead weight of the piping system is calculated assuming the
system to be insulated and filled with water. The weight of valves, valve
operators, and branch piping are included in the analysis. Sustained loads

(:’ imposed on the piping system by constant load hangers are also considered in
the dead weight analysis. A value of 1300 psia for operating pressure and
1415 psia for peak pressure are used for most of the piping system. A peak
pressure of 1300 psia 1s used in the section between the containment vessel
and the rotoport isolation valve (Nodes 1 through 3).

The thermal expansion stresses are based on the thermal loading
resulting from the normal operating temperature of 577.50F.

Thermal anchor movements at the noz:zle connections to the pressure
vesscl arc culculiated based on the thermal cxpunsion of the pressure vessel at
the design temperature of 577.50F.

Two scismic loading events arc considercd: the safe shutdown
carthquake (SSC), and the operating basis carthquake (0BE). The cstablished

<:> design criteria Reg. Guide 1.48, May 1973) for Class 2 analysis
considers the OBE (or !; S5L) to be the normal and upset condition while the SSE

is considered the faulted condition.
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Seismic inertia loading is imposed on the piping systes in the form
of seismic acceleration spectra which were derived for the LACBWR plant
(Reference 2). The horizontal acceleration spectrum used for the main steam
line is that corresponding to the reactor vessel at an elevation or 664.5 feet.
The vertical respense spectrum for the SSE loading is taken as 2/3 oui the
norizontal SSE ground responsc spectrum assuming no amplification of vertical
response in the structure. For the operating basis earthquake the vertical
piping response spectrum is taken as ) of the SSE vertical response spectrum,
Damping values used are one percent for the OBE and two percent for the SSIL.

The horizontal -pectra in either the global X- direction or the
global IZ- direction are applied simultaneously with the vertical spectra in
the global Y- direction.

Seismically induced anchor movements for points 7, 14, 18, 40, 42,
and 48 were estimated by calculating low frequency displacements from the
containment vessel response spectra at the different anchor point elevations.
$.1.3 Stress Acceptance Criteria :

a. Normal Operating Conditions

Under normal operating conditions, the combined stresses due to
design pressure, weight, and other sustained loads must not exceed the basic
material allowable stress at maximum temperature, S} and the requirements
of Equation 8, ASME CODE. Additionally, either the stress range due to thermal
expansion and seismic anchor movements as calculated by Equation 10, ASME
CODE, must not excecd the allowable expansion stress range S, OT the combined
stresses due to design pressure, weight, other sustained loads and the stress
range due to thermal expansion must not excced the sum of Sy and £ as
required by iquation 11, ASMC CODE.

b. Upset Conditions

The requircments for operation under upsct conditions inciude

compliance with the requirements of Cquations 8, 10 and 11 as described above




« L]

as well as Equation §. Equation S requires that the combined stresses produced

::> by peak pressure, live and dead loads, and those produced by occasional loads -
in this analysis defined as the OBC carthquake - must not be greater than 1.2
times the allowable stress value Sy

¢. Faulted Conditions

During faulted conditions, the requirements of Equation 9 must be
met using a stress limit of 1.8 §;, For the purpose of satisfying this criteria,
the faulted conditions are specified as peak pressure loads, live and dead loads,
the SSE seismic inertia loadings and the seismic anchor movement loads associated
with the SSE.

5.1.4 Mcthods of Analysis

In order to perform static, dynamic and stress analyses, the
continuous piping system is mathematically modeled as an assembly of elastic
structural elements interconnected at discrete nodal points (Figure 3.1). Nodal
points are located at all points of interest in the piping system such as elbcws,
valves, anchorages, hangers, tee intersections, load points, all structural and
material discontinuities, etc. This three dimensional multidegree-of-freedom
model of thc piping system is atrached to the "ground" (structure) by means of
rigid hangers, support springs, hydraulic snubbers and anchors. Stiffness
characteristics of structural elements are related to the moment of inertia and
the axial and effective shear area of the pipe cross section. The stiffness
characteristics of the elbows and tee conncctions are modified to account for
local deformation by using the flexibility factors given in the ASME CODE.

For the seismic analysis the distribute:d mass of the piping system
is lumped at the system nodal points. Masses are lumped so that the lumped
mass, multi-degree-of-frecdom model represcnts the dynamic characteristics of
<:> the piping system. In order to rcduce the number of Jdynamic degrees-of-{rocdom,

only translationual Jegrees-of-frecdom are considercd at cach mass point (the

masses associated with the rotation.l degrees-of-frecdom are sct to zero).

00.
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Special items such as valves and actuators are modeled by lumping their

masses at an appropriate offset from the centerline of the piping system.

The response spectrum method was used to obtain the modal responses

of all modes having natural frequency under 30 cycles per second. The tetul

system response is then obtained by combining individual modal response

valves by the square root of the sum of the squares method.

The above mentioned static, dymamic and stress analyses are

carried out using the PIPESD computer code.

$.1.5

Results

1. The existing support syvstem of the LACBWR main steam piping
system is not adequate to withstand the specified seismic
events. .

2. The results of the subject analysis, which includes the effects
of four additional seismic restraints, indicate that the
deflections of the main steam piping system, due to dead
weight, thermal expansion and seismic loading are nominal.

In addition, the stresses resulting from these loadings,

as calculated and combined in accordance with the rules given
in Subarticle NC-3652 of Section III of the ASME Code satisfy
the design requirements of Class 2 piping systems.

5. It was recommended that the main stecam piping system be
provided with four seismic restraints at the locations
indicated in Figurec 3.1.

FEED WATER PIPING SYSTEM

(Reference 4)



Descrigtion

The feedwater piping system returns condcnsate from the turbinc

building and feeds it directly to the force circulatior suction header wherc

the condensate is mixed with the recirculatirg coolant. Feedwater enters

the contzinment building through an 8" line, passes through an 8' check valve

and an 8" gate valve and flows into a manifold section. Two 6" lines connected

to this manitoid enter the biological shield and feed the water directly

to the 16" forced-circulation suction header through four 4" nozzles. The

condensate return line from the shutdown condenser is included in the analysis

in order to account for its effects on the feedwater line. Condensate water

from the shutdown condenser flows by gravity from a 6" to a 4" line and then
through a parallel system of 4" control, check, and gate valves before entering
the 8" feedwater line through a branch connection.
An isometric drawing showing the feedwater piping system as analyzied,
including the suspension system and recommended seismic snubbers, is given
in the attached Figure 3.1 of reference 4.

The rules for a Class I (Section III) analysis require that thermal

stress and fatigue due to thermal cycling be considered. A review of the
available fecdwater piping system flexibility and stress analyses indicated
that only thermal expansion was considered together with the pressure and
deadwcight loads in the original design. Conscquently, it is not pessible
to perform a Class 1 analysis with the existing analytical data.
The existing analytical data, however, is sufficient to perform
a Class 2 (Scctipn 111) analysis. Thercfore, in the subject analysis, the
addquacy of the feedwater piping system to withstand an carthquike cvent is
c:’ evaluated by combining the stresses Jdue to deadweigint, pressure, thermal
and seismic loadings in accordance with ASME Code requirements for the design

of Class 2 componcnts.
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Loading Criteria

The load cases which must be considered in performing a Class 2
stress analysis include: dead loads and sustained mechanical loads, internal
pressure, thermal expansion loading, seismic inertia loads and seismic anchor
movement loading.

The deadweight of the pipirg system is calculated assuming the
system to be insulated and filled with water. The wecight of valves, valve
operators, and branch piping are included in the analysis. Sustained loads
imposed on the piping system by constant load hangers are also considered
in the deadweight analysis.

A value of 1300 psia for operating pressure and 1415 psia for
peak pressure are used for the condensate return and main feedwater system.

An operating pressure of 1350 psia and a peak pressure of 1615 psia are used
for the feedvater piping between the .:ntainment vesse! and the 8" gate valve.

The thermal expansion stresses are based on the thermal loading
for the normal operating condition. A normal operating témperature of 547°F
is usvd for the condensate return and main f;edwater piping, while a temperature
of 2957F is used for the fesdwater piping between the containment vessel and
the 8" jate valve.

Thermal anchor movements at the noiile comnections to the recir-
culation suction line manifold are taken from the NES recirculation line thermal
analysis (Ref. 5). Thermal anchor movement at the shutdown condenser connection
is taken from Ref. 3.

Two seismic loading events are considered: the safe shutdown
earthquake (SSE), and thc operating basis carthquake (OBE). The established
Guide 1.48, May 1973) for Class 2 analysis considers

design criteria, (Reg.

-

the OBEC (or 1/2 SSE) to be the normal and upset condition while the SSE



is considercd the faulted condition.

Seismic inertia loading is imposed on the piping system in the
form of seismic acceleration spectra which were derived fro the LACBWR plant
(Ref, 2). The horiziontal acceleration spectrum used for the feedwater line
is that corresponding to the reactor vessel at an elevation of 664.5 ft.

The vertical response spectrum for the SSE loading is taken as 2/3 of the
horizontal SSE ground response spectrum assuming no amplification of vertical
response in the structure. For the operating basis earthquake the vertical
piping response spectrum is taken as 1/2 of the SSE vertical response spectrum.
Damping values used are 1% for the OBE and 2% for the SSE.

: The horizontal spectra in either the global X- direction or the
global Z- direction are applied simultaneously with the vertical spectra in
the global Y- direction.

Seismically induced anchor movements for points 10, 11, 38, 45
and 104 were estimated by calculating low frequency displacements from the
containment vessel response spectra at the different anchor point elevations.
5.8.3 Stress Acceptance Criteria

The same criteria (see Section 5.1.3) as those of the main steam
line were also applied to the feedwater line.

5.2.4 Methods of Analysis

The same methods of analysis (see Section 5.1.4) as those of the
main steam line were also applied to the feedwater line.
5.2.5 Results

1. The existing support system of the LACBWR feedwater and

condensate return piping system is not adequate to with-
‘:) stand the specified seismic cvents.
2. The results of the subject analysis, which includes effccts

of 11 additional scismic restraints, indicate that the
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deflections of the feedwater and condensate return piping

system, due to dead weight, thermal cxpansion and seism.c

loading are nominal. In addition, the stresses resulting
from these loadings, as calculated and combined in acgordance
with the rules given in Subarticle NC-3€532 of Section III of

the ASME Code satisfy the design requirements for Class 2

piping systems.

3. It was recommended that the feedwatcr and condensate return
piping system be provided with eleven seismic restraints at

the locations indicated in Figure 3.1.
$.3 RECIRCULATION PIPING SYSTEM

(Reference 5)

§.3.1 Description

The recirculation piping system provides forced-circulation
for the reactor core. The system includes the 16-inch diameter forced-circulation
suction manifold, four 16-inch diameter nozzles, two 20-inch suction lines,
two variable speed pumps, the 20-inch diameter pump discharge lines and the
16-inch diameter forced-circulation discharge manifold and the four equally-
speced 16-inch reactor inlet nozzles.

An isometric drawing showing the recir;ulation piping systen
as analyzed, including the suspension-system and recommended scismic snubbers,
is given in the attached Figure 3.1 of Reference 5.

For the same reason of insufficient data as the case of
main steam and feedwater piping systems, Class 2, not Class 1, analysis was

performed for the recirculation piping system.
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% Loading Criteria

The load cases which must be considered in performing a Class
2 stress analysis include: dead loads and sustained mechanical loads, internal
pressure, thermal expan .on loading, seismic inertia loads and seismic anchor
movcment loading.

The dead weight of the piping system is calcﬁlated considering
the piping system to be insulated and filled with water. The weight of valves,
valve oprators, pumps, pump motors, and branch piping as well as the effects
of constant weight hangers, etc. are included in the analysis. The seismic
inertia loadings on the piping system are imposed in the form of seismic
response spectra.

The response spectrum values for the safe shutdown earthquake
(SSC, Figurc 5.34 of Reference 2) are only 20% greuter than the response spectrum
for the operating basis earthquake (OBE Figure G.36 of Reference 2). However,
the allowable stress values for the SSE are 50% greater than the allowable
stress values for the OBE. Therefore, only OBE inertia loadings were considered
in the subject analysis.

The horizontal spectra in either the global X-direction or the
global Z-direction are applied simultaneously with the vertical spectra in
the global Y-direction.

Thermal loading for normal operation is produced by the overail
thermal expansion of the piping system and the thermal movement of the piping/
reactor vesscl anchers. The overall thermal expansion of the piping system
is that which results from the plant heating up from ambient temperature
of 70°F to the normal plant opcrating temperature of 577°F. The thermal

o

movement of the piping/reactor vesscl anchors are taken from Rufercnce 15.
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The seismic anchor movement are estimated using data gives
in Reference 2. 0.5 inch displacement in the X and I-direction of the recirculation
pumps support points relative to the piping/reactor vessel anchor points are
considered.

The normal operating internal pressure load imposed on the
piping system is 1300 psi and the peak plant pressure taken as the recirculation

piping design pressuve is 1450 psi.

5.3.3 Stress Acceptance Criteria

The stress accpetance criteria used in this analysis are the
ASME Section III, Class I component stress design rules which define the stress
limits for the vaarious load combinations under normal operating, upset and
faulted conditions as interpreted by the AEC in Regulatory Guide 1.48,

a. Normal Operating Conditions

The combined stresses for the dcad weight, sustained
mechanical loads and the normal oeprating pressure loads should be less than
S K as calculated by equation 8 of Section III, ASME Code.

The combined stresses for the normal thermal loads and seismic
movement should be less than Sa as calcualted by equation 10 of Subsection
NC-3650 of ASME Code or the combined stresses for the dead weight, sustained
mechanical loads, thermal loads and seismic movement should be less than S‘1
and Sy, as calculated by cquation 11.

b. Upset Conditions

The combined stresses due to dcad weight, sustained mechanical
loads, QOC scismic loadings and peak pressurc loads should be less than 1.2 §

as calcualted by cquation 9.



¢. Faulted Conditions
Combined stresses due to the safe shutdown earthquake

(SSE), peak pressure, dead weight and other sustained mechanical loads as
‘calculated by equation 9 of subsection NC-3650 of tlhie ASME Code should be less
than 1.8 Sh. This requirement will be met if the requirements of upset
conditions are met since the SSE magnitude is only 0% greater than the OBLC
while the allowable faulted stress is 50% greater than the allowable upset
stress.
5.3.4 Method of Analysis

The same methods of analysis as discussed in Section 5.1.4
were also applied.
$.3.5 Results

By providing adequate seismic restraints (hydraulic snubbers)
at the locations shown in Figure 3.1 the deflections and stresses in the piping duc
to a seismic event can be reduced to acceptable values.

The results of the recirculation piping system stress analysis
indicate that deflections of the recirculations piping system due to dead
weight, thermal expansion and seismic loadings are nominal. The stresses in
the piping system due to dead weight, pressure, therﬁal expansion and seismic
loads as calculated and combined in accordance with the rules given in Subarticle
NC 3652 of Section III of the ASME Code, satisfy the design requirements
for Class 2 piping when the effects of seismic restraints are included in

the analysis.



5.4 HIGH PRCSSURC CORE SPRAY (1IPCS) SYSTEM SUCTION LINE

(Reference 6)

5.4.1 Description

The High Pressure Core Spray (HPCS) System of the LACBWR power
plant is designed to provide an emergency coolant spray to the reactor core
in the event that reactor water level drops accidentally. This is done by
either direct gravity feed of water from an overheid storage tank to the core
spray header under low reactor pressure conditions, or v means of high pressure
water injection under high reactor pressure conditions.

In order to simplify the piping system analysis, the long and
coﬁplex HPCS piping system was divided into two sections: the firs: consisting
generally of the suction piping which runs from the overhead storage tank
to the high pressure core spray pumps and the second consiting of the discharge
piping which runs from the high pressure core spray pumps to the core spray
header inlet. The HPCS discharge piping analysis is presented in a separate
report. The subject of this section is the HPCS suction line (Reference 7).

To further simplify the analysis the suction line was divided
into two subsections: Line 1 as shown in Figure 3.1-1 of Reference 6 and Line
2 as shown in Figure 3.1-2 of Refercnce 6. Line 1 consists of the 4" Schedule
405 stainless steel pipe line leading from the 42,000 gallon overhead water
storage tank to a 4" x 4" reducer at node point 19. A section of the 4" fuel
storage well flooding line connecting at node point 18 is included in the analysis
of Line 1. Line 2 begins at node 19, Figure 3.1-2 and consists mostly of 3"
schedule 405 stainless steel piping up to the two ECCS high pressure pumps.
Rigid anchors located at points of expected large scismic deflections, serve
to isolute the suction lines for analvtical purposcs.

The HICS system is the principal emergendy core cooling syvstom,

Class 1 component analysis was performed for this systen,
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1 and 2 arc those corresponding respectively to the subsystem support points
on the reactor containment shell at elevations of 745 feet (Water Sotrage
Tank) and 700 feet (upper floor). The vertical response spectrum for the SSC
loading is taken as 2/3 of teh horizontal SSE ground.response spectrum assuming
no amplification of vertical response in the structure. For the Operating
Basis Earthquake the vertical piping response spectrum is taken as 1/2 of the
SSE vertical response spectrum. Damping values used are 1 perceat for the
OBE and 2 percent for the SSE.

The horizontal spectra in either the global X-direction or the
global Z-direction are applied simultaneously with the vertical spectra in
the global Y-direction.

Seismically induced anchor movements for the OBE were estimatcd
by calculating low frequency displacements from the containment vessel response
spectra at the different anchor point elevations.

5.4.3 Stress Acceptance Criteria

The requirements for acceptability of a Class 1 piping system
are given in AEC Regulatory Position 1 and Subsections NB 3600 of Section III
of the ASME Boiler and Pressure Vessel Code, Reference 2. Calculated stresses
resulting from the design and operating loading conditions given in Subsection
NB-3110 and NB-3620 must meet the stress limits of equations 9 through 14
of Subsection NB-3650 of the ASME Code.

a. Desigg Conditions

The primary stress intensity, resulting from the combined
effects of the design pressure und the resultant moment loading duc to loads
caused by dcad weight and the Operating Basis Earthquake and calculated in
accordunce with equation ¢ of Subscction NB-3532 of the Code must he less than

1.5 times the uilowable design stress intensity, Sm' at maximum temperature,




b. Normal Conditions

The primary plus secondary stress intensity range resulting
from the combined effects of thermal expansion, linear thermal gradient and
discontinuity, operatin § pressure, anchor movements and earthquake effects,
calculated in accordance with equation 10 of the Code must be less than 3 times
S'. In the event that the above requirement is not met the piping product
may still be acceptable provided the requirements of a simplified Ela:tic-
plastic discontinuity analvsis are met. This requirement is met if 1) the
nominal expansion stress resulting from thermal expansion and thermal anchor
movements, calculated in accordance with equation 12 of the Code is less than
3 8. and 2) if the range of primary plus secondary membrane plus bending
stress iatemsity, resulting from the combined loading of operating pressure,
dead weight, one-half the range of the eartiquake and thermal discontinuity
stresses, calcualted according to equation 13 of the code is less than 3 Sm'

The requirements for acceptability under ¢yclic loading conditions
are met by first calculating the peak stress intensity by means of equation 11
of the Code, resulting from the loadings specified for equation 10 plus the
loadings resulting from the non-linear portion of the thermal gradient through
the wall thickness (considered negligible in this analys}s) and then calculating
the alternating stress intensity in accordance with equation 14 of the Code.
The total number of operating stress cycles must then be less than those deter-
mined from the fatigue curves fro Appendix 1-9 of thc Code for the calculated

alternating stress intensity in accordance with the requirements of paragrapins

NB 5655.4 and NB 3653.5 of the Code.

o — - ————




¢. Upset Conditions

The requircments for acceptability under upsct conditions |
(not specified in this analysis) are the same as for Normal Conditions.

d. Emergency Conditions

The requirement for accecp.ability under emergency conditions
(not specificd in this analysis) is that the primary stress intensity, as
calculated by equation 9 of the Code, must be lwss than 2.25 S_.

e. Faulced Conditions

Under faulted conditions the primary stress intensity resulting
from the combined effects of design pressure, dead weight, and the vibratory
motion of the full safe Shutdown Earthquake as calculated by equation 9 of
the Code must be less than 3 Sm'

5.4.4 Method of Anulysis

For the static and dynamic analysis, the High Pressure Core Spray
suction line has been mathematically modeled as a finite element model. The
static response of the HPCS Suction Line to the dead weight, thermal expansion
and anchor movement loadings have been calculated using direct stiffness dis-
placement methods of structural analysis. The seismic response of the HPCS
Suction Line to the operating basis earthquake (OBE) and safe shutdown earth-
quakequake (SSE) have been determined using response spectrum, model super-
position methods. The modal responses were combined by the square-foot of the
sum of the squares method. Stresses due to various loadings have been calculated

and combined in accordance with the ASME Code Section III, Subsection NB

rules.




In order to perform static, dynamic and stress analyscs, the
continuous piping system 1s mathematic-ily modeled as an assembly of elastic
structural clcments interconnected at discrete nodal points (Figure 3.1).

Nodal points are located at all points of interest in the piping system such

as elbows, valves, anchorages, hangers, tee intersections, load points, all
structural and matcrial discontinuities, etc. This three dimensional multi-
degree-of-freedom model of the piping system is attached to the "ground"
(structure) by means of rigid hangers, support springs, hydraulic snubbers

and anchors. Stiffness characteristics of structur.l clements are related

to the moment of inertia and the axial and effective shear area of the pipe
cross section. The stiffness characteristics of the clbows and tee conncctions
are modified to account for local deformaticn by using the flexibility factors
given in the ASME Code.

For the seismic analysis the distributed mass of the piping system
is lumped at the system nodal points. Masses are lumped so that the lumped
mass, multidegree-of-freedom model represents the dynamic characteristics of
the piping system. In order to reduce the number of dynamic degrees-of-freedom,
only translational degrees-of-freedom are considered at each mass point (the
masses associated with the rotational degrees-of-frecdom are set to :zero).
5.4.5 Results .

By providing rigid seismic restraints at the locations shown in
Figure 3.1 the deflections and stresses is the HPCS suction piping due to a
seismic event can be reduced to acceptable values.

The results of the subject analysis, which includes effects of

five additional rigid restraints indicatc that the Jdeflections of the HPCS

(5 d

expansion ind scismic loading

-

(:) suction piping systom, duc to deadweight, therma
arc nominal. In addition, the stresses resulting from these loadings as

calculated and combined in uccordance with the rules given in Subarticle

——— e - = . — - - —_— -




(:) NB-3650 of Section IIIl of the ASME Code, satisfy the design requirements for
Class 1 piping systems. |
5.5 HPCS SYSTCM DISCHARGE LINE

(Reference 7)

\
|
l
5.5.1 Description
fhe HPCS piping system includes two sections. The first section,
suction piping, has been discussed in the last section. The second consists
of the discharge piping which runs from the high pressure core spray pumps
to the core spray header inlet.
The HPCS discharge line consists of stainless steel pipe line
leading from the two high pressure core spray pumps to the core spray header
inside the reactor vessel. The pumps are used for core spray when the reactor
remains pressurized, as in the case of a small leak below the ocre. When
(:’ the reactor and containment building pressures are equalized, as after a m:jor
system leak or rupture, a low pressure supply line bypassing the emergency
core spray pumps allows water to flow directly from the overhead storage tank
(or service water line) to the core spray header. The high pressure core
spray pumps are also used in the boron injection syvstem. Redundant control
valves are provided for this purpose in the core spray pumps suction and dis-
charge lines.
Rigid anchors located at points of expected large seismic deflections
serve the purpose of isolating the discharge lines from the interconnecting
piping systews. Figure 3.1 of Refercnce 7 shows the routing of the discharge
line and the extent of suction line and sodium pentaborate lines considered

in the subject analvsis.
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<:> Anticipating the possibility of a seismically inducecd loss of
coolant accident, it was concluded that analyses of the major Class 1 piping
systems should be performed to evaluate their structural integrity.

$.5.2 Loading Criteria

The loading conditions which must be taken into account in pcrforming
a Class 1 analysis of a piﬁing system arc specified in Subsection NB-3110
of Section III, ASME Code. These inlcude dead weight, internal pressure,
thermal effects; and earthquake loads.

Piping design pressures are taken from the LACBWR piping specification
(Reference 14) and are 100 psig for the piping between node points 20 and
50 and 1400 psig elsewhere in the system.

Operating pressures for the IIPCS system are based on the LACBWR
Safeguards Report (Reference 5). The:e are 100 psig up to node point S0,

1340 psig from node 50 to the rcactor vessel nozzle and 1400 psig for the
remainder of the system.

The dead weight of the piping system is calculated considering
the piping to be insulated and filled with water. COther sustained loads
included in the analysis are valve weights, valve operator weights, and the
tributary weights from branch piping.

Seismically induced anchor movements for the OBE earthquake were
estimated by calculating low frequency displacements from the containment vessel
response spectra (from Refercnce 2) at different elcvations.

Thermal expansion or contraction of the reactor vessel during
start-up and shutdown reuslts in maximum displacements of the piping syste
anchor at the reactor vessel noszle (node point 240),

(:) Two scismic loading events arve considered: the safe shutdown

earthquake (SSE), and the operating basis earthquure (0BI).

o
“r




Seismic inertia loading is imposed on the piping system in the
form of scismic acceleration spectra which were derived for the LACBWR plant
(Reference 2). The horizontal acceleration spectra used for the HPCS discharge
line is that corresponding to the subsystem support points on the reactor
containment shell at an elevation of (95 fcet. The vertical rcsponse spectrum
for the SSE loading is taken as 2/3 of the hori:bntnl SSE ground response spectrum
assuming no amplification of vertical response in the structure. For the Operating
Basis Earthquake the vertical piping response spectrum is taken as 1/2 of the
SSC vertical response spectrum. Damping values used are 1 percent for the
OBE and 2 percent for the SSE.

The horizontal spectra in either the global X-direction or the
global Z-direction are applied simultaneously with the vertical spectra in
the global Y-direction.

The sudden introduction of cold water from the HPCS system piping
into the hot pressure vessel nozzle, due to a LOCA or other low water level
condition results in a transient thermal condition in the NOIILE region.

This temperature transient generates stresses in the pipe due to the large
temperature gradients across the pipe wall and due to any material discontinuities
present. These thermal loads which are applied at node points 230 and 240

have been calculated Dy means of a transient thermal ;nalysis with the Lion
Computer Code (Appendix B and E of Reference 7). These loads are considerecd

in conjunction with the upset plant condition.

During normal start-up and shutdown a temperature change of 344%
is assumed in the pipi * in th2 region of the reactor vessel HPCS discharge

nozzle.




$:.5.3 Stress Acceptance Criteria

The same stress acceptance criteria as thosc discussed in Section
5.4.5 were also applied to the HPCS discharge line.

.54 Method of Analysis

Similar thrce dimensional model as described in Scction 5.4.4
was used for the HPCS discharge line.
For determining the przk stresses resulting from the thermal
transient produced by HPCS initiation, and ANSYS finite element model (see
the attached Figure 6.1 of Reference 7) of the socket weld coupling/reactor
nozzle region was used.
5:5.5 Results
The results of the analysis indicate that the deflection of the
HPCS discharge piping system due to dead weight, thermal loads and the specified
seismic events are acceptable and that the stresses resulting from these
loads, as calculated and combined in accordance with the rules given in
Subarticle NB-3650 of Section IIl of the ASME Code, satisfy the design require-
ments for Class 1 piping systems provided that:
1. rigid anchors are provided as indicated by node points 20
and 970 of Figure 3.1,
2. the rotation of the eccentric accutator of the control
valve CSV 204 (node point 50, Figure 3.1) is restrained by
means of appropriate bars or struts,
3. the restraints are designed using the sufport reaction
forces given in Table B-11 of Appendix B, and

4. the total number of HPCS initiations is limited to 2900 cycles.
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NOTE: The HPCS system has opcrated (or cycled) a total of 22u
times during all phases of plant testing and operation.
However, only 25 operations or cycles have occurred with
the LACCWR plant at or near operating temperature during
its 7 year operating history. Considering a 40 year plant
life, the total number of HPCS system operations with
the plant at temperature is expectsd to be less than 150
cycles. Clearly this number is well below the maximum
allowable number of cycles at operating temperature
(2900 cycles).
5.6 SPENT FUEL STORAGE POOL DRAIN LINE
(Reference 10)
5.6.1 Description

The fuel storage pool drain line serves as the discharge line
for the storage pool filter, pumps and cooler recirculation lcop. The line
also provides a method cof driining the pool should that requirement ever exist.

A check valve installed approximately 12 feet downstream of the
storage pool drain connection simplifies the analysis by isolating the storage
pool and drain line from any possible adverse effects downstream of this
valve.

The drain line between the pool drain connection and the concrete
wall penetration including the isolation check valve was analyied as a Seismic
Category 1 system.

The subject piping, shown in the attached Figure 3-1 of Reference
10, consist of a four-inch schedule 40, stainless steecl line, from the spent
fuel storage pool to a concrete wall (Mass Point 17) just downstream of the
isolation check valve. Rigid anchers at the concrete penetrations sorve to

isolate the line from the remainder of the piping system for analytical purnoses.
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There are no intermcdiate hangers or restraints.

5.6.2 Loading Criteria

The loading conditions taken into account in the Class 1 analyvsis
include dead weight, internal pressure, thermal effects and earthquake leoads.

The dead weight of the piping system is calculated assuming the
system to be non-insualted and filled with water. The weight of the valve,
estimated from vendor data to be 150 lbs., is included in the analysis.

The drain line is basically a cold line containing room temperature
water from the fuel storage pool cooling system. Thermal expansion stresses
are calculated assuming the design temperature of 120°F to be the normal
operating condition. Thermal discontinuity and thermal gradient secondary
bending stresses are negligible at this temperature and are, therefore,
not considered in the analysis.

The normal operating pressure for the drain system is the static
head resulting from the fuel storage well pool drain. A constant internal
operating pressurc of 31 psi is assumed. A pressure of 100 psig is used as
the design condition.

Seismic inertia loading is imposed on the piping system in the
form of seismic acceleration spectra which were derived for the LACDHR plant
(Reference 2). The horizontal acceleration spectra used for the analysis are
those corresponding to an elevation 667' (upper floor). The vertical response
spectrum for the SSE loading is taken as 2/3 of the horizontal SSE ground
response spectrum assuming no amplification of vertical résponse in the
structurc. For the Operating Basis Earthquake the vertical piping response
spectrum is taken as 1/2 of the SSE vertical response spectrum. Damping values

used are 1 percent for the OBE and 2 percent tor the SSE.

- o



The horizontal spectra in either the global X-direction or thc
global Z-direction are applied simultancously with the vertical spectra in
the global Y-direction.

Seismically induced anchor movements for th- OBE were estimated
Ly calculating low frequency displacements from the containment vessel response
spectra at the different anchor point elevations.

$.6.3 Stress Acceptance Criteria

The same stress acceptance criteria as those discussed in Section
5.4.3 were also applied to the spent fuel storage pool drain line,

5.6.4 Mcthod Of Anulysis

Similar three dimensional model as described in Section 5.4.4
was used for the pool drain line.
5.6.5 Results

The results of this analysis indicate that the deflections of
the spent fuel storage pool drair line due to deadweight, thermal expansion
and seismic loadings are nominal. Further, the resulting maximum stresses
as calculated and compbined in accordance with the rules given in Subarticle
NB-3650 of Section III of the ASME Code, satisfy the design requirements for
Class 1 piping systems. In addition, it can be concluded that the maximum

cycling Code stress requirements are met for the specified loading conditions,
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<:> but the stiffness of the fuel elements were neglected. The stiffnesses of the
lower thrce e=lements located with the suppor: skirt were computed from the
properties of a thin-walled circular cross-section. The inside diameter of
this member is 69.75 inches with a wall thickness of 1 inch. In computing

the bending preperties of the upper lateral support structure, the stiffness
properties of the bolts and sleeves were included.

From this analysis, structural frequencics of the core support
structure were determined. Since this support system has frequencies well
above 33 cps, an equivalent static analysis was performec to determine peak
stress levels developed in the support structure.

From the computed lateral response spectra for the support points
the peak accelerations at the high frequency end of the spectra is relatively
constant and equal to 0.25 g's for the SSE input condition. A static lateral
load of 0.25 times the weight per foot of beam was uscd.

6.1.3 Results
From this equivalent static analysis, thc peak support point reac-

tions were found to be:

Reaction at top support brackets 1.2 kips
Reaction at plenum separator plate 7.6 kips
Moment at plenum separator plate 49.5 kip-feet

From these values, stress levels in the various components of
the support system (skirt, upper support structures, brackets, various connecting
bolts, ctc.) were computed and in all cases were found to be negligibly small.
Thus, it was concluded that the strength of the co:z support structure is

adequate for the SSE input condition. The peak lateral displacement of the

; A8 .
0 system was computed ro be 9,7x10 ~ ft.
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CONTROL ROD DRIVE MCCHANISM

(Reference 2)

An analysis was performed to estiamte the peak force that may

be required to drive the control rods during the seismic event. The details
of the analysis are alsc presented in Appendix H. The approach used was to
allow the core structureto take its peak deflected shape as determined from
the equivalent static analysis described above. This deflected pattern was
then impcsed upon the control rods and the lateral loads required to genernte
this deflected shape for the control eods computed. Assuming a friction
coefficient of unity, a peak drive force was determined to be less than 10
pounds. From this analysis, it is concluded that the control rod drive force
required during the seismic event is negligibly small.

6.3 SLOSHING EFFECTS OF WATER STORAGE TANK

(Reference 2)

As mentioned in Section 4, the sloshing water mass was eliminated
from the primary structural analysis to ensure that numerical difficulties
would not occur. The sloshing fluid mass is corsidercd as a separate subsystem
and the effects on the structure analyzed by response spectra methods. These
calculations are presented in Appendix F of Referenmce 2 and indicated that
the average stresses developed in the support shell are extremely low. Neglecting
shell bending effects, peak vertical stresses are computed conservatively
to be about 300 psi while peak average shear stresses are computed to be about
80 psi. With these nominal stress values, it is concluded that any higher
order analysis is unnecessary and tiut the effects of water sloshing are

negligible.
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6.4 THE EXISTING AND THE PROPOSED NEW (1975) SPENT FUEL STORAGE RACKS

(Reference 16)
6.4.1 Description

A plan of the spent fuel! and control rod storage racks including
the new NLX racks is shown in Figure 1 of Reference 16. The existing fuel
racks (rack types Gl, G2 and G3) are box-shaped structures fabricated from
stainless steel type 304 plate which are bolted to the four free-standing
control rod storage rakcs (rack types G4 and G3). Each fuel storage rack 1s
attached to the control rod storage racks by means of nine bolts at each side.
The four new NES fuel storage racks (rack types 11 and 14) are box-sh
fabricated from stainless steel type 304 vertical and horizontal angle members.
The four new NES racks are not laterally attached to any support structure but
are arranged so that they are completely trapped by the existing racks.

Reference 1€ presents the seismic and structural analysis existing
and new fuel storage racks and their attachments to withstand the loadings
associated with a seismic event. The two cases that could result in the structural
failure of the existing and new fuel storage racks during a seismic event are
discussed in detail. These cases are (1) the possible toppling over of the
existing rack Gl (Figure 1) due to failure of the attachment bolts or failure
of the control rod storage racks to which the existing rack Gl is attached and
(2) the possible toppling over of the new NES rack Type 14 (Figure 1) due to
its buckling and subsequent loss of edge supports.

6.4.2 Loading Conditions

1 (Collapsc of existing racks Type Gl)
The seismic lateral inertia loading on the coupled model of the

existing fuel and control rod storage racks s in the form of the applicable

98.
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accecleration response spectrum given in Reference 2. The acceleration responsc
spectrum (Figure 2) for the safe shutdown carthquake (SSC) at the intermediate
floor level of the LACBWR contuinment building and equipment damping is used

in the seismic analysis.

In addition to the scismic inertia loadings, the coupled model
of the existing fuel and control rod storage racks will be subjected to the
potential imQacting load of the adjacent NES rack (type 11). The NES rack
is assumed to topple over and hit rack Gl with the intermediate floor and wall
seismic g-loading of 0.28g multiplied by an impact factor of 2.

Case 2 (Collapse of new NES rack Type 14)

The inertia loadings imposed on the new NES rack <uring 2 seismic
event are calculated by multiplying the distributed mass of the rack and its
contents by an equivalent static seismic acceleration value. The equivalent
static seismic acceleration value corresponding to the fundamental frequency
of vibration of the rack is obtained from the applicable acceleration response
spectrum curve case.

6.4.3 Des;;p Critcria

The acceptable maximum stresses in the fuel storage racks and
their attachments are estzblished based on the guidelines given in USAEC
Document (B) "Structural Design Cirteria for Evaluating the Effects of High
Energy Pipe Breaks on Category 1 Structurcs Outside the Containment™ prepared
by the Structural Lngineering Brach; Dircctorate of Licensing. The acceptable
stress values are given below:

Allowable stress for axial compression

or tension plus bending 0.9fy

Allowable shear stress valuc 1.6x0.4€v = 0.6:7;
where fy s yicld stress valu

for stainless stuvi

——— - e e —— - —— —— — - r—— -




The factor of 1.15 accounts for the increcase in yield stress under
dynamic loadings.

6.4.4 Methods of Analvsis

Case 1

The existing fucl storage rack and the control rod storage ruacks
are mathematically modeled as an assemblage of finite element plate and beam
clcements as shown in Figure 3 of Reference 16. For the seismic analysis,
the tributory weights of the structural elements, fuel assemblies, control rods,
and water are lumped at the appropriate node points. The stiffness charagteristics
of the model are calculated considering axial, flexural and shear deformations
of each structural clement. From the mass and stiffness matrices, the eigen-
values and eigen-vectors (frequencies and mode shapes of vibration) are calculated
using the Householder-QR technique. The seismic response of the coupled model
is then calculated using the response spectrum, modal super-position method
of dynamic analysis.

Case 2

NES rack type 14 has been analyzed using standard methods of seismic
and structural analysis for simple structural systems. The fundamental fre-
quency of vibration of the most flexible structural member (vertical angles)
is first calculated considering its own flexibility characteristics as well
as the flexibility characteristics of the hourizontal support angles. Corres-
ponding to this frequency, the equivalent static seismic accelerations are
obtained from the SSC response spectrum curve. Seismic lateral inertia loadings,
equal to the tributory mass times the eguivalent static seismic accelerations
arc then applicd to various structural members and the state of maximum stress

and deflections are caleulated using standard methods of structural analysis,
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It should be noted that in thesc calculations, two modcls have
been analyzed. In model 1, it has been conscrvatively assumed that the horizontal
angles at the front and back of thc NCS racks act independently of each other.
Since these horizontal angles at the front and back are tied together by spacer
plates, a second model has been analyzed which assumes that these two horizontal
angles act together. The structural stiffness of the NES rack will lie between
these models.

6.4.5 Results of Analysis

The natural freuqencies of vibration for the first five modes
of the coupled model of the fuel and control rod storage racks range from
11.76 cps to 38.94 cps.

The fundamental frequency of vibration of the NES rack type 14
for the two models analyzed are given below:

Natural Frequency of Vibration (cps)

Model 1 (Horizontal angles act 3.9%
independently)

Model 2 (Hori:zontal angles act
together)

The results of the subject analysis indicate the following:

1. 7The design of the existing fuel storage racks Gl, control

rod storage racks G4, G5 and their attachment bolts are
adequate to withstand lateral inertia loadings associated

with safe shutdown carthquake.

The existing design of the NES rack type 14 is adequate

to withstand latera. incrtia loadings associated with a scismic

-
-

The fuctor of safety against the collapsc during a

scismic cvent is of the order of 3.3 if the horizontal ancles

t the front and back of the racks are assumed te act independeng!y:




if thesc horizontal angles act together, the factor of
safety against the collapse of thesc horizontal members
during a seismic event is of the order of 27.

3. In order to provide backup to the attaching bolts between the
existing racks G2 and the control rod storage racks G4 and G5
it is rccommended that structural members be added between
the NES type 14 racks and the existing type G2 racks to prevent
their toppling during a scismic event.

6.5 HIGH DENSITY SPENT FUZL STORAGE RACKS (1978)

(Refercnce 8)

6.5.1 Description

The LaCrosse Boiling Water Reactor high density spent fuel storage

racks have been designed to meet the requirements for Seismic Category I structures.

The arrangement of the storage racks in the LACBWR fuel storage

well is shown in Figure 3-1 of Reference 8 From this figure it can be seen
that the fuel storage well has two (2) storage racks with a 9x8 array of fuel
storage locations, one (1) storage rack with a 4x10 array of fuel storage
locations, plus a special storage array similar to a 4x10 array except for

a region allocated lor control rod storage. Each storage location is capable
of storing two (2) fuel assemblies in a two-tier c¢ figuration (i.e. one
assembly positioned above the other). Fuel assemblies tored in the lower
tier are accessible (e.g. for periodic surveillance). Floor area is provided
at the South cnc of the fuel storage well for the spent fucl shipping cask.
This area is also used to store the core spray bundle during refueling

operations.

——
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Each storage rack consists of a welded assembly of fuel storage
cells spaced 7 inches on center. Each rack, however, is fabricated in two
sections designated upper tier rack and lower tier rack sections respectively.
After the upper tier and lower tier rack sections are brought up to the
operating floor, the sections are assembled to each other to complete each
rack structure. The completed structure is shown in Figure 3.2 of Reference
8.

The upper tier rack section consists of two "egg-crate" grid
structures which position and secure the fuel storage cells. A typical cross-
section for the fuel storage cell is shown in Figure 3-3 of Reference 8.

The horizontal seismic loads are transmitted from the rack structures
to the fuel storage well walls at three clcvations (the top grid of the upper
tier rack section, centerline of the inter-section of upper and lower rack
tiers, and the bottom grid of the lower tier rack section) through adjustable
pads attached to the rack structures. The thickness of these pads are adjusted
as required to accommodate variations in the storage well walls and to provide
the small gaps needed for thermal expansion. Lateral diaphram bracing are
provided around the periphery of the cask setdown/core spray bundle storage
area to ensure proper transfer of the seismic loads across and/or around this
area at the three rack elevations. The vertical dead-weight and seismic loads
are transmitted to the storage well floor by the rack support feet.

The fuel stora-e racks and associated seismic bracing are fabricated
from Type 304 stainless steel.

6.5.2 Loading Conditions

Load Case 1 - Dead Weight of Rack, D + L (Nermal Load)
Load Casc 2 - Dead Weight of Rack Plus 1 G. Vertical Installation

Load, D+ I.L. (Normal Load)




Load Case 3 - Leud Weight of Rack Plus Uplifting Load, D + U.L.
(Abnormal Loud)

Load Case 4 - 5 Safe Shutdown Earthquake, £ (Severe Environmental
Load)

The storage rack structural components are subjected to the scismic

inertia loading of the fuel assembly, storage cell structure,

trapped and hydrodvnamic mass and the fuel assembly impact louds.

The seismic loads are based on the simultaneous application of the

horizontal and vertical components of the seismic response acceleration

spectra specified for the % Safe Shutdown Earthquake.

Load Case 5 - Safe Shutdown Earthquake, [' (Extreme Environmental
Load)

Same as Load Case 4 except that the seismic response acceleration

spectra corresponding to the Safe Shutdown Earthquake was used

in the analysis.

Load Case 6 - Assembly Drop Impact Load, (Abnormal Load)

Thermal Loading, T (Normal Lead)

The stresses and reaction loads due to thermal loadings are

insignificant since clcarances are provided betwcen racks to allow

unrestrained growth of the rr-ks for the maximum expected temperature

differential based on a maximum pool temperature of 150°F.

Load Combinations

a. For service load conditions, the following load combinations

are considered using elastic working stress design methods

of AISC:

(1) D + L (la) D+ L+T

(2 D+ 1.L.

(3) D+ L +E (32) D+ L +T+E



<:> b. For facrored load conditions, the following load combinations

are considered using elastic working stress design methods
of AISC:
(4)0010‘[‘05'

(5) D+T=+ U.L.

6.5.3 Degi;p Criteria

The following cesign codes and regulatory guides have been used

in the design/analysis of spent fuel storage racks.

) 9
r &

A.1.5.C. Manual of Steel Construction, Seventh Edition, 1970.
USNRC Regulatory Guide 1.61, "Damping Values for Seismic
Design of Nuclear Power Plants", October 1973.

USNRC Regulatory Guide 1.9., "Combination of Modes and
Spatial Components ja Seismic Response Analysis", Rev. 1,
February 1976.

USNRC Standard Review Plan, Section 3.8.4.

Nuclear Energy fervices Inc. Document NES81A0544, Rev. O,
"Quality Assurance Program Plan for the LaCrosse Boiling Water
Reactor Spent Fuel Storage Rack Design Program', March 1978,
USNRC "Position Paper for Review and Acceptance of Spent

Fuel Storage and llandling Applications",

The following allowable stress limits constitute the structural

acceptance criteria used for each of the Joading combinations presented in

Section 6.5.2

D —— — e — " ———— v —
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Load
Combinations Limit
1, 2, 3 S
la, 3a 1.58
4, 5 1.65 or 0.5Fy (shear stress)

0.9Fy (Tcnsile or compressive stress)
Where S is the required section strength based on the clastic
design methods and the allowable stresses defined in Part 1 of the AISC
"Specification for the Design, Fabrication and Erection of Structural Steel
for Buildings", February 12, 1969. The yield stress value Fy for stainless
steel is taken as 30.0 ksi.

6.5.4 Methods of Analysis

The response of the rack structure to the specified static and
dynamic loading conditions have been evaluated by means of linear elastic analysis
using the finite element method. The seismic response of the rack structure
has been determined using response spectrum modal superposition methods of
dynamic analysis.

The following mathematical models have been developed to perform

a static, dynamic and stress analysis of the spent fuel storage rack structure.

8x9 - 4x10 RACK COUPLED MODEL

The first model, shown in Figures 7.1.a and 7.1.b of Reference
8, 1is the coupled model of the grid structures of an 8x9 and 4x10 arrays located
in the east side of the spent fuel pool (Figure 3.1). This coupled model of
the structural grid arrays including the region for control rod storage represent
the controlling structural case having higher flexibility characteristics
(therefore, lower frequencies of vibration and high spectra accelerations).

The eorid structure models are detailed three dimentional finite element models

"

consisting of Jiscrete beam clements interconnccted at a inite number of nodal

points.
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Boundary conditions are assumed at pinned connections at the

appropriate vertical and horizontal locations for both the static and dynamic
analysis. For the static dead weight analysis, the distributed masses of the
structural clements and stored fuel elements of both tiers are lumped at the
system nodal points of the lower grid structure model.

Fof the horizontal, seismic analysis, the tributory weight of the
rack structure, individual stored cells, fuel assemblies, contained and
hydrodynamic water masses are lumped at the appropriate nodal points. The
horizontal seismic analysis is performed on both the lower grid and intermecdiate
structural grid models. For the vertical seismic analysis, the distributed
weight of the rack structures at the three grid elevations, individual storage
cells, and stored fuel assemblies of both tiers are lumped at the appropriate
nodal points of the lower grid model. The effects of the adjacent racks and
seismic bracing are accounted for by means of developing equivalent spring/
mass systems rpresentirg their lateral dynamic characteristics and attaching
these systems to appropriate nodal points around the periphery of the design
model. The horizontal and vertical weights are distributed such that the resulting
lumped mass multi-degree-of-freedom mcdel best represents the dynamic characteristics
of the fuel storage racks.

The effects of the storage cell lateral frequency are considered
by combining the structural grids and storage cell frequencies for the first
mode of vibration. The storage rack dynamic response is then calculated by
applying the spectral acceleration value for the combined first mode frequency
to all modes. Total system response is then cbtained by combining the individual
modal response values in accordance with Regulatory Guide 1.92; lower modes

having large contribution to the responsc arc considered and higher modes with

(2]

negligibic participation uare nuslected.



The combined seismic response of the three spatial components of
the earthquake has been obtained by taking the square root of the sum of the
squares of the corresponding maximum response values due to the three components
calculated independently (Regulatory Guide 1.92).

8x9 AND 4x10 RACK - INDIVIDUAL GRID MODELS

The second and third models shown in Figures 7.1.c and 7.1.d
of Reference 8 are detailed threce-dimensional finite element modes of individual
8x9 adn 4x10 rack intermediate grid structures. These models consist of
discrete beam elements interconnected at a finite number of nodal points,
and are used for the installation load analysis.

6.5.5 Results of Analysis

The static and seismic structural stress analysis of LACBWR
high density fuel storage racks were performed with the STARDYNE computer code.
The fundamental frequency of 14.65 cps for the lower tier and 11.81 cps for
the upper tier represent the first mode frequency of the upper and lower grids
(including the flexibility effects of seismic bracings) combined with the first
mode frequency of the storage cells.

The results of the rack structural/stress analysis, which includes
fuel assembly impact, are summarized in Table 8.2 of Reference 8. This table
presents the maximunm stresses and deflections in each type of rack structural
member for the various load combinations developed in accordance with the NRC
Standard Review Plan, Section I.8.4 and compares them with the allowuble
values as specified in the accpetance criteria of Section 6.5.3. From this
table, 1t can be seen thuat the maximum stresses and deflections are nominal

and well within the allowable limits.
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The maximum reaction loads transmitted to the pool wall and floor
resulting from the dead weight, live loads, thermal effects and seismic loadings
(including fuel assembly impact effects) are presented in Table 8.3 of Reference
8. These maximum reaction loads are calculated ocnisdering the pool to be
fully-loaded with spent fuel storage racks and the full compliment of spent
fuel assemblies including stainless steel shrouds (heaviest sirouds).

Detail calculations to evaluate the offects of sloshing water
on the fuel storage racks have been performed for two cases. In the firss
case, operating water level in the pool is considered to be at an elevation
697'-11.625" (typical water level required for storing the spent fuel in zhe
Jpper tier of the storage racks). In the second case, wnter 'evel in the pool
is considered to be at the same elevation as top of the storage racks (approximate
water level required for storing the spent fuel in the lcwer tier ¢f the storage
racks only). It has been coacluded that sloshing of the pool water during
a seismic event will have insignificant effects on the Zuel storage racks.

The structural design and stress analysis of the seismic bracing
around the rack periphery and seismic diaphram bracing for the three elevations
of grid structures and the r components are summsrized in Table §.4 of Reference
8. The stresses in these structures, as vell 25 *he developed concre:: hearing
stresscs, are within the allowable limits of the AISC code and the AC! coue
as modificd in accordunce with NRC standard roview plan Section 3.8.4.

In order to verify that the results of the detailed seismic anal-sis
are suitably conscrvative, additional analyscs were performed using a courled
model representing the storage cells and upper, intermediate, and ower grid

structural systoems.
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The details of the model and the analysis are given in Appendix G
of Reference 8. The results of these anulyses are summarized in Table 8.6.
From Table &.6 it can be seen that the fundamental frequency and the overall
seismic response results of both analyses (detailed and verification) are
directly comparable.

The following conclusions were reached in Reference 8.

1. The results of the seismic and structural analysis indicate
that the deflections and/or stresses in fhe rack structure
resulting from the loadings associated with the normal and
abnormzl conditions are within allowable deflection and stress
limits for Seismic Category [ structures.

2. Sloshing of pool waters in a seismic event will have insignificant
effects on the fuel storage racks.

3. The earthquake gencrated stresses in the seismic wall bracing
and control rod rack are within the specified allowable values.

4. The analysis of the accidental fue! assembly drop condition
indicates acceptable local structural damage to the storage
cells with no buckling or collapse, nc crumbing of the pool
concrete floor and no puncturing of the stainless steel liner.
Therefore, no signifiéant changes in the value of keff will
occur and the leak tightness of the fuel pool will be maintained.

5. It 1s concuded that the designs of the LaCrosse Boiling Water
Reactor high density fuel storage racks, and the associated
seismic bracing are adequate to withstand the loadings of

normal and abnormal conditions.

i 4.
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TWO TIER 54 MASS COUPLED MODZL SEISMIC ANAL:

Overall System
Fundamental Freguency
(min. cps)

Spectral Accelerztion
Value (G)

Maximum Storage Cell
Acceleraticn Value (G)

Maximum Storage Cell
Seismic Stress (ksi)

‘ Maximum Reaction Loads*
"k (k)

o" Lower Grid
Intermediate Grid

Upper Grid

tReaction loads withous fuel

TABL

E 8.6

Detailed
Analvsis
ncougled
Model

23.16
51.36
25.66

- 1
assencd

-

v S e
¥SaS RESULT

L3 dhead

Verification
Analvsis
coup.ed
Model

13.32

0.45

0.791

3.84

12.97
50.4
29.24

impact effects.




6.6 SPENT FUEL POOL STRUCTURE

(Reference 12)

6.6.1 Description

The fucl storage pool is located inside the reactor containment
building (south of the reactor pressure vessel) between elevation 639'-5-5/8" and
701'-3". The fuel storage pool is a 11' x 11' x 40' deep reinforced concrete
structure lined with AISI Type 316 stainless steel plate. The 56 inch thick
storage pool floor is lined with 3/8 inch thick stainless steel plate and is
supported along its perimeter by the four pool walls and along its mid-span
by a 29 inch thick wall. The pool walls, which vary in thickness, are lined
with a 1/16 inch thick stainless steel sheet.

Elevation sections of the pocl floor, the north, south, east
and west walls including their detailed reinforcement patterns, changes in
wall thickness and pool floor support walls are indicated in Figures 3.1
and 3.2 of Reference 12.

The horizontal s ismic loads are transmitted from the rack struc-
tures to the fuel storage pool walls at three elevations (the top grid of the
upper tier rack section, centerline of the inter-section of upper and lower
rack tiers, and the bottom grid of the lower tier rack section) through
adjustable pads attached to the rack structures. The vertical dead-weight
and seismic loads are transmitted to the storage pool floor by the rack suprort
feet. The impact loads associcted with the cask drop cvent are transmitted
to the pool floor by the crash pad.

6.6.2 Loading Conditions

Load Case 1 - Decad Weight D (Norral Load)

Load Case 2 - Live Load, L (Normal Load)

Load Cuses 3 to ¢ - 1/2 Safe Shutdown Earthquake,

E (Severe Environmental Load)
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The fuel storage pool walls are individually subjected to the

seismic inertia loading of the concrete walls, pool water mass, and the maximum
seismic reaction loads of the fuel storage racks (Section G.5) for the 1/2
Safe Shutdown Earthquake event.

The load combinations involving the Safe Shutdown Earthquake
(E') are less severe than those involving the 1/2 Safe Shutdown Earthquake
(E) while the acceptance criteria for these load combinations are same.
Therefore, the analyses have been performed for the i/2 Safe Shutdown Earthquake
loading condition only.

-

Load Case 7 - Thermal Loading, To (Normal Load)

The pool floor and walls are analyzed for a linear thermal gradient
of 80°F across the thickness of concrete elerents.
Load Case 8 - Spent Fuel Shipping Cask ODrop Impact
Load I.L. (Abnormal Load)
Load Combinations
a. For service load conditions, the following load combinations
are considered using the ultimate strength design methods
of ACI-318-71.
(1) 1.4 D+ 1.7L
(2) 1.4D+ 1.7L+1.9E
(3) 0.7 (1.4 D+ 1.7 L + 1.7 T,)
(4) 0.75 (1.4 D+ 1.7L+1.9E+ 1.7 To)
b. For factored load conditions, the following load combinations
are considered using the ultimate strength design mcthods
of ACI-318-71.
(2) 1.4 D+ 1.T L+ 1.9E>DeL E"™

(8) 1.4 D+ 1.7 L+ I.L.




6.6.3 Design Criteria

The following design codes, regulatory guides and refcrences
have been used in the structural analysis of the fuel storage pool structure.
1. ACI 318-71 - "Building Code Requriements fo- Reinforced
Concrete” American Concrete Institute.
2. Uniform Building Code, 1973 Edition.
3. USNRC Standard Review Plan, Section 3.8.4.
4. 'USNRC Proposed Position for Review and Acceptance of Spent
Fuel Storage and Handling Application.”
S. Nuclear Energy Services, Inc. document NES 81A0544, Rev. 0.
"Quality Assurance Program Plan for the LaCrosse Boiling
Water Reactor Spent Fuel Storage Rack Design Program", March
1978.
6. George Winter, et al - "Uesign of Concrete Structures",
McGraw Hill Book Company, 1964.
The following allowable stress/load limits constitute the structural
acceptance criteria used for each of teh loading combinations dis.ussed in

Section 6.6.2,

Load
Combinations Limit
L%y 35 85 & u

Where U is the required section strength based on the ultimate
strength design methods described in ACI-318-71. The compressive strength
of concrete at 28 duys is taken at 3500 psi (Reference 10).

6.6.4 Mcthods of Analvsis

The fucl storuage pool floor and walls have been mathematically
represented by a three dimensional finite element model (Figure 7.1.a of

Reference 12) consisting of plate clements and having uppropriate boundary




conditions. The responsc of the finite element model of the storage pool
Structures to the applicable louds have been determined using linear static
analysis methods. The computer code STARDYNE was used.

6.6.5 Results of Analvsis

Table 8.2 of Refercnce 12 presents the results for load combination

No. 2. From this table it can be seen that the maximum shear stress, compressive

stress, critical (horizontal and vertical reinforcements) design moment values
of 0.075 ksi, 0.167 ksi, 695.3 K. in/ft and 77.8 K.in/ft respectively are
lower than the corresponding allowable values of 0.20 ksi and 2.082 ksi,
2142.0 K in/ft and 528.0 K in/ft respectively.

The results of the storage pool structural analysis for load
combinations which includcs the effects of dead, live earthquake and therma!
loadings are summarized in Table 8.4 of Reference 12. It shows that in the
critical section (pool floor) the maximum moment of 702.9 K in/ft for load
combination 4 is lower than the allowable value of 1200 X in/ft.

The effects of additional loadings from the adjacent building
structures on the pool structures are evaluated in Appendix D of Reference 12.
The sum of the rutios of maximum shear stress to allowable shear stress ior
the pool structure and for the overall building structure is 0.479. Similarly,
the sum of the ratios for the maximum moment to allowable moment is 0.432.
Since these two ratios are less than 1, it can be concluded =hat the storage
pool structures are adequute to withstand its own internal loadings as well

as those from the adjacen: building structures.
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TADLE €.4

RESULTS OF TLZ STORAGE POOL STRUCTURAL ANALYSIS
LOAD COMBINATION %4, 0.75(1.4D + 1.7L + 1.3E + 1.7Tp)

O_L

LLOWASLE |
MOMENT 1 ;
IDESIGN, > LLOWADLE!
HORIZONTAL | HORIZONTAL | MOMENT PATIO
REINFORCEMENT | REINFORCEMENT |

(Kein/E8) 1 (kein/fe) |

R i } MAXIMUM
STRUCTU i DESIGN MOMENT
'
|
|

b

gLrurn~

D”SCR;?” on

Pool Floor (56" Element) 702.9 1200.0 0.556

Nozth Wall
- ————————————

| E1. 680'=5" to 701'-3"
: (36" Clements) $38.9 1260.0 0.423

: . 680'=-5" to 701'-3"
! (21" Elements) 210.8 714.0 0.294

"
=

Zl. 678'-5" to 680'-5"

(33.5" Elements) $05.3 1239.0 C.4C8

| E1. 659'5.625" o
. 678'-5" (36" Elements) | 708.0 1260.0 0.562

O - = oss9-ssas s | !
678'=5" (21" Elements) 251.1 714.0 8.3

u
to

South Wall
= ———— 3

Cl. 672'=0" to 701'-3"

(18" Elements) 149, 504.0 0.296

..

El. 659'=5,.5825" to .
672'=0" (57" El lements) 779.1 ' 2142.06 ‘ 0.364
Cast Wall |
3
El. 680'-5" %o 701'-3" | |
(36" Elements) | 601.2 1260.0 : 0.477
El. 59'-5.625" ¢t , | I
680'=5" (57" Elements) 1246.9 ‘ 2142.0 | 0.582 }
' | f
lest Wall i i { |
! i
£1. 680'~5" =5 701'-3" : ; |
(36" Zlemanss) | 601.2 ! 1260.0 g 477
! ; |
ey TN B | : {
(:>‘ 680'=8" (57" tloments) 1246.9 2142.0 8.532
g2-4




6.7 STORAGE TANKS OF THL WASTE DISPOSAL BUILDING

(Reference 2. Part 2. Section 7)

The tanks considered were the 1000 gallon Evaporation Feed Tank,
Spent Resin Tank, Evaporator and Concentrated Waste Tank. The first four of
these tanks are supported on four legs and the £ifth on saddle plants. The area
of primary concern was the stability of the storage tanks to overturning due to

the SSE seismic input condition.

Dynamic analyses were conducted to determine the peak stresses that
would develop in the leg supports. These analyses were response spectra methods
of analvses and yielded conservative estimates of peak stresses which were well

“ithir the aliowable stresses. It is concluded that no special problems exist

in this area.

-—— - — — —————— —— - ———
. - ————— .
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| INTRODUCTION

The U.S. Nuclear Regulatory Commission (NRC) is conducting the Systematic
Evaluation Program (SEP) wnich consists of a plant-by-plant safet;
reassessment of a few older operating plants. Lawrence Livermore National
«aporatory (LLNL) nas peen providing technical assistance to the NRC staff in
performing SEP seismic reviews.

As part of the SEP, tne Dairyland Power Cooperative (OPC) was requested
to perform a seismic re-evaluation of the LaCrosse 60171ng water Reactor
(LACBWR ) facilities. LLNL and its consultant, EG&G/San Reman Operations,
reviewed the licensee's seismic re-evaluatian program plan and submitted a
summary letter report to NRC on December 7, 198! (Ref. 1’. The program plan
review concentrated primarily on the methodology and criteria the licensee is
committed to follow in their seismic re-evaluation. The structures portion of
the review summary table submitted to the NRC has been updated and ‘s 1ncluded
in this report as Appendix A.

A meeting was held to review the results of the seismic re-evaluation
program at the office of DPC's consultant, Nuclear Energy Services, Inc.
(NES), 1n Danbury, Connecticut, on August 10 & 11, 1982. Quring the meeting,
a total of five reports in the structures arca (Ref. 2 to 6) were handed over
Lo the NRC Seismic Review Team wnich, in the structures area, includes
personnel from LLNL, EG&G/SRO and NRC.

A list of questions or comments was given to NES at the end of the review
meeting. Some additions were made to the list and attempt was made to rank
the questions and list them in priority order. The new list was transmitted
to the NRC on August 16, 1982 (Ref. 7). This new list was again updatea and

included in Section 2.2 of this report.



Tne following documents formea the basis of our review: NUREG/CR-0098
(ref. 8), the SSRT guigeline for SEP soil-structure interaction review (Ref.
9), tne Standard Review Plan (SRP), ana the pertinent NRC regulatory guides.
Tne rirst twou documents prevail wherever they contradict the SRP ana the HRC
regulatory guides. This is in recognition of the fact that the LACBWR
facilities were designed and built prior to the publication of the current
design methodology and criteria. In addition, the seismic re-evaluation is
JeeMed adequate when 1L reasonably meets the intent of the apove documents.

The intent of this report is tc document the results of this review. The
review covers the following structures:

) Reactor containment building

2) Turbine building

3) 1-8 Diesel generator building

4) LACBWR stack and Genoa 3 stack

A general layout of the structures included in this review is shown in
f1g. 1. The stacks are not safety related. However, they were reviewed since
the collapse of these stacks mignt endanger the nearby safety related
structures,

Structural Mechanics Associates (SMA;, unuer contract with LLNL,
performed an independent seismic analysis of the reactor containment building
(Ref. 10). The results of this independent analysis provide a bench mark for
the evaljuation of the licensee's re-evaluation results and were used in this
evaluation effort,

Chapter 3 of this report describes the seismic inputs for structures and
subsystems. Chapters 4 through 7 present the review of structures described
apove. Chapter 8 includes miscellaneous items such as the concrete block
walls, roof panels, field erected tanks, and buried piping or tunnels. The

Sumnary and conclusions of this review are included in Chapter 2.

sl



2 SUMMARY AND CONCLUSIONS

2.1 Summary and Conclusion

A total of five reports (Ref. 2 through 6) were reviewed., These
reports documented the results of a seismic re-evaluation program covering
five st uctures. They are the reactor containment building, the turbine
building, the 1-B diesel generator building, the LACBWR Stack and the Genoa 3
stack. The stacks are not safety related. However, the failure of these
stacks mignt endanger the nearby safety related structures. A summary of
review evaluation of these structures is provided as follows:

A) Reactor containment building - This building appears to have

sufficient capacity to resist seismic excitation based on NES's

stress evaluation of the steel containment and the outer shield wall

and'based on SMA's confirmative type of capacity evaluation of the

building without detailed stress calculation. However, two major

concerns regarding the stability of the building and the stress and

capacity calculation for the lower columns of the inner shield

structure need to be addressed as soon as possible.

B) Turbine building - The concrete portion of the building and the

turbine pedestal seem to have sufficient seismic capacity in view of

the fact that the overall building center of mass is quite low

compared to its horizontal dimensions. The steel bracings were

found by NES to be overstressed and to need modification.

C) 1-B diesel generator building - the steel framings of this

building are believed to be able to withstand the postulated seismic

event. However, this building has quite extensive amount af hollow



un-reinforced concrete block walls which are believed to have only a
limited seismic capacity. The failure of these walls could endanger
the equipment housed inside this building.

0) LACBWR stack and Genoa 3 stack - These stacks were faunc to be

overstressed at the top by using ultimate strength design method in

accordance with the acceptable stress limits given in AC[-318-77
code. However, the ACI-307-79 design code, which governs chimney
design, were not used. ACI-318-77 design code applies to solid
member cross-sections. However, it might not be appropriate for
hollow circular chimney section. [t is necessary to calculate the
seismic capacity of these stacks using ACI-307-79 design code with
possible higher allowable stress 1limits permitted by NRC (0.8 fc'
for concrete and 0.9 fy for steel) (Ref. 11), and to compare with
the existing results.

The calculated shear or moment of the stacks due to seismic could be

overconservative by 40% if the conservative SRSS combination method

stated by NES personnel in the review meeting was actually applied
to these axisymmetric structures.

The above conclusions are, of course, subjected to the satisfactory
resolution of the open items identified in Chapters 3 through 8. These open
items are summarized in the next section (Section 2.2) and include the open
items given in Ref., 7,

The summary table, which was attached to Ref. ] and was the result

of a program plan review of the seismic re-evaluation, was updated and

included in this report as Appendix A. The program plan review mainly




concentrated on the methodology and criteria that the licensee had committed
to follow in executing the seismic re-evalual un program. Most of the
comments of the updated program plan review are related to one or more open
items identified in tne main pody of this report. Therefore, they were also

merged into Section 2.2.

2.2 Summary of open items.
1) Clarify the stress and capacity calculations fcr tne lower
columns of the inner snield structure. Specifically resolve the
discrepency petween calculations on pages 8-208 and 8-222 of Ref. 2.
2) Evaluate the stapility of the containment against overturning
along the interfaces between the internal concrete structure and the
steel containment, between the steel containment and the basemat,
and petween tne basemat and the pile group.
3) Justify the use of in-structure response spectra developed from
the old 2-D dynamic model for the assessment of the systems and
components in the reactor containment building. Submit the
in-structure response spectra of the turbine building and tne 1-8
diesel generator building for review as soon as they become
abailaple. Evaluate also the effects of “loor flexibility on the
vertical in-structure response spectra.
4) Oocument the finite element analysis of tnhe Genoa 3 stack
Dasemat and the assessment of the soil bearing capacity.
5) Provide the stability analyses of the LACBWR stack and gocument
the aetailed evaluation of basemat and piles including the

Dasemat-pile connection.



6) Calculate the seismic capacity of the stacks using ACI-307-79
design code w~itn possiole hiyner allowable stress limits permitted
Dy the NKC (V.8 f'c for concrete ang 0.9 fy for steel) (Ref. 11),
and to compare w~itn the existing results ootained from the ultimate
strengtn design method.

7) How tne G ana v for tne soil were calculated? wnat elevation
and shear strain are tney corresponding to? References cited in the
reports (Refs. 2 and 3) are not tne correct references. ODanes &
Moore report on liquifaction potential (Ref. 12) does not have the
cited tables either.

8) Justify ignoring piles and embeament in the soil spring

calculation anag assess the effect on in-structure response spectra.
4) The ultimate pile capacity of 400 kips is four times the rated
capacity. Clarify the methodology that was used to derive this
number .

10) Justify using a constant 5% eccentricity in the turbine
builaing, 86 inches eccentricity for the inner snielad structure and
neglecting torsional soil spring. Address both tne center of mass
and tne center of rigidity. Justify the caiculation of torsional
rigidity and shear factors. (See for example, page A-64 of Ref. 3).
Evaluate the effect on in-structure response spectra.

11) Evaluate the sloshing effects in the overhead water storage
tank on the steel containment.

12) Document that the gap hetween the 1-8 diesel generator building

and the turpine building is sufficient to preclude interaction

between them,



I3) Evaiuate the connection between the piles in tension and tne

Dasemat. what 1s the maximum numper of piles under tension at any
one time?

14) Is tnere any safety related equipment located near concrete
plock walls. [f so, evaluate the walls or conseguence of their
failure, including the effects of alteration of gross or local
structurai responses.

15) Evaluate connections of precast roof panels in tne turbine
building and the 1-8 diesel generator building or consequences of
tne panels falling. CEvaluate also the adequacy of the roof panels
in the turpine buillding.

I16) Evaluate tunnels housing safety-related piping or equipment, if
any.

17) Many bracings in the turbine building are predicted to be over
stresses under seismic load. The model used does n * reflect tne
actual penavior of this type of system. Modification need to be
done, or a different model analyzed. [f the bracings are not to be
modified, discuss the effect of its failure. If ductile response is
assumed, verify that the connections nave sufficient capacity to
allow the development of ultimate member strength.

18) Provide description of the turbine building basemat. Evaluate
also the seismic capacity of the basemat. Consider the flexipility

of basemat and justify the methods used in calculating the pile

axial load.




19) Verify the connection between building basemat and the turpine
pegestal pasemat. Compare the result of the combinea seismic model
w1th tnose of the separate models and justify which mogel is
correct., Verify also tnat the connectivity assumed 1n all LACBWR
Structural models reflect tne actual field conditions, and is
consistent witn the analytical results.

20) Clarify if the basemat is considerea as 3 lumpead mass in the
selsiic analysis models., Justify 1f 1t is not.

21) It is not kruwn if all computer codes have been officially
verified. From the review of the reports submitted during the
meeting hela in NES office on August 10 & 11, 198%Z, it seems tnat
STARDYNE is the only computer code used. STARDYNE is a public
aomain program. Licensee is not required to verify and to document
tnis program. Clarification is needed if there are other in-house
computer programs used.

22) Verify the adequacy of all structural connections. wherever
the aquctile penhavior 1s relied upon for structural integrity, the
connections should have the capacity to allow the development of
ultimate member strength.

23) Justify that the damping values used are adequate considering

both the structural responses and the in-structure response spectra.



3 SELSMIC INPUTS FOR STRUCTURES AND SUBSYSTEMS

3.1 Seismic [nput at Free Field

Two seismic spectra at free fielg (F1g. 2) w2re used in tne seismic
re-evaluation of LACBWR facilities. One is the NRC R.G.).60 design spectrum
scaied to 0.129 peak ground acceleration. This design spectrum, together witn
a 2-0 lumped mass model, was used in an original seismic assessment of the
reactor containment puilding by Gulf United Services in 1974, Floor response
spectra for the reactor containment building were also developed. The other
seismic input is tne NRC site specific spectrum (Ref. 13). This site specific
spectrum was used later Dy NES to assess all LACBWR structures including the
reactor containment building. The building response results (excluding tne
In-structure response spectra) ootainea previously using the 2-0 model were
abandonea.

3.2 In-Structure Response Spectra

As stated in the previous section, in-structure response spectra for
tne Reactor Containment Building were developed from an ola 2-0 mogel using
0.12g R.G. 1.60 spectrum. These in-structure response spectra were continued
Lo De used to assess the equipment and piping systems inside the reactor
containment building. No effort was made to update these floor response
spectra using the new model. NES personnel stated in the review meeting that
the input spectrum used in the original analysis is much more conservative
than the NRC site specific spectrum that these floor spectra might envelop the
floor spectra if the new model and the NRC spectrum were uysed. wWhile this

coula very well be the case. No study has been performed to demonstrate that



the apandoned 2-0 model yields floor spectra that are conservative compared to
those using the new model and the NRC site specific spectrum. The floor
spectra could be unconservative for certain frequency ranges even though the
INput spectrum 1s more conservative. This, of course, mainly depends upon the
dppropriateness of the apandoned 2-0 model for seismic analysis.

There are no in-structure response spectra submitted for the turbine
duilaing ana the 1-8 diesel generator building. Tnhis information should be
submitted for review as soon as i1t becomes availaple.

Based on the apove discussion, the following open item has been
identified:

1) Justify tne use of in-structure response spectra develecped from

the ola 2-0 dynamic model for the assessinent of the systems and

components in the reactor containment building. Submit the

in-structure response spectra of the turbine building and the 1-8

diesel generator building for review as soon as they become

availaple. Evaluate also the effects of floor flexibility on the

vertical in-structure response spectra.

¢ REACTOR CONTAINMENT BUILDING

4.1 Description of Structure
The LaCrosse reactor containment building is a welded steel cylinder

with reinforced concrete internal structures. The cylinder has a
hemispnerical upper dome which encloses an integral 42,000 gallon water

storage tank. The lower steel head is ellipsoidal and is supported by a




reinforced concrete, pils supported, foundation wnich is approximately three
feet tnick. Acditional concrete is placed above tne lower head to form the
Dasement floor and support the concrete internal structures. The overall
neignt or tne containment snell 1s approximately 144 feet and tne inside
dlameter is 60 feet. Tne cylinder is emoedded 26'-6" below grade to the
2xtrenity of the lower ellipsoidal nead. Major penetrations include the air
lack with the fuel transfer equipment, the freight door, and the emergency air

loCk. A nine inch tnick outer sniela wall is located 1nside tne steel

“ontainment snell and extends up to and supports the main crane girder. The
outer snhield wall 1s integral with the concrete internal structures, but is

separated from the steel shell by one-half inch of premolded joint filler,

The general arrangement of the LACBWR reactor building is sncwn in Fig. 3,

Tne steel containment vessel for LACBWR was fabricated and erected
Oy tne Cnicago 8ridge & Iron Company. The vessel was designed to Sections II,
VIII, ana IX of the ASME Boiler ana Pressure Vessel Code with Nuclear Code
Cases 1270N, 1271N, ang 1272N. All plate par:is sudbject to internal pressure
were fapricated from A2018 to A300 steel.

The cylinger and lower heads are fabricated from 1.16 inch thick
plate. The top head is fabricated from 0.60 inch thick plate for the lower
45° segment and 0.705 inch thick plate for the rewainder of the head. The
bottom nead is supported ty the reinforced concrete foundation slab;
adaitional concrete, up to approximately six foot thick, is placed 2bove the

dottom heaa to form the basement and sump floors. No shear ties or other

means of positive anchorage exist between the steel snell and concrete.




ine LaCrosse Boiling Water Reactor buili ing is supported on a total
of 230 steel encased concrete piles. The minimum specified bearing capacity
of the cast-in-place piles is 50 tons per pile. Union Metal Company

mono-tube, cold rolled, seven gage piles were used. The approximate elevation

of pedrock is 507' or an aaditional 73 feet below the average pottom of the

Jrles.

4.Z selsmic Re-evaluation Performed by NES
Tne seismic analysis of the reactor containment building was
performed using a three-dimensional lumped mass stick model. The model is
shown 1n Fig. 4, At each node, only the translational masses were
considered. The masses associated with the rotational adegrees of freedom were

neglected. The steel containment, the outer concrete shield wall and the

inner shield structure were represented by sticks, with nodes on each stick
lined up in a vertical axis. The true locations of the mass center and the
Center of rigidity for the inner shield buiiding were not considered in
constructing the m~gel. However, a constant eccent~icity of 86 inches was
given for all lumped masses of the inner-shield structure.

The soil-structure interaction effects were represented by a set of
frequency independent lumped s0il sprinygs calculated based on the )inear
elastic half space theory. The effects of piles and embedment were not
considered. Tne pest estimate soil shear moduius of 2400 kst was multiplied
or divided by a factor of 1.5 to yield the upper or lower bound estimates
respectively. This calculation was done to account for the possible

uncertainties of the soil properties and the soil-structure interaction




metnodology. It was found that the upper bound estimate of s01] snear modulus

ylelas the nignest shears and bending moments for steel containment and inner
sniela structure. Tne effect of variation of soil aroperties on the moment

responses of tne outer sniela wall ang the ver.ical or axial responses of all

structures were not presented.

Jamping values of 4% and 7% were used for steel and reinforcea
concrete, respectively. These values are consistent with NRC R.G.1.61 values
for stresses just pelow yield. The damping values for soil were not
reported. However, judging from the composite modal damping values presented,
wnich fall between 4% to 7%, it appears that additional damping due to
sotl-structure interaction was not inciuded.

The moaal response spectrum metnod using the STARDYNE computer code
was used. U.S. NRC R.G. 1.92 was cited as the guideline for the compination
of modes and the tnree spatial components of a seismic motion. For the steel
containment ana the outer shield wall, which are symmetric about the vertical
axis, the same stress components due to the gross bending effect of the
seismic load at two locations 90° apart were further conservatively combined
LY SR35. The axial stress due to vertical seismic response was inadvertently
omitted 1n combining the stresses for the steel containment: In general, the
sitresses of the steel containment and outer shield wall due to seismic load
are low compared to the allowable values. The buckling potential of the steel
containment was not checked. The load combination involving design basis

accidents and seismic load was considered to be beyond the scope of this

review.




Excluding the consideration of buckling, the stresses in the steel
containment and the outer shield wall were found to be within the limits
allowed by the ASME B8 & PV code (1977) and the ACI-313-77 code. The area of
reinforcement in the sugport columns of the inner shield structure is below
the minimum specified by the ACI code (318-77). However, the stress
calculation for these columns are not clear.

The piles were evaluated for combined dead load and seismic load.
The axial Toads on a pile due to bending about two horizontal axes induced by
seismic load were combined by the SRSS method. The maximum compressive force
on a pile is 192 kips which is substantially higher than the rated capacity of
100 kips. A maximum tensile force of 42 kips was also found to occur under

seismic conditions.

4.3 Independent Seismic Analysis Performed By SMA

An analytical, multi-stick model representing the reactor
containment building of the LaCrosse Boiling Water Reactor was developed by
SMA. The model included the steel containment vessel, the outer shield wall,
the inner shield structure, and the reactor vessel. Masses were lumped at
nodes, and their geometric eccentricities were taken into account.

Soil flexibility in the present model was accounted for by adding
frequency-independent foundation springs at the base of the model. Stiffness
and damping of each pile was calculated, and a group effect factor was then
applied to the total stiffness to account for the multi-pile group
interaction. The effects of containment vessel and foundation slab embedment

were also added to the corresponding stiffness and damping impedance terms.
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Stiffness proportional composite modal damping in each mode was obtained by
assuming 3 percent of critical gamping for steel and 4 percent of critical
damping for concrete. For the mogal analysis, modal damping was restrictea to
4 maximum of 20 percent of critical.

LOads in tnis analysis were ¢ 'veloped using the sane NRC site
specific norizontal ground response spectra as used in the seismic
re-evaluation performed by NES. Vertical spectra were assumed t¢ be
Lwo-tnirds of the norizontal spectra. A response spectrum analysis was
performed and the modal responses were combined using a modified SRSS method.
Since no steel reinforcement details were available, concrete wall capacities
were assumed to pe those reported in the original LaCrosse FSAR seismic
analysis. The results show that all peak moments in the outer shield wall and
the inner shield wall lie below yield values reported in the LaCrosse FSAR.
Also, all computer shear loads were below ultimate shears. Peak axial loads
and peak moments were also computed for the piles. Since reinforcement
getails for the piles were not availapnle, their capacities could not be
evaluated. Longitudinal ana snear stresses were computed for the steel
containment vessel. [t was shown that those stresses are relatively low, and
the comoination of seismic and dead weignt compressive membrane stresses is

mucn lower than the code allowable buckling stress.

4.4 Review and Discussion of the Seismic Re-evaluation Results
The metnods of calculating the nodal mass and member stiffness for
the stick modal appear reasonable. The number of lumped mass points seems to
pe sufficient to neglect the rotational degrees-of -freedom for each node.
However, negliecting the true locations of the mass center and the center of

rigigity for the inner shield structure needs furtrer justification,
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2011 damping values were conservatively neglected. However, damping
values of 4% ana 7% appear nign for steel and reinforcea concrete at stresses
substantially lower than yield. They are acceptable for thne safety assessment
0T structures only 1f prittle type failures are excluded and 1T the overall
stress level consistent with these damping values can be reached before the
system adynamic behavior were significantly altered due to yielding of certain
Major structural elements. Use of these values would be unconservative for
dgevelopment of in-structure response spectra.

Using linear elastic half space theory to calculate the lumped soil
spring values seems to be a little oversimplified. The effect of piles and

einbeament needs to be considered not only for the calculation of structural

responses but also for the developiment of in-structural response spectra.

To assess the results of the seismic re-evaluation, a comparison of
tne soil-structuare interaction and the natural frequency information between
NES ana SMA analyses is shown in Table 1. There are signified differences in
both the soil spring values and the lowest structural frequencies in three
orthogonal directions for each estimated level of soil shear modulus. It is
pelieved that the differences are mainly due to the SSI methodologies used in
Calculating the soil spring constants, even though some difference in shear
moduli exist. Table 2 shows a comparison of the total loads on the pile group
and the maximum axial tensile and compressive forces on a single pile. In
this taole, it is clear that the upper bound estimate case dominates in both
NES ana SMA results.

Note that wnile the soil spring values and tnhe natural fraquencies
analyzed by NES and by SMA differ, trna total shears and the total m-ment at

the base of the bulding about N-S axis are very close to each other. It is

-16-



not clear why tnere is a significant difference between the moments about tne
two norizontal axes in the NES results (1.73 x 106 Kip-in/rad vs. 2.5 x

lud Kip=in/raa for example) wnhile tne dominating frequencies for these two
directions are very close. uJue to tne nigner total mowent apout the L- axis,
tne maximum compressive ang tensile forces on tne pile in NES results are
sigmificantiy nigner than tnose from >MA's analysis. The NES reported maximum
compressive force of 191.5 kips in the pile is significantly higner tnan tne
rated capacity of 100 xips. NES considereag the ultimate capacity of tne pile
to pe 400 kips. However, justification is needed. Since tension in some
prles was found 1n poth the NES and SMA studies, it is necessary to study the
pile cap connection to determine if it can withstand the maximum tensile force
due to seismic load.

There are no studs or shear ties to transfer tangential force
between the internal concrete structure and the steel containment, and between
steel containment and foundation. [t appears that the friction rather tnan
the oond along the surface of the steel containment is the only tangential
force transfer mechanism. A stability study is needed to determine if tne
steel containment will overturn during a seismic event.

Tne water tank inside the steel containment holds 42,000 gallons of
water. [t is at tne top of the steel containment snell. No study was mnade to
determine the slosnhing effect of the water on the shell. Since the tank is at

such a hign elevation, the seismic effect could be significant.
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Based on the confirmative type of capacity evaluation performed Dy
A wiLhout detailed stress calculation, it appears tnat the reactor
containment building mignt be able to withstand the SSE describea by th NRC
site specific spectrum. However, concerns described above exist in NES
detailed analysis. A list of open items which need further clarification or
Justification is provided in tie following to summnarize the review.

1) Clarify the stress and capacity calculation for the lower

columns of the inner shield structure., Specifically resolve the

discrepency petween calculations on pages B8-208 and 8-222 of Ref. 2.

2) Evaluate the stapility of the containment against overturning

along the interfaces between the internal concrete structure and

the steel containment, petween the steel containment and the
basemat, and between the basemat and the pile group.

3) Justify ignoring piles and embedment in the soil spring
calculation and assess the effect on in-structure response spectra.
4) The ultimate pile capacity of 400 kips is four times the rated
capacity. C(larify tne methodology that was used to derive tnis
numper.

5) Justify the use of a constant eccentricity of 86 inches for the
inner-sniela structure. Address both che center of mass and the
center of rigidity. Evaluate the effect on in-structure response
spectra.

6) Evaluate the sloshing effects in the overhead water storage

tank on the steel containment.
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7)

~+aluate the connection between the piles in tension and the
Dasemat. what 1s the maximum numoer of piles under tension at any
one time?

8) Justify that the assumed structural damping values are acequate
considering potn tne structural responses and the 1n-structure
response spectra. Please note that some modes of vioration might
have little soil-structure interaction phenomena. The neglect of
5011 damping would not reduce the modal damping for tnese modes to

yiela conservative results.

5. TURBINE BUILDING

5.1 Description of Structure

The turbine building contains a major portion of the power plant
equipment. The turdine generator and the associated equipment are in the
South part of the building. The control room and electric equipment room are
In the east and are adjacent to the reactor containment building. The north
portion consists mainly of non-safety related facilities, such as the shower
and locker room, water tank, conference room and etc. A layout plan of the
main floor is shown in Fig. 5 just to give a general ideal apout the general
arrangement of turbine pbuilding.

The turbine building above the main floor outside the control room
area 1s mainly a steel frame structure covered with insulated steel siding.
The roof is a structural steel frame supporting precast concrete slabs. The

builaing pelow the main floor is basically reinforced concrete. [t includes



tne ground floor and a mazzanine floor. The building sits on a group of 311
piles. Mo gescription of tne Dasemat was found in the report. [t is not
clear 1f the pasemat of the building is monlithically connected to the basemat

of tne turpine pedgestal to form a single pirece.

5.2 Seismic Re-evaluation
5.2.1 Seismic Analysis Models

Tnere are tnree lumped mass stick models (Figs. 6, 7, and 8)
used 1n the seismic re-evaluation of the turbine building: 1) building model
#1tnout the turbine pedestal, 2) turbine pedestal model without the building
and 3) compined mogel of the pbuilding ana the turdbine pedestal. The results
of the comoined model was used to evaluate the piles only ana was not cumpared
witn tnose of tne otner two models in the report.

The building dynamic analysis model includes four lumped mass
nodes representing two roof elevations, main floor and mezzanine floor. based
On the reduced matrix size of 12 degrees-of-freedom in the computer output, it
1s pelieved that tne basemat was not lumped as another mass point and was
lgnored. Like the inner shield of the reactor building, the locations of the
center_of mass and the center of rigigity were not actually modeled. Instead,
their effect was represented by assigning an eccentricity equal to 5% of the
builaing aimensions in the corresponding two horizontal axes for the main
floor ana mezzanine floor. Below the main floor, the member properties of the
building model were calculated apout the area centroid of the structural
elements petween two floors. Above the main floor, the structure is

considgered as symmetric about two horizontal axes and the member properties
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were calculatea pased on the stiffness of the bracings and the member
properties of the columns, The soil springs were calculated based on elastic

nalf space theory. Tne effects of piles were not consicered. Also, the

torsional so1l spring was not used.

Tne turpine pedestal ana its pasemat was believed to nave oeen
modeled oy a single lumped mass witn three translational deyrees-of -freeaou
only, Judying from tne computer Output wrich 11sts only three modes. No
description was given regarding the eccentricity of the lumped mass ang the
mass of the pasemat. [t is believed that they were treated in the same manner
as the bullding mogel. The soil springs without the torsional mode were
calculated again using the linear elastic half space theory and neglecting the
effect of piles. The pasement of the turbine foungation is assumed to be
separated from tnat of the building and has a dimension of 26.5' x 71.8'.

The combined model includes the two lumped mass stick models
for the building and the turbine foundation. A rigid link at the basemat
elevation 1s provided to connect these two sticks. The relative position of
these two sticks is based on the area centroids of the force resisting
structural elements apove ground floor of these two structures. The soi!
springs are the same as those of the building model.

There is no description of damping values in the report.
However, it is believed that 7% was used for all modes for all tnree models

since the ground spectrum cerresponding to 7% cnly was used.
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9.2.Z Stress Analysis

Tne structure acove the main floor is mostly structural steel
except for the control room area. [t was analyzed oy a finite element mogel.
Tne structural steel mempers were mogeled 0y beam elements while thne
reinforced concrete was niodelea by plate elements. The envelope acceleration
responses from tne seismic analysis of tne building model were used as tne
input seismic load. [t was found that many steel bracings would be buckled
and gverstressed under the NRC spectrum.

The lower portion of the turbine building is mainly of
reinforced concrete. Tne stress calculation was based on the results of the
builaing seismic analysis model. The stress level is very low compared to the
allowanies.

A finite element model employing beam elements was also used to
calculate tne stresses of the turdine pedestal. The stress level was also
found to pe very low.

The seismic load on piles were calculated from the compined
model for seismic analysis. The maximum force on tne piles due to gead load
ana seismic load was found to be 81.8 kips which is lower than the rated
allowanie load of 100 kips. No tensile force was found in any of the piles.
Tne metnod used in calculating the load on piles implies that the basemat of

the turdine buillding was assumed to be completely rigid.

5.3 Review and Discussion
In constructing the models a thorough job was done in computing the
mass for each lumped mass point. [t is reasonaole to believe that most of the

structural weignt apove the pasemat was accounted for. [t seems that the
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Dasemat was not included as a lumped mass point in any of the three dynamic

models. %0 description of the basemat was given in tne report. [t is also

not clear if tne puilding basemat and the basemat of the turbine pedestal are

separated or form a monolithic piece. Further clarification or justification

1S neeged.

For the builaing seismic analysis model, the calculation of
tors*onal ri1gi1dity ana shear factors needs justification. In all three
5e1smcC analysis models, tne true locations of mass center and tne center of
rigiaity were not accurately modeied. Their effects were ardbitrarily
represented by assigning eccentricities equal to 5% of tne building dimensions
In two norizontal girections. Justification is needed.

Since the turdbine building is not massive consigering the size of
the pasemat, the soil-structure interaction effect may not be siygnificant.

Tne use of half space theory neglecting the pile effect is Judged to be
sufficient. [n this case, the 7% concrete damping, if usea, could pe high for
developing in-structure response spectra. This is not only because of low
stress level out also due to possible low soil-structure interaction effect.
The neglect of soil damping might not necessarily reduce the modal damping.

The basemat is expected to be quite thin and flexible since the
building 1s lignt and has a large horizontal dimension compared to tne
vertical. The flexibility of tne pasemat is further evidenced by the
nonuniform arrangement of the piles. Piles are concentrated in areas where
heavy dead load 1s expected, such as the areas under the intersections of
Column 1ines ana under the columns of the turbine pedestal. Tne calculation

of pile loads based on a rigid pasemat assumption needs justification.



Tne use of envelope peak acceleration response in tne stress
computation 1s conservative, >0me Dracings in the turdbine builaing were founa
LO De overstressed. However, in tne static model, the rather light cross
oracing was considered Lo pe capaole of taking compression. In actuality,
Only tne tension memper would De taking significant load. A model consigering
nalf Of the pracing acting and evaluation of tensile stresses woula pe more
appropriate,

The turpine and turdine pedestal are usually not safety related.
The turbine pedestal seismic analysis was reviewed here since there mignt be
some safety related equipment located close by and tne failure of tne turbine
pedestal mignt endanger the neardy equipment. The stresses in the turbine
pedestal were founi to pe very low. The turbine pedestal stresses are low
enough such that i1t would be adequate even if the soil-structure interaction,
the center of mass and the center of rigidity were not accurately accounted
for. Tne stress analysis of the water tank was not reviewed since the tank is
nOt satety related ana tnere is no safety related equipment close by.

To conclude the review of turbine building seismic re-evaluation, a
1ist of open items, which need further clarification and Justification, are
1gentified pelow.

1) Justify using a constant 5% eccentricity ana neglecting

torsional soil spring. Address both the center of mass and the

Center of rigidity. Justify the calculation of torsional rigidity

and shear factors (see for example, page A-64 of Ref. 3). Evaluate

the effect on in-structure response spectra.
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2) Provide description of the turbine building basemat. Evaluate
also the seismic capacity of the basemat. Consider the F1exibi1ity
of basemat and justify the methods used in calculating the pile
axial load.

3) Verify the connection between building basemat and the turbine
pedestal basemat. Compare the results of the combined seismic
model with those of the separate models and justify which model is
correct. Verify also that the connectivity assumed in structural
models reflect the actual field conditions and is consistent with
the analytical results. This applies also to other structures.

4) Clarify if the basemat is considered as a Tumped mass in the
seismic analysis models. Justify if it is not.

5) Many bracings are predicted to be over stressed under seismic
lcad. The model usad does not reflect the actual behavior of this
type of system. Modifications need to be done, or a different
model analyzed. If the bracings are not to be modified, discuss
the effect of its failure. If ductile response is assumed, verify
that the connections have sufficient capacity to allow the
development of ultimate member strength.

6) Justify the damping values used.

6 1-8 DIESEL GENERATOR BUILDING

6.1 Description of Structure
The 1-8 diesel generator building is a single story structural

steel braced frame structure. It is divided into diese! generator room,

electrical equipment room and battery room by concrete block walls. The
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exterior walls are also constructed of concrete blocks. All block walls are
nollow ana are not reinforced. The roof is a steel frame structure with
urecast ligntweignt concrete panels except an 8'-6" x 21'-10" reinforced
concrete slan. The pasement 1s a 2-foot thick pilie supported reinforced
cuncrete slab. A 2-inch gap is provided between tne pasement of the )-8
diesel yenerator ouillding and the turpine buillaing to avoia interference in
selsimc movements. Nineteen concrete filled piles with a design load capacity

Of 50 tons each were used. A gyeneral layout plan is snown in Fig. 9.

6.2 Seismic Re-evaluation

A dynamic analysis of 1-8 diesel generator builaing was not
performed. An equivalent seismic load equal to 1.5 times the peak
acceleration of the NRC site specific response spectrum was used. This
resulted in a 0.315g uniform building acceleration in the two horizontal
directions. The vertical seismic response was taken as 2/3 of the horizontal.

The concrete block walls, the precast concrete roof panels, and the
reinforced concrete roof slab were not relied upon to carry the seismic load
In the purlaing integrity assessiment., Tney are assumed to be attached to the
steel frame structure. A detailed finite element static analysis model of tne
structural steel was constructed to perform the stress computation. The loads
considered are dead load, live load and seismic load. The stresses are all
within the aliowanle values calculated in accordance with the AISC code. The

Column anchorage details are capable of withstanding the seismic loads.
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The precast concrete roof panels and the reinforced concrete raof
slab were evaluated separately, The member stresses were found to be within
the calculated allowable values based on the ultimate strength design method
defined in ACI code. The concrete block walls were not evaluated and included
in this analysis. The pile foundation was analyzed. The maximum compressive
load of 109 kips is greater Lhan its rated capacity of 100 kips. No tensile
force was found in any of the piles. The pile-basement connectisns were not

evaluated,

6.3 Review and Discussion

The methodology and criteria used in the seismic re-evaluation of
the 1-8 deisel generator building appear reasonable. The equivalent seismic
load of 1.5 times the peak acceleration of the grouna spectrum is
conservative. All the structural elements were evaluated and the stresses
were found to be within allowable values except the maximum pile compressive
load of 109 ¥ips. However, the pile overstress is not much greater than the
rated capacity of 100 kips. This is acceptable considering the fact that the
seismic load was generated conservatively.

[n summary, the 1-8 diesel generator building steel frames are
believed to be able to withstand the postulated seismic event. The
un-reinforced hollow concrete block walls were =0t evaluated. The assessment
of these walls should be performed and submitted for review if there is any
safety related equipment located nearby. The stresses in the concrete precast
roof panels are significantly lower than the ultimats strength. However, the

connections between the panels and roof stoel framing were not evaluated as to




the possipility that the panels might fall from the roof. The precast roof
panels and the concrete olock walls will pe discussea further in Section 8.1.
Tne following open item needs further evaluation:

I) ULocument that the yap between the |-8 diesel yenerator bullaing

anc the turdine puliding is sufficient to preclude interaction

petween tnem,

~J

LALowr STACK ANU GENUA 3 STACK

7s Uescription of Structures

Tne LACBWR stack (Fig. 10) is a 350 feet nign tapered reinforced
concrete chimney. [t nas an outside diameter of 7.19 feet and a wall
thickness of 6 inches at tne top. The outside diameter and wal) tn1CKnes;
Increase from top to bottom and reach 24.72 feet and 15 inches at the bottom.
A cluster of 78 piles supports a 4-foot foundation mat. Each pile is 60 feet
long with a minimum capacity of 50 tons.

Tne Genoa 3 stack (Figure 11) is a 500 foot nigh, tapered
reinforced concrete cnimney. [t has an outside diameter of 17.42 feet and a
wall tnickness of 7 inches at the top. The outside diameter and wall
thickness at tne pottom are 38.20 feet and 24 inches, respectively. The stack
Nas an independent steel liner, which is a cylinder of 15.25 feet in diameter

for most of its neignt. The liner bells out at its pase and is supported on a
concrete pedestal. Tne basemat is a 75 foot octagow reinforced concrete slab
that varies from 3'-6" to 7'-0" in thickness. The basemat is directly

Supported on soil., No piles were used.
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?id Seismic Re-evaluation

Luinped inass stick models were used for tne seismic anatyses of tne
stacks. These modeis are snown in Fiyures 10 and 11. Only translational
degrees of freedon are considered at eacn lunped mass point. ! appears that
a system damping of 7% was used Judging frowm the fact that yround spectrum
with 7% damping only was used in the analysis.

The soil-structure interaction effect was representes by a sat of
frequency 1ngependent soil springs calculated from the linear elastic half
space theory. Two soil shear moduli, 1000 ksf and 3000 ksf, were used to
account for the possible variation in soi) properties.

For each stack, seismic analyses were performed for two shear
Modull using the response spectrum method. Tne closeness of the natural
frequencies ana the moment responses throughout the neignt calculated from
tnese two shear moduli for each stack inagicates that the soil-structure
interaction effect is very small.

Tne stacks were analyzed using the ultimate strength design method
precentea by Cannon and Boop (Ref. 14)., The acceptable ultimate stress values
as given in the ACI 318-77 Design Code were used to calculate the ultimate
moment and snear capacities of the stack cross-sections uncer dead load and
seismic load. The ultimate shear capacity of the stacks was found to be
consideranly greater than the seismic shears. The seismic moment exceeds the
uitimate moment capacities of the stacks for the upper portion of the stacks.
Figs. 12 ana 13 show the seismic moment and ultimate moment capacity along the

neignt of the stacks and indicate the possib e failure zones.
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The stability of the Genoa 3 stack was evaluated and a 5.9 factor
of safety indicates that the stack will not overturn under seismic
conditions. No stability analysis was performed for the LACBWR stack, however.
[t was concluded that the stacks will experience failure at the
top. However the failed section will not hit any safety related structures
and equipment. The surviving bottom section will remain upright and attached

to its basemat.

7.3 Review and Discussion

The seismic analysis methodology and models for the LACBWR stack
and Genoa 3 stack appear reasonable. The conclusion from the study of soil
structure interaction effect using different soil shear moduli is that the
soil-structure interaction effect is negligible. The use of linear elastic
half space theory neglecting the effect of piles is acceptable in this case.
The use of 7% damping might be slightly unconservative for the evaluation of
basemat and for the consideration of overall stability in view of the fact
that while the upper portion of the stack is highly stressed, the lower
portion is still far below ultimate strength.

Ultimate strength design methods using ACI-318-77 code were used
instead of ACI-307-79, which governs chimney design and does not yet allow the
use of the ultimate strength method. ACI-318-77 design code applies to solid
member cross-sections. However, it might not be appropriate for hollow
circular chimney sections. It is necessary to calculate the seismic capacity
of these stacks using ACI-307-79 design code with passible higher allowable
stress limits permitted by NRC (0.8 fc' for concrete and 0.9 fy for steel)

(Ref. 11).
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USNKC R.G. 1.92 was used in tne analysis of both stacks. However,

1T 15 not clear now it was actually applieg regaraing the treatment of the
tnree spatial components of an eartnguake. [f the maximum stresses at two
pPOINTS YU deyrees apart in the nuop airection were compined Dy SRSS as in the
steel containment, tne reported resuits coulg be conservative. Tnis woula
provide sowe reliref on tne loads contained 1n tne report.

Tne Genoa 3 stack report indicates that a preliminary analysis of
the oCtayonal pasemat of tne wenoa 3 stack found it to de sligntly
overstressed. The report also stated that a detailed finite element model was
to oe developed for further evaluation. The seismic and dead weight loadings
and the soil pearing pressure aistributions were sent to Dames & Moore to
conrirm that the soil could to withstana these loads. However, the getailed
information regarding the Genoa 3 basemat finite element model and the soil
Dearing capacity was not received for review. The detailed information should
De reviewed as soon as it becomes availaple.

Tne LACSWR stack report states that the basemat was evaluated and
will not pe overstressed and the piles were found to meet tre requirements.
However, there is no detailed information given regarding these analyses.

The stability of the LACBWR stack was not analyzed. If the tensile
capapility of piles is relied upon for stack stapility, the basemat, the pile
Caps and the piles should be evaluated in terms of the tension force that can

be carried.

8ased on the above review and discussion, the following open items

are identified.




1) Calculate the seismic capacity of the stack using ACI-307-79
aesign code witn possinle higner allowanle stress limits permitted
Dy the NRC (0.8 fc' for concrete ana 0.9 fy for steel), .1d to
Coimpare witn the ex1sting results obtaineda from the ultimate
stiength design metnod.

2)

-

Provide the stapility analyses of the LACSWR stack and document
thne detailed evaluation of pasemat and piles, including tne
Dasemat-pile connection.

3) Document tne finite element analysis of thne Genoa 3 stack

Dasemat and the assessment of the soil pearing capacity.

3.  REVIEW OF MISCELLANEQUS ITEMS

8.1 Concrete slock Walls and Concrete Roof Panels

[t 1s not clear if there are any concrete ~lock walls inside the
reactor containment puilding and the turbine building. The concrete dleck
walls in the 1-B diesel generator building were not evaluated. These walls
are hollow and are not reinforced. They are expected to have only a limited
Capacity to carry seismic load.

Precast roof panels were used in the turbine building and the 1-8
diesel generator builaing. The precast roof panels in the 1-8 aiesel
generator puilding were evaluated for the dead load, the live load and the
seismic load. The stresses were found to be substantially lower than the
ultimate load capacity. No evaluation of precast roof panels in the turbine

builaing was found in the report. Neilther report discussed whether the
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connections petween the roof panel and tne steel roof framing would prevent
tne rouf panels from falling during an earthquake.
Two open items are igentified below:
1) Is tnere any safety related equipment located near concrete
olock walls. If so, evaluate tne walls or consequence of their
failure, inciuaing the effects of alteration of gross or local
structural response.
Z) Evaluate connections of precast roof paneis 1n tne turbine
bullding ano the 1-8 diesel generator building or consequences of
the panels falling. Evaluate also the adequacy of the rvof panels

in the turpine building.

8.2 Field Erected Tanks and Buried Piping or Tunnels
There is no safety related.fiela erected tanks and buried piping.
However, it 1s not clear if there is a tunnel on site that houses safety
related piping or equipment. A response from the licensee un the following
open item 1s needed:
1) Evaluate tunnels housing safety-related piping or equipment, if

any,
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Table 2 Total Shear/Moment on the Pile Group and the Maximum compression and tension on a single pile

NES SMA
B - LB BE UB LB BE uB
Shear N-S dir, NA NA 1899 1640 1870 1940
Seismic (kips) E-W dir. NA NA 1893 1640 1850 1930

Load  Moment N-S axis NA 1.50 x 10° 173 x 10®° 1.37 x 10° 1.60 x 10® 1.61 x 10°
(kip-in) E-W axis NA 2.38 x 10°  2.60 x 10 1.31 x 10®°  1.60 x 10 1.62 x 10°

Axial (kips) - NA 1573 1511 NA NA NA
Dead Load (kips) 17100 17100 17100 20100 20100 20100
Max. Compression (kips) 191.6 105.9

Max. Tension (kips)

'

41.8 9.9



Table ]

Shear
modulus, G(ksf)

Effect
of piles?

SS1 ; Effect

of Embedment?

Translation(k/in)

Vertical(k/in)

Horiz. N-§S
Lowest
Frequency
in

Horiz., E-W

Vertical

Torsion(k-in/rad)

Rocking(k-in/rad)

R ——

Comparison of the SSI information and the natural frequencies of the dynamic

LB AC I 5B 5 L S S
ﬂo - "M_N‘m*No Tl —7No Yes Yes Yes
No No No Yes Yes Yes
21.4 x 103 3200 x 103 48.2 x 103 240 x 103 48.2 x W03 62.3 x 103
2.53x 107  3.80x 107  £.20x10% 1.9 x 107 3.00 x 109 4.30 x 107
23.5 x 103 35.3 x 103 53.0 x 103 48.1 x 103 73.4 x 103 104.4 x 103
3.85 x 107  5.77 x 109 8.66 x 109  1.70 x 109 3.50 x 109 4.50 x 109
| 1.55 1.88 2.25 1.27 1.60 .86
1.55 1.87 2.24 1.27 .59 1.87
0.09 4.97 6.03 4.72 5.80 6.4

models prepared by NES and SMA
SMA



APPENDIX A

REVIEW SUMMARY UF THE SEISAIC RE-EVALUATIUN PRUGRAM PLAN

[TeM

[. 3011 and Foungation

A.

B.

Ce

U.

II. Structural

A.

6.

20422/24 G

Rock Site

501l Site

0 Feundation [nput

0 Generation of time history
0 Modeling technique

0 Computer Codes

uescription of Foundation

Free Field Input Spectrum

List and Description of Category I

Structures or Structures Affecting

Category | systems or Components

Modeliny Techniques

0

0

0

0

Damping
Stiffness modeling
Mass Moaeling

Consideration of 3-0D effects

seismic Analysis Methods

0

Response Spectrum, time history

or equivalent static analysis

«36-

ADDRESSED?

n/a

yes
yes
yes
no

yes

yes

yes

yes
yes
yes

yes

yes

AUEQUATE?

n/a

yes
no

no

yes

no
no

no

yes

(7)

(2)
(3)

(4)

(5)
(6)
(6)
(6)
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N

0

0

Selection of significant modes
Relative displacements

Modal combinations

Three component 1nput

Floor spectra generation

Peak proaagening

Load combination

Analytical Lriteria

0

Codes andg criteria, including

AISC, ACI and NUREG/CR-0098

Computer Codes

0

Description and verification

37

yes

no
no

J€s
yes

no

yes

yes

yes

yes
no (8)
no (8)

yes

yes

no (9)



Comments

l.

5.

A tlne history wnose spectrum envelops the R.G. 1.60 shape at 0.12 g
snould pe adequate for the reactor containment building; however, review
will oe required. Time histories for other builaings, if used, were not
availaole and were not reviewed.

The reactor building and LACBWR stack are supported on pile foundations.
No description of the basemat for the turbine builaing is availavle.

An NRC site specific spectrum was used. The original work done by Gulf
United for reactor containment puilding in-structure response spectra
used a 0.12 g R.G. 1.60 spectrum. This envelops the NRC site specific
spectrum at 0.105 g.

NRC staff will determine the completeness of tne list.

The damping values used for the seismic safety assessment of buildings
and sTacks are reasonable. No in-structure response spectra were
availaple for review. [t 1s not clear what structural damping values
were used in developing in-structure response spectra. The level of
dairping used should correspond to the stress level actually predicted for
the puillaing structures.

It is not clear if the mass of the turbine building basemat nas been
included 1n the dynamic analysis models. The treatment of the mass
center and the center of rigidity in the reactor containment building and
the turdine ouilding needs Justification. In aadition, the calculation
of shear area and torsional rigidity is not clear.

The piles and the embedment were ignored in soil spring calculations.

-38-

20422/24 G



8. If a component support is located away from the center of rigidity, the
effect of torsional response of the puilding should be included in the
floor spectrum used to analyze the component.

There are no In-structure response spectra received for review. NES
stated that, for tne reactor containment builaing, the floor response
spectra ageveloped by Gulf United Services using the ola 2-0 model were
usea in the seismic re-evaluation of piping systems and equipment. While
tne Input ground spectra are conservative compared tc the NRC site
specific spectrum, there is no study performed to demonstrate that tne
ola ¢-0 model yielas conservative floor spectra. Further justification
1S needed.

9. It is not known if the computer codes mentioned have been officially
verified. From the review of the reports submitted during the meeting
held in the NES office on August 10 and 11, 1982, it seems that STARDYNE
1s the only computer code used. STARDYNE is a public domain program.
License is not required to verify and to document this program.
Clarification is needed if there are other in-house computer programs

used.
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An evaluation of the capacity of the La Crosse containment struc-
ture to withstand seismic loads was conducted as part of the Systematic
Evaluation Program (SEP). Seismic loads were determined using the site
specific ground response spectra with a peak ground acceleration of 0.11g
developed by Lawrence L{ivermore National Laboratory (LLNL). No thermal
or pressure loads were considered 1n the present study.

A Tumped-mass stick model was developed for the containment
structure. Sofl-structure interaction was accounted for by zdding
springs at the base of the structure., Stiffness and damping properties
of the soil springs were evaluated by adding the effect of reactor vessel
and foundation slab embedment to the impedances of the pile foundation.
Composite modal damping in each mode was limited to 20 percent of
critical. A response spectra analysis was carried out, and a modified
square-root-of -the-sum-of -the-squares (SRSS) method was used to calculate
the response of the contaimment structure.

A comparison of the results with the original seismic analysis
indicates that all moments and shears are less than the ultimate moment
and shear capacities reported in the La Crosse FSAR., The analysis also
indicates that the steel contaimment vessel stresses remain relatively
Tow and no damage due to buckling of the shell is expected. Individual
pile peak axial loads and peak moments were also computed,
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SUMMARY

An analytical, multi-stick model representing the containment
structure of the La Crosse nuclear power plant was developed. The model
fncluded the steel containment vessel, the outer shield wall, the inner
shield wall, and the reactor vessel. Masses of the containment structure

were lumped at nodes, and their geometric eccentricities were taken into
account,

Soi1 flexibility in the present model was accounted for by
adding frequency-1independent foundation springs at the base of the model.
Stiffness and damping of each pile was calculated, and a group effect
factor was then applied to the total stiffness to account for the multi-
pile group interaction. The effects of reactor vessel and foundation
slab embedment were also added to the corresponding stiffness and damping
impedance terms. Stiffness proportional composite mcdal damping in each
mode was obtained by assuming 3 percent of critical damping for steel and
4 percent of critical damping for concrete. For the modal analysis,
modal damping was restricted to a maximum of 20 percent of critical.

Loads in the present analysis were developed using the LLNL 0.1lg
site specific horizontal ground response spectra scaled. Vertical spectra
were 2ssumed to be two-thirds of the horizontai spectra. No effects of
LOCA or other external load conditions were combined with the seismic
loads. A response spectra analysis was performed and the modal responses
were combined using a modified SRSS method. Since no steel reinforcement
details were available, concrete wall capacities were assumed to be those
reported in the original La Crosse FSAR seismic analysis. The results
show that all peak moments in the outer shield wall and the inner shield
wall lie below yield values reported in the La Crosse FSAR. Also, all
computed shear loads were below ultimate shears. Peak axial loads and
peak moments were also computed for the piles. Since reinforcement




details for the piles were not available, their capacities could not be
evaluated. Longitudinal and shear stresses were computed for the steel
containment vessel. It was shown that those stresses are relatively low,
and the combination of seismic and dead weight compressive membhrane
stresses 1s much Tower than the code allowable buciling stress.
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1. INTRODUCTION

The La Crosse Boiling Water Reactor is owned and operated by the
Dairyland Power Cooperative of La Crosse, Wisconsin. The site is located
on the bank of the Mississippi River approximately one mile south of
Genoa, Wisconsin. The plant was designed to produce 48 MW of net electri-
cal power. Allis-Chalmers Manufacturing Company designed and supplied
the nuclear steam supply system (NSSS) and Sargent & Lundy Engineers was
- the architect-engineer. Commercial operation was achieved in 1969. An
initial seismic evaluation of the LACBWR containment building was
conducted in 1974 by Gulf United Nuclear Fuels Company (Reference 1) and
an ongoing study is currently being conducted by Nuclear Energy Services,
Inc. (Reference 2).

This report describes the work done to reassess the seismic
adequacy of the La Crosse Boiling Water Peactor (LACBWR) reactor building
structure. As part of the Systematic Evaluation Program (SEP), Lawrence
Livermore National Laboratory (LLNL) is conducting an evaluation of the
capacity of a number of operating reactors subjected to combined seismic
and Loss-of-Coolant-Accident (LOCA) loads. This work is being performed
for the U.S. Nuclear Regulatory Commission (NRC) and is a continuation of
an evaluation previously conducted by LLNL to assess the seismic adequacy
of a number of these plants. This report describes the work done by
Structurai Mechanics Associates, Inc. to determine the capacity of the
LACBWR containment building and concrete internal structures to withstand
the seismic load conditions. Ne effects of LOCA loads or other extreme
load conditions are combined with the seismic 2ad normal operating loads
in this report. The recults of this work were also used to evaluate the
licenser's seismic reevaluation program.

1.1 SCOPE OF EVALUATION

The scope and level of detail of the anaysis for review of the
SEP plants are significantly different from those that would be required
if the review were being conducted in accordance with the current version
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of the Standard Review Plan. Also, the assumptions made in modeling are
not necessarily as conservative as those used in a design analysis and
the acceptance criteria may, in some cases, be less restrictive. The SEP

approach is to fdentify safety issues and provide a balanced, integrated
approzch to assessing capacity.

This assessment of LACBWR focuses on the integrityv of the
containment building. The original intent of the evaluation was to
concentrate on the overall behavior of the containment building to
withstand the combined seismic and LOCA pressure and thermal loads, and
to fdentify any areas where additional effort is required. Therefore,
numerous details such as hatches and penetrations are not included. The
containment shell {s assumed to be adequately reinforced around these
openings so that the effects of these discontinuities on the overall
containment shell response are assumed to be small. No Jet impingement
or pipe whip forces are being considered during this phase of the SEP,
Thus, analytical techniques and models capable of describing the overall
behavior of the structure to the prescribed load condition are considered
adequate without the need to concentrate on local effects and details.

In the evaluation described in this report, no effects of LOCA
were included as was originally planned. This was at the direction of the
NRC. Since the original scope included only an evaluation of the
integrity of the containment vessel, no in-structure response spectra
were generated, and no seismic capacities of piping or equioment were in-
vestigated. Although the assessment of the containment vessel inteqrity
does not normally require a detailed consideration of the reactor building
internal structures, some results are included in this report since they
are a direct result of the coverall structure seismic mode!l analysis.

1.2 EVALUATION CRITERIA

In general, the current review is not based on demonstratinag
compliance with specific design codes or other current acceptance
criteria. This has also been the approach used to date in conducting the
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sefsmic evaluation of the SEP plants (Reference 2). While capacity
reduction factors (¢ factors) and similar approaches are necessary in the
design codes, the evaluation conducted for LACBWR 1s based on unfactored
loads. However, some original loads used in the LACBWR design as obtained
from the FSAR are also included for comparison, although the calculations

used to develop the design loads were not reviewed nor were the design
stress analyses available.

The load combination investigated for the SEP includes the normal
operating loads together with the seismic loads resulting from the Safe
Shutdewn Earthquake (SSE). Other factored load combinations such as
would be required for current licensing analyses were not considered. The
SSE loads were developed for a 0.11g peak ground acceleration earthquake.
The site specific earthquake characteristics fncluding the peak ground
acceleration level and corresponding free-field ground response spectra
were developed for the LACBWR site by LLNL (Reference 4).
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2. STRUCTURE DESCRIPTION

The La Crosse reactor containment building 1s a welded steel
cylinder with reinforced concrete internal structures. The cylinder has
a hemispherical upper dome which encloses an integral 42,000 gallon water
storage tank. The Tower steel head 1s ellipsoidal and is supported by a
reinforced concrete, pile supported, foundation which is approximately
three feet thick. Additional concrete is placed above the lower head to
form the basement floor and support the concrete internal structures.
The overall height of the containment shell 1s approximately 144 feet and
the inside diameter is 60 feet. Grade elevation is 639'-0". The cylinder
s embedded 26'-6" below grade to the extremity of the lower ellipsoidal
head. Major penetrations ars located at near-grade and include the air
Tock with the fuel transfer equipment, the freight door, and the emergency
air Jock. The centerline of the reactor core is located at elevation
660'- 2-1/2" and the main operating floor is at elevation 701'-0". A nine
fnch thick outer shield wall is located inside the steel containment shell
and extends wp to and supports the main crane girder. The outer shield
wall 1s integral with the concrete internal structures, but is separated
from the steel shell by one-half inch of premolded joint filler. The
general arrangement of the LACBWR reactor building is shown in Figure 2-1.

2.1 STEEL CONTAINMENT VESSEL

The steel containment vessel for LACBWR was fahricated and
erected by the Chicago Bridge & Iron Company. The vessel was designed
using 52 psig and -0.5 psig design pressures to Sections II, VIII, and IX
of the ASME Boiler and Pressure Vessel Code with Nuclear Code Cases 1270N,
1271N, and 1272N. Design temperatures were 280°F maximum and -20°F
minimum. A1l plate parts subject to internal pressure were fabricated
from A2018 to A300 steel with Charpy keyhole test of 15 ft-1b at -50°F.
A1l butt welds were 100% radiographed.
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The inside radius of the cylinder and the hemisperical top head
s 30'-0". The overall height 1s 144' - 1-3/32" inside plate dimension.
The cylinder and lower heads are fabricated from 1.16 inch thick plate.
The top head is fabricated from 0.60 inch thick plate for the lower 45°
segment and 0.705 inch thick plate for the remainder of the head. The
bottom head is supported by the reinforced concrete foundation siab and
additional concrete up to approximately six foot thick s placed zbove
the bottom head to form the basement and sump floors. No shear ties or
other means of positive anchorage exist between the steel shell and
concrete.

2.2 PILE FOUNDATION
The La Crosse Boiling Water Reactor building 1s supported on a

total of 230 steel encased concrete piles. The minimun specified bearing
capacity of the cast in-place piles 1s 50 tons per pile (Reference 5).
Union Metal Company mono-tube, cold rolled, seven gage piles were used.
The bottom section had a tip diameter of eight inches and was tapered
0.14 inches per foot over a 30 foot length to the 12 inch butt diameter.
The final length of the pile was attained using a constant 12 inch
diameter extension with the same gage as the bottom section.

The piles were driven from an average elevation of approximately
609'. The appropriate resistance to develop the 50 ton capacity was
generally encountered between elevations 577' to 581'. No Jetting or pre-
boring was necessary. The piles are all vertical and no batter angle used
for any of the piles. The approximate elevation of bedrock is 507' or an
additional 73 feet below the average bottom of the piles.
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FIGURE 2-1: LACROSSE BOILING WATER REACTOR BUILDING
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3. ORIGINAL ANALYSIS

The design and construction of the La Crosse Boiling Water
Reactor were completed before current seismic licensing criteria for
nuclear power plants were firmly established. However, a seismic analysis
of the important LACBWR structures and some equipment was conducted in
1974 by Gulf United Services (Reference 1). These calculations were not
reviewed as part of the SEP. However, some results for the reactor
- building are included in this report for comparison with those generated
in the current investigation.

3.1 GEOTECHNICAL INVESTIGATION

As part of the initial seismic analysis, a geotechnical investi-
gation was conducted by Dames & Moore (Reference 1). This investigation
included an evaluation of the site seismicity, geology, and liquefaction
potential.

3.1.1 Seismicity Evaluation

Included in the geotechnical investigation are an evaluation of
the historical seismicity of the area and a recommendation of the Safe
Shutdown Earthquake (SSE) characteristics for the site. A peak horizontal
ground acceleration level of 0.12g for the SSE was devel~ned for the site.
The horizontal ground response spectra recommended for use in the original
analysis are shown on Figure 3-1 from Reference 1.

3.1.2 Geology Evaluation

The LACBWR structures including the reactor building are situated
on 15 to 20 feet of hydraulically placed fill. The hydraulic fill
overlies approximately 100 to 130 feet of glac’al outwash and fluvial

deposits. The bedrock below the site consists of nearly flatlying sand-
stones and shales.
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Boring logs from prior investigations as well as those drilled
as part of the Dames & Moore investigation were used to develop the
profile of the soil characteristics. The soil beneath the reactor
building consists of fine-to-medium sands with shear wave velocities in
the 820 to 917 ft/sec range. Although characteristics of the soil are
described for various layers, with the possible exception of the hydraulic
fill, the soils exhibit a very uniform gradation down to bedrock without
significant discontinuities in the soil values. Table 3-1 from Refer-
ence 1 shows the soil overburden configuration, and Table 3-2 lists the
engineering properties including the shear strain effects for the 0.12g
SSE earthquake.

3.2 STRUCTURE SEISMIC ANALYSIS

The inftial seismic analysis of the LACBWR structures included
the development of a two-dimensional model of the reactor containment
building.

3.2.1 Reactor Building Structural Model

The initial reactor model was a lumped-mass shear beam model
with a total of 36 masses. The model included a representation of the
outer steel shell, the concrete internal structure and biological
shielding, the reactor vessel, the water storage tank, and the pile
foundation (Figure 3-2). The structure foundation system was analyzed
using the SIM Code, an acronym standing for Structure-In-Medium which
utilized the free-free beam modes as input.

3.2.2 Pile Foundation Mode)

The original stiffness and damping of the pile foundation were
developed using a single equivalent beam for the piles. The details of
the calculations used to develop the equivalent beam were not available
for review. Apparently, the stiffness was determined from the summation
of the individual pile stiffnesses with no reduction for pile group
effects. The mass of the soil within the pile groun was included but no
stiffness was attributed to this soil. FElast ¢ half-space freguency
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independent springs and dashpots were computed assuming a rigid disk with
the same dimensions of the foundation slab. However, these springs and
dashpots were apparently attached at a location corresponding to the
bottom of the piles. Also, an embedment stiffness was included which
appears to have been developed for a single equivalent cylinder
representing the pile group. These two assumptions would imply that
plane sections through pile group would remain plane under lateral load
conditions. In addition, a dashpot was added to account for the pile
damping which was developed from Reference 6 for cylinders buried in foam.

3.2.3 Structure Response

Using the soil-structure interaction model described above,
shears and moments throughout the structure model were computed using a
time history analysis. The peak values for the SSE are plotted in
Figures 3-3 and 3-4,

A stress evaluation for the LACBWR reactor building based on the
seismic loads described above was also conducted. At several locations
fn the lower elevations, the maximum seismic moment was found to exceed
the yield moment capacity. A1l seismic moments were found to be less than
the ultimate moment capacity of the structure, and no seismic shear loads
were found to be in excess of the ultimate shear capacities throughout
the structure.

An evaluation of the water sloshing in the top head storage tank
was also conducted in the original analysis. A separate analysis was
conducted using an equivalent circular cylindrical tank and the seismic
fnput from the reactor building structural model. Low stresses in the
tank were computed.



TABLE 3-1

SOIL OVERBURDEN CONFIGURATION

Depth to
Soil Thickness Bottom Dry Weight
Layer (ft) (ft) (pcf Description
1 18 18 105 Hydraulic fi11, medium sand
2 12 30 101 Fine to medium sand
3 70 100 107 Fine to medium sand, some
fine gravel
a4 15 115 124 Fine to medium sand, some
fine to medium gravel
5 20 135 115 Fine to medium sand, some
fine to medium gravel




TABLE 3-2

STRAIN COMPATIBLE SOIL PROPERTIFS FOR
0.12 G SSE MOTION A

TION SURF.

Shear Damping Shear RMS Shear
Zone Soil Modulus Ratio Speed Strain
Number Layer (PSF x 10%) b3 (FPS) 3
1 1 0.997 11.5 553 0.318 x 1072
2 2 2.16 5.0 830 0.356 x 102
3 3 1.94 8.1 820 0.601 x 10”2
4 3 2.23 8.8 820 0.715 x 1072
5 3 2.51 9.3 869 0.800 x 102
6 : 2.65 3.0 829 0.880 x 1072
7 5 3.01 3.5 917 0.892 x 102
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4. SEISMIC MODEL

The evaluation of the capacity of the La Crosse Boiling Water
Reactor for the SEP was conducted using a new soil-structure interaction
mode]l of the reactor building. The original scope of work was to
evaluate the conta.nment vessel for combined seismic and LOCA loads. The
concrete internal structure (inner and outer shielding) and reactor
vessel were included in the model since they could influence the
containment vessel response. However, no other items of equipment were
fncluded as discrete elements, and no in-structure response spectra or
time-histories wer2 developed since no investigation of the piping or
equipment seismic capacity was included in this effort. The SEP
evaluation of the structure to include LOCA 1oads was subsequently
discontinued.

4.1 SEISMIC INPUT

The seismic analysis of the LACBWR reactor building conducted
for the SEP was based on the site specific spectra developed by LLNL
(Reference 4). Figure 4-1 shows the 5% damped site specific spectrum,
For vertical input, two-thirds of the horizontal spectra were used. The
peak horizontal ground acceleration for the site specific spectra is
approximately 0.11g. This may be compared to the 0.12g peak ground
acceleration used in the original seismic analysis. A comparison of the
5% damped spectra for the LACBWR site developed by LLNL (Reference 4) and
by Dames & Mocre (Reference 1) is shown in Figure 4-2. Throughout the
frequency range of interest, the original analysis spectrum is seen to
considerably exceed the site specific spectrum used for the SEP
evaluation. Since the analysis for this investigation was based on
response spectrum analysis, no artificial earthquake time-histories were
generated nor were any actual earthquake records used as input.




4.2 SOIL PROPERTIES

The soil properties used in the current SEP evaluation were based
on values developed by Dames & Moore for the original sefsmic investiga-
tion (Reference 1). Shear modulus and hysteretic soil damping for the
overburden are shown in Table 3-2. The values include the effects of the
sofl strains expected for the 0.12g SSE. In the original seismic investi-
gation, only one value of each soil property was used. However, in
accordance with Reference 7, a range of soil properties was used for the
current evaluation in order to account for both the soil uncertainties,
including some variation with depth, as well as the pile-soil interaction.

The site specific earthquake for the LACBWR site (Reference 4)
has a peak ground acceleration of 0.11g. This is nearly the same peak
ground acceleration as was used in the original seismic analysis.

Although the free-field ground response spectra exhibit somewhat different
shapes in the amplified region of the spectra, it is expected that the
soil strains for both earthquakes will be comparable. Consequently, no
modifications for soil-strain effects were made for the SEP analysis
beyond those originally developed by Dames & Moore.

As shown in Table 3-2, some variation of the soil properties
with depth is indicated. A weighted average of all the soil zones
identified by Dames & Moore results in a best estimate shear modulus of
approximately 2.37 x 106 psf. An average of the more important zones
where the piles are founded results in a shear modulus of approximately
2.11 x 106 psf. For the SEP investigation reported here, a best
estimate for the soil-shear modulus of 2.23 x 106 psf and shear wave
velocity of 820 fps was judged to adequately represent the overburden
with the exception of the hydraulic fill layer. The 2.23 x 106 psf
value corresponds to Zone 4 identified in Reference 1. Figure 4-3 shows
the original Dames & Moore soil properties for the hydraulic fi11 layer
and Figure 4-4 shows the properties for Zone 4 which is judged to ade-
quately represent the remainder of the overburden for the best estimate
case. A weighted average of the soil hysteretic damping expected in the
overburden results in a value of approximately 7% of critical.
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In order to account for the uncertainty in the soil properties,
a range of sofl properties was used in determining the sofl foundation
stiffness. Reference 7 recommends a value for the lower bound soil shear
modulus of 50% of the best estimate high strain shear modulus, and 90% of
the best estimate low strain modulus for the upper bound soil modulus.
For the current evaluation, this recommendation was used for the Tower
bound case which results in a 1.12 x 106 psf shear modulus. Following
the recommendations of Reference 7 for the upper bound case results in an
fncrease of less than 12% above the best estimate case, however, There-
fore, in order to account for a greater possible uncertainty in the soi!
properties, a sofl shear modulus equal to 3.35 x 106 psf, or a 50%
fncrease above the best estimate, was used for this investigation.

Hysteretic sofl damping equal to 7% was assumed for both the upper and
lower bound conditions.

4.3 PILE FOUNDATION

Effects of pile foundation on the response of La Crosse contain-
ment were taken into account by adding soil springs at the base of the
structure. An approximate method developed by Novak (References 8 and 9)
was used to calculate stiffness and damping properties of a single pile.
A group effect factor was then applied to the total stiffness of all
piles to account for pile group interaction (Reference 10). The approach
to the problem is described in the following paragraphs.

In general, stiffness and damping of foundations on elastic soil
are frequency dependent. However, for the current analysis, a set of
frequency independent stiffness and damping terms are calculated. It is
shown (Reference 8) that the effect of frequency is not very strong in
the frequencies typical of piles, and therefore the above assumption is
considered justified. Soil-shear modulus is assumed to vary parabolically
with depth, and the value of shear modulus at the pile tip (G¢) is varied
+ 50 percent. The important parameters affecting the stiffness and
damping of a single friction pile are /Gt/E , o/o , 2/r, and Vp/Ve,
where Gy = sofl-shear modulus at the tip, E = Young?s modulus of pile,

o /pp = ratio of soil density to pile density, i/r = ratio of pile length
to pile radius, and Vp/V¢ = ratio of shear wave velocity below tip to
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shear wave velocity at tip. Of the above parameters, the slenderness
ratio (¢/r) and Gy /E ratio have a more profound effect on pile stiffness
and damping. Table 4-1 shows stiffness and damping for a single pile for
three values of sofl shear modulus, 1.e., upper bound, best estimate, and
Tower bourd. Rocking and torsfonal stiffness and damping effects are
considered negligible for a single pile in comparison to the overall
group pile foundation rocking and torsion values. In general, damping is
seen to increase for the softer sofl conditions., Stiffness values are
seen to decrease with lower soil meduli but not in direct proportion
indicating the effects of the relative stiffness of the pile itself which
_ remains constant. Once individual pile stif ness and damping are deter-
mined, the cverall foundation stiffness and damping can be determined as
follows:

K. = ol vertical translation

K. = -E—-k horizontal translation

| —

n
KW = izc:lk“xiz rockng
n
. E;ikuriz Torsion

In the above equations, the left hand side represents an overall
foundation stiffness, n is the total rumber of piles, Cy and c, ar2 grouo
interaction factors (Reference 10), x; 1s the distance from the
rotational axis in rocking to pile i, and r; is the distance from center
of rotation in torsion to pile i. For the present analysis, it was
assumed that all piles are fixed in the pile cap, although attachment
details were not available for review, Also, the interaction term
between rocking and horizontal translation was neglected in computing the
foundation impedance terms. It may be noted that the damping terms,
which are represented as complex stiffness terms in this approach, are
treated exactly the same as stiffness terms. The effects of reactor
vessel and foundation slab embedment on stiffness and damping impedance
terms were computed separately (Reference 11) and added to their
corresponding terms,.

>
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in order to account for possible separation of the containment
vessel from the soil due to lack of tensile capacity of the cohesionless
5011, only one-half the theoretical embedment effect was used in this
anilysis. Overail foundation stiffness and damping for the wpper and
Tower bound soil shear moduli, as well as the best estimate shear
modulus, are listed in Table 4-2,

Showr in Table 4-3 s a comparison of the solution for a footing
on an elastic half-space with the present model using best estimate of
soil-shear modulus. The last column of Table 4-3 lists values of
stiffness and damping for the pile grouw without any embedment effects,
Comparison of the last two columns of Table 4-3 reveals that taking into
account the embedment effect increases damping for all modes of
vibration, but stiffnesses are increased only slightly over the pile
grow without foundation embedment. It has been noted in the literature
that the use of piles decreases geometric damping, particularly in the
horizontal translation mode (Reference 13). Therefore, the foundation
embedment in this case contributes relatively heavily to the overall
foundation geometric damping. As mentioned previously, in addition to
the geometric damping values listed in Tables 4-2 and 4-3, soil
hysteretic damping equal to 7 percent of critical was also added to all
three sofl cases for the seismic response analysis.

4.4 STRUCTURE MODEL

In the present study, the reactor building and its inner
structures were modeled as several three-dimensional beam sticks, with
the masses lumped at the nodes. The structure is essentially symmetric
about the N-S axis. This axis is denoted by X in the following
discussfon. Stiffnesses and masses for the steel containment, outer
shield structure, and the inner shield structure were computed
separate’y. The mathematical model for the reactor vessel used in the
original anaysis was employed in the current analysis. It was included
in case its seismic response could influence the overall structure
response, However, no details of the reactor vessel were available to
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independently determine its dynamic characteristics and the original
calculations were not checked as part of the 5.7 analvsis. The {nner and
outer shield walls are closely coupled due to the stiffness of the
connecting diaphragms and shear walls. Therefore, the masses of both
inner and outer shield walls at a given elevation, except for the reactor
vessel, were lumped together. The water tank was modeled as several
elements including a sloshing mode connected to steel containment., Sofl
flexibility was accounted for by adding the pile foundation springs,
described in the previous section, at the base of the model.

Nodal connectivity in the model is shown in Figure 4-5. The
beam stick between rodes 18 and 48 represents the reactor vessel, and the
water tank is in between nodes 70 and 74. Nodal coordinates for the
model shown in Figure 4-5 are listed in Table 4-4, Locations of the
nodal masses in the N-S plane and their respective elevations are
depicted in Figure 4-6, and their values are listed in Table 4-3, It may
be noted that the reactor building masses, including the reactor ve:sal,
are eccentric with =espect to the centerline of the building in most
cases. For instance, the reactor vessel {is eccentric 30 inches from the
centerline of the building. The locations of the centers of resistance
for the beam stick models of the reactor building are shown in Figure
4-7. Comparing Figures 4-6 and 4-7 shows that for most elevations, the
center of mass and center of resistance of the building do not coincide,
For the present amalysis, the sticks representing the outer shield wall
and the inner shield wall are connnected with stiff elements at every
elevation point representing the stiff shear .;alls and concrete
diaphragms.

This madel assumes that although there is 1/2" premolded joint

expansion filler bet tae outer shield wall and the steel containment
vessel, they wo'' ' “<; sce horizontally together. Taking into considera-
tion elastic p o - # the expansion filler material and the dimen-

sions of the stiucture, (1 is most unlikely that the two stick models can
respond with any significant relative horizontal displacement between the



concreie and steel. No vertical shear connection between the steel
c-1tainment vessel and the outer shield wall was assumed, however., Table
4-6 1ists all the beam section properties, and Table 4-7 lists all the
beam elements, their connectivity, material property (steel vs concrete),
and section properties as described in Table 4-6.

For the present analysis, material damping of 3 percent of
critical for steel and 4 percent of critical for concrete were assumed.
These values for material damping are consistant with the SEP guidelines
(Reference 3) for damping under working stress conditions, i.e., less
than about one-half yield point. Stiffness proportional composite modal
damping in each mode, including the soil damping, were computed for all
three soi]l cases. For the actual response spectra analysis, modal
damping including soil hysteretic damping was limited to a maximum of 20
percent of critical. Modal damping ratios for the three soil cases are
listed in Table 4-8.
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SINGLE PILE STIFFNESS AND DAMPING FOR THE THREE SOIL CASES

TABLE 4-1

Mode of Vibration

Impedance

Upper Bound
Soil Modulus

Best Estimate
Soil Modulus

Lower Bound
Soil Modulus

Vert. Translation

Horiz. Translation

Stiffness (k/in)

Damping (%)

Stiffness (k/in)

Damping (%)

3970
3.2

616
3.0

3100
6.4

486
6.1

2035
22

260
19




TABLE 4-2

FOUNDATION STIFFNESS AND DAMPING INCLUDING THE EFFECT OF EMBEDMENT

6-v

Upper Bound Best Estimate Lower Bound
Mode of Vibration Impedance Soil Modulus Soil Modulus Soil Modulus
Vertical Translation| Stiffness (k/in) 104,400 73,400 48,100
Damping (%) 14 14 17
Horiz. Translation Stiffness (k/in) 62,300 48,200 24,000
Damping (%) 24 24 31
9 9 9
Rocking Stiffness 4.3 x 10 3.0 x 10 1.9 x 10
(in-k/rad)
Damping (%) 2 2.3 3.5
9 9 9
Torsion Stiffness 4.5 x 10 3.5x 10 1.7 x 10
(in-k/rad)
Damping (%) 90 91 119




or-v

TABLE 4-3

COMPARISON OF HALF-SPACE SOLUTIONS WITH CALCULATED STIFFNESS AND DAMPING USING

BEST ESTIMATE OF SOIL SHEAR MODULUS

T

Half-Space w/o Piles Piles Piles
Vibration Mode Impedance or Embedment w/Embedment w/0 Embedment
Vertical Translation| Stiffness (k/in) 31,000 73,400 69,900
Damping (%) 4] 14 2
Horiz. Translation Stiffness (k/in) 26,300 48,200 43,000
Damping (%) 23 24 3.8
9 9 9
Rocking Stiffness 2.7 x 10 3.0x 10 2.6 x 10
(in-k/rad)
Damping (%) 1.0 2.3 0.6
. 9 9 9
Torsion Stiffness 3.7 x 10 3.5x 10 3.4 x 10
(in-k/rad)
Damping (%) 38 91 14




NODAL POINT COORDINATES (IN)

TABLE 4-4

Node X Coord. Y Coord. Z Coord.
1 0.000 0.000 0.000
2 0.000 0.000 108.000
3 84.000 0.000 108.000
4 0.000 0.000 186.000
5 11.000 0.000 186.000
6 84.000 0.000 186.000
7 95.000 0.000 186.000
8 0.000 0.000 277.200
9 84.000 0.000 277.200

10 95.000 0.000 277.200
11 100.000 0.000 277.200
12 150.000 0.000 277.200
13 0.000 0.000 369.000
14 33.000 0.000 369.000
15 72.000 0.000 369.000
16 100.000 0.000 369.000
17 150.000 0.000 369.000
18 30.000 0.000 369.000
19 30.000 0.000 429.000
20 30.000 0.000 450.500
21 0.000 0.000 466.300
22 33.000 0.000 466.300
23 81.000 0.000 466.300
24 150.000 0.000 466.300
25 30.000 0.000 490.600
26 30.000 0.000 534.500
27 0.000 0.000 563.400
28 33.000 0.000 563.400
29 81.000 0.000 563.400
30 94.000 0.000 563.400
31 124.000 0.000 563.400
32 150.000 0.000 563.400
33 30.000 0.000 578.500
34 30.000 0.000 629.400
35 30.000 0.000 680.000
36 0.000 0.000 660.000
37 56.000 0.000 660.000
38 81.000 0.000 660.000
39 124.000 0.000 660.000
40 30.000 0.000 730.900
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TABLE 4-4 (Continued)

NODAL POINT COORDINATES (IN)

X Coord. Y Coord, Z Coord.
0.000 0.000 742.600
52.000 0.000 742.600
81.000 0.000 742.600
110.000 0.000 742.600
124.000 0.000 742.600
30.000 0.000 781.800
30.000 0.000 825.000
30.000 0.000 861.100
0.000 0.000 825.000
52.000 0.000 825.000
110.000 0.000 825.000
0.000 0.000 206.000
52.000 0.000 906.000
69.000 0.000 906.000
110.000 0.000 906.000
0.000 0.000 987.000
52.000 0.000 . 987.000
69.000 0.000 987.000
110.000 0.000 978.000
0.000 0.000 1068.9200
27.000 0.000 1068.000
52.000 0.000 1068. 000
110.000 0.000 1068200
0.000 0.000 1215.000
-29.000 0.000 1215.000
0.000 0.000 1374.000
0.000 0.000 1458.000
0.000 0.000 1542.000
0.000 0.000 1626.000
0.000 0.000 1680.000
0.000 0.000 1590.000
0.000 0.000 1626.000
0.000 0.000 1735.200
0.000 0.000 1542.000
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TABLE 4-5
NODAL MASSES
umgr { Lkip-::f:g/in ) '('?ifi’f“é?::éz’)‘ i ,ff;{",‘,’_’":e"ctz)' ?1‘:.5(?3-":::’)2
1 7.41 2.3x10° 2.3x10° 4.6x10°
2 3.53 1.3x10° 1.3x10° 2.6x10°
5 3.14 1.2x10° 1.2x10° 2.4x10°
1 2.35 6.5x10° 5.8x10° 1.2x10°
15 5.46 1.5x10° 1.3x10° 2.8x10°
19 0.145 0 0 0
20 0.147 0 0 0
23 4.05 8.9x10° 7.7x10° 1.7x10°
25 0.153 0 0 0
26 0.164 0 0 0
30 3.29 8.1x10% 6.7x10° 1.5x10°
33 0.174 0 0 0
34 0.174 0 0 0
35 0.174 0 0 0
37 5.36 1.5x10° 1.4x10° 2.9x10°
40 0.163 0 0 0
a4 2.12 6.1x10° a.9x10° 1.1x10°
a6 0.140 0 0 0
a7 0.109 0 0 0
51 2.04 6.1x10° a.9x10° 1.1x10°
54 1.67 5.0x10% a.5x10% 9.5x10°
58 1.67 5.0x10° a.5x10° 9.5x10%
61 4.92 1.3x10° 1.3x10° 2.6x10°
65 1.20 7.4x10° 6.7x10% 1.4x10°
66 1.24 6.7x10° 6.7x10% 1.3x10°
67 | 0.07 0 0 0
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TABLE 4-5 (Continued)

NODAL MASSES

Node Mass Hass-Momentzx Mass- Momenth1 Mass Moment f
Number | (kip-sec?/in) | (in-kip-sec®) | (in-kip-sec*) (in-kip-sec?

68 0.07 0 0 0

69 0.07 0 0 0

70 0.28 0 0 0

71 0.26 0 0 0

72 0.44 0 0 0

73 0.02 0 0 0

74 0.03 0 0 0
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BEAM GEOMETRIC PROPERTIES

TABLE 4-6

Section Axial Area Shear Area Shear Area Torsion Inertia Inertia
Number A(1) A(2) A(3) J(1) 1(2) 1(3)
1 . 1000E+07 . 1000E+07 . 1000E+07 .2000E+13 .1000E+13 .1000E+13
2 .2090E+03 .1110E+03 .1110E+03 .5600E+06 .2B00E+06 .2800E+06
3 .2600E+03 .1380E+03 . 1380E+03 .1140E+06 .5700E+05 .5700E+05
4 .6280E+03 .3330E+03 .3330E+03 .1600E+07 .BOOOE+06 .B000E+06
5 .3960E+03 .2100E+03 .2100E+03 .4000E+06 .2000E+06 .2000E+06
6 .2500E+04 .1323E+04 .1323E+04 . 3000E+09 . 1500E+09 . 1500E+09
7 .2620E+04 .1390E+04 . 1390E+04 .3400E+09 .1700E+09 .1700E+09
8 .1338E+04 .7090E+03 .7090E+03 .1700E+09 .8400E+08 .8400E+08
9 .1259E+04 .6670E+03 .6670E+03 . 1400E+09 . 7000E+08 . 7000E+08
10 . 1086E+04 .5750E+03 .5750E+03 .9000E+08 .4500E+08 .4500E+08
11 .8360E+03 .4430E+03 .4430E+03 . 3000E+08 . 1500E+08 . 1500E+08
12 .4150E+03 .2200E+03 .2200E+03 . 3400E+07 . 1700E+07 .1700E+07
13 .6080E+03 .3220E+03 .3220E+03 .1600E+08 . 7900E+07 .7900E+07
14 .7700E+03 .4080E+03 .4080E+03 .3200E+08 . 1600E+08 . 1600E+08
15 .8210E+03 .4350E+03 .4350E+03 .3900E+08 . 1950E+08 .1950E+08
16 . 2200E+06 . 1150E+06 . 1150E+06 .2800E+11 .1400E+11 .1400E+11
17 .3370E+05 . 1070E+05 .2800E+05 .3100E+10 .1320€E+10 . 1800E+10
18 .4880E+05 . 1070E+05 .3910E+05 .3520E+10 .1320E+10 .2200E+10
19 .3480E+05 . 1070E+05 .2510E+05 .3320E+10 .1320E+10 .2000E+10
20 .3240E+05 .1070E+05 L2270E+05 .3320E+10 .1320E+10 .2000E+10
21 . 2040E+05 .1070E+05 . 1070E+05 .2640E+10 .1320E+10 .1320E+10
22 .1510E+05 . 1200E+05 .9000E+04 .2000E+09 . 7500E+08 .1300E+09
23 . 1730E+05 . 1380E+05 . 1040E+05 .2300E+09 . 7500E+08 . 1600E+09
24 .5960E+05 .4770E+05 .3580E+05 .1200E+10 .5700E+09 .6200E+09
25 .5430E+05 .4340E+05 .3260E+05 .8600E+09 .2340E+09 .6260E+09
26 .4590E+05 .3670E+05 .2750E+05 .5500E+09 . 1750E+09 .3760E.09
27 . 1580E+02 0. 0. . 1000E-01 .1000E-01 .1000E-01




TABLE 4-7

BEAM ELEMENT DATA
(Material: 1 = Concrete, 2 = Steel)

Node Node Material Section
Beam Number -1 -J Nuaber Number

1 1 2 Z 1
2 2 3 2 1
3 4 5 2 1
4 5 6 2 1
5 6 7 2 1
6 8 9 2 1
7 9 10 2 1
8 10 11 2 1
9 11 12 2 1
10 13 14 2 1
11 14 15 2 1
12 15 16 2 1
13 16 17 2 1
14 21 22 2 1
15 22 23 2 1
16 23 24 2 1
17 27 28 2 1
18 28 29 2 1
19 29 30 2 1
20 30 31 2 1
21 31 32 2 1
22 36 37 2 1
23 37 38 2 1
24 38 39 2 1
25 4] 42 2 1
26 4?2 43 2 1
27 43 44 2 1
28 44 45 2 1
29 49 50 2 1
30 50 51 2 1
31 52 53 2 1
32 53 54 2 1
33 54 55 2 1
34 56 57 2 1
35 57 58 2 1
36 58 59 2 1
37 60 61 2 1
38 61 62 2 1
39 62 63 2 1
40 18 13 2 1
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TABLE 4-7 (Continued)

BEAM ELEMENT DATA

(Material: 1 = Concrete, 2 = Steel)

Node Node Material Section
Beam Number -1 -J Number Number
41 47 49 2 27
42 64 65 2 1
43 18 19 2 1
44 19 20 2 2
45 20 25 2 3
46 25 26 2 4
47 26 33 2 4
48 33 34 2 4
49 34 35 2 4
50 35 40 2 4
51 40 46 2 4
52 46 47 2 4
53 47 48 2 5
54 2 4 2 6
55 4 8 2 6
56 8 13 2 6
57 13 21 2 6
58 21 27 2 6
59 27 36 2 6
60 36 4] 2 6
61 4] 49 2 b
62 49 52 2 6
63 52 56 2 6
64 56 60 2 6
65 60 64 2 6
66 64 66 2 7
67 66 67 2 8
68 67 68 2 9
69 68 69 2 10
70 69 70 2 11
71 70 73 2 12
72 74 71 2 13
73 71 72 2 14
74 72 70 2 15
75 2 4 1 16
76 7 10 1 17
77 12 17 1 18
78 17 24 1 18
79 24 32 1 18
80 31 39 1 19
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TABLE 4-7 (Continued)

BEAM ELEMENT DATA

(Material: 1 = Concrete, 2 = Steel)

Node Node Material Section
Ream Number -1 -J Number Number

81 39 45 1 19
82 44 51 1 20
83 51 55 1 20
84 55 59 1 <0
85 59 63 1 20
86 60 64 1 21
87 64 66 1 21
88 3 6 1 22
89 6 9 1 22
90 11 16 1 23
91 14 22 1 24

z 22 28 1 24
93 29 38 1 25
94 38 43 1 25
95 42 50 1 26
96 50 53 1 26
97 53 57 1 26
98 57 62 1 26
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TABLE 4-8

MODAL DAMPINGS FOR RESPONSE SPECTRA ANALYSIS

Modal Dampings
Mode Upper Bound G Best Estimate G Lower Bound G
1 0.11 0.11 0.13
2 0.11 C.11 0.13
3 0.03 0.03 0.20
4 0.20 0.20 0.03
5 0.20 0.20 0.20
6 0.20 0.20 0.20
7 0.20 0.20 0.20
8 0.06 0.05 0.04
9 0.06 0.05 0.04
10 0.03 0.03 0.03
11 0.10 0.09 0.07
12 0.04 0.04 0.04
13 0.04 0.04 0.04
14 0.03 0.03 0.03
15 0.04 0.04 0.04
16 0.03 0.04 0.04
17 0.03 0.03 0.03
18 0.04 0.04 0.04
19 0.03 0.03 0.03
20 0.03 0.03 0.03
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S. SEISMIC RESPONSE

5.1 STRUCT'JRE RESPONSE

Natural frequencies and mode shapes of the La Crosse structural
model described in Chapter 4 were found using a modified version of the
computer program SAP IV (Reference 12). Tables 5-1, 5-2, and 5-3 list
the first 20 structural frequencies and describe the dominant modes of
vibration for each soil case. A response spectrum approach was used to
calculate the response of the structure to the site specific spectra for
various modal frequencies and damping values. Vertical response was
found by scaling the site spacific horizontal spectra by 2/3. A modified
square-root-of-the-sum-of -the-squares (SRSS) approach was used to combine
the modal response. In this approach, a1l modes having closely spaced
frequencies were assembled into groups, and the response of each group
was found by taking the sum of the absolute responses. The total
response is then obtained by taking the square-root-of-the-sum-of-the-
squares of the response for each group and the remaining modes.

Figures 5-1 through 5-24 show shear diagrams for the outer
shield structure, steel containment, the inner shield structure, and the
total shear diagram for all three soil cases. Moment diagrams for these
cases are shown in Figures 5-25 through 5-42., A comparison of peak
seismic shear and moment with the La Crosse FSAR seismic analysis
performed by Gulf United is presented in Tables 5-4 and 5-5. In the Gulf
United model, the outer shield concrete and the steel containment were
modeled together with one stick below elevation 726'-6". Steel reinforce-
ment details in concrete were not available for the SEP review. As a
result, values of yield moment, ultimate moment and ultimate shear
capacities were assumed to be those calculated in the original La Crosse
seismic analysis. Based on this assumption, Tables 5-4 and 5-5 show that
the peak seismic shears and moments in the foundation, the inner shield
wall and the outer shield wall are all below their corresponding ultimate
shears and moments. In fact, the present analysis indicates that all
computed moments are below yield moments.
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In order to find the peak moment and axial load acting on an
individual pile, maximum base chear, base moment, and base torsional
moment from the response spectra analysis were applied on the foundation.
A rocking moment on the foundation induces axial forces on the piles
which are comhined with the dead weightt loads. Total dead 1oad on the
piles is equal to weight of the contairment minus weight of the displaced
soil. Dead load was assumed to be uniformly distributed among the piles.
Peak axial loads on any indiv.dual piie were found to be 9.9 kips in
tension and 105.9 kips in compression. Torsion and shear on the founda-
tion induce shear loads in the piles. Assuming that the piles are fixed
in the cap, moment in a pile may be computed from the stiffness coupling
terms between horizontal translation and rocking. Peak moment on a pile
was calculated tc be 241 kip-in. Since details of the reinforcement in
the piles were nct available, no determination of the axial and moment
capacities of piles could be made in the present study.

The minimum design capacity of the piles was specified as 50 tons
per pile or 100 kips. It is expected that the maximum additional 5.9
kips above the minimum design 1cad can be accepted by the pile with no
distress since piles of this type are expected. to have a substantial
strength margin beyond the axial design value. The details of the pile
caps are unknown. Some tension capacity probably exists. If this is
exceeded, some relative motion between the pile caps and the foundation
slab may occur for the piles in locations of maximum tension. This would
introduce a small amount of nonlinearity into the seismic response, as
well as a slight shift in the pi.e foundation neutral axis, and a slight
increase in the maximum comprecsive loads in the piles on the opposite
side of the foundation. None of these effects are expected to result in
significant variation in the seismic response of the structure or in
significant structural damage for the 0.11g earthquake. It is recom-
mended that the ability of the pile to withstand the bending moment te
verified if the details of the pile reinforcing can be determ<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>