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Mr. Frank Linder
General Manager s

Dairyland Power Cooperative <
,

2615 East Avenue South -

Lacrosse, Wisconsin 64601
. .

Dear Mr. Linder:

SUBJECT: SEP TOPICS III-6, SEISHIC DESIGN CONSIDERATI0ffS
AND III-11, COMP 0NENT INTEGRITY
LACROSSEBOILINGWATERREACTOR(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 u .

{~ and that your evaluations of LACBWR are incomplete. Therefore, the con-

clusions presented in the evaluation may be revised should new infomation
be presented in later Dairyland Power Cooperative scismic reports.-

.1

Based upon the NRC staff and its consultants review of the analyses and
critecia supplied by the licensee for structures, piping, equipnent and
componcats, we cannot conclude that these analyses are adequate, further, bCD,f

e

as indicated in the enclosure, many analyses for piping, equipment and f N
cmponents are yet to be performed. Schedules for the completion of g usg{3SJ
all . required analyses and implementation of modifica*. ions shown to be

f nechssary based upon your completed analyses have not been provided. g
We acknowledge that NRR management personnel met with DPC representatives (,,* 3g/g[on several occasions and permitted the SEP seismic analysis schedule to

j be deferred pending results of utility risk assessment studies. However,
I recent conversations with DPC indicate that no fonnal relief requests are

| planned until completion of the SEP Integrated Assessment.
,

This evaluation will be a basic input to the integrated safety assessment
for your facility unless you identify changes needed to reflect the
as-built conditions at your facility. With respect to the potential'

modifications and open items outlined in tt.s report, a determination of
| the need to actually implement these or other changes will be made during

the same integrated assessment. This topic assessment may be revised in'
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the future if your facility design is changed or it NRC criteria relating
to this topic are modified before the integrated assessment is completed.

,

Sincerely,,

.
,

b

gjeg.T ap1M/ ~-'

,i .

Dennis H. Crutchfield, Chief
Operating Reactors Branch No. S
Division of Licensing,,

Enclosure: .

As stated

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

CC
Fritz Schubert, Esquire U. S. Environmental Protection
Staff Attorney Agency
Dairyland Power Cooperative Federal Activities Branch.

2615 East Avenue South Region V Office
La Crosse, Wisconsin 54601 ATTN: Regional Radiation Representative

230 South Dearborn Street
O. S. Heistand, Jr. , Esquire Chicago, Illinois 60604'
Morgan, Lewis & Bockius
1800 M Street, N. W. James G. Keppler, Regional Administrator
Washington, D. C. 20036 Nuclear Regulatory Comission, Region III-

799 Roosevelt Road
Mr. John Parkyn Glen Ellyn Illinois 60137
La Crosse Boiling Water Reactor
Dairyland Power Cooperative Mr. Ralph S. Decker
P. O. Box 275 Route 4, Box 190D
Genoa, Wisconsin 54632 Cambridge, Maryland 21613

Mr. George R. Nygaard Charles Bechhoefer, Esq., Chairman,

Coulee Region Energy Coalition Atomic Safety and Licensing Board
2307 East Avenue U. S. Nuclear Regulatory Comission
La Crosse, Wisconsin 54601 Washington, D. C. 20555

Dr. Lawrence R. Quarles Dr. George C. Anderson
Kendal at Longwood, Apt. 51 Department of Oceanography
Kenneth Square, Pennsylvania 19348 University of Washington

Seattle, Washington 98195
U. S. Nuclear Regulatory Comission
Reside *nt Inspectors Office
Rural Route #1, Box 276 -

Genoa, Wisconsin 54632

Town Chairman
Town of Genoa
Route 1
Genoa, Wisconsin 54632

Chairman, Public Service Comission
of Wisconsin

Hill Farms State Office Building -

Madison, Wisconsin 53702
,
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LACBWR-1*

SYSTEMATIC EVALUATION PROGRAM

TOPICS III-6 AND III-11
LACROSSE BOILING WATER REACTOR

TOPICS: III-6, SEISMIC DESIGN CONSIDERATIONS
111-11, COMPONENT INTEGRITY

I. 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
pl ants.

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 plant 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 requirenents.

Group II: 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 seimiic design, the
Lacrosse Boiling Water Reactor (LACBWR) was placed in Group II for
raview.

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 53rgent & Lundy Engineers as
architect-engineers for the project and the Maxon Construction Company

_
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as constructors. The Construction 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 Gul f Atanic. 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 seismic review of the LACBWR facility addressed only the Safe
Shutdown Earthquake (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.

II. REVIEW CRITERIA

Since tha SEP Group II plants were not designed to current codes,
standards, and NRC requirements, it was necessary to perfonn "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.
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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 III-6, Seismic Design Considerations, Staff Guidelines
for Seismic Evaluation Criteria for the SEP Group 11 Plants,"
dated July 26, 1982.

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

For the cases that are not covered by the criteria stated above, the
following 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.

III, RELATED TOPICS AND INTERFACES

The SEP topics related to the review of Seismic Design Considerations
and Component Integrity are II-4, II-4. A, II-4.B. and II-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 i,n 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) perfonning seismic analysis after staff accept-
ance of the proposed program, and providing the final 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 perfonned 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 judged to be adequately designed
if:

1. The analyses are sufficient to adequately determine structural
' ^onses consisting of member loads, and floor response spectrae

; ,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 fron 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 responses.

If the above criteria are not satisfied, more comprehensive reanalyses
are required to demonstrate design adequacy. Section Il criteria 1
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

.
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The pip'ng response stresses are in conformance with the criteria2. i
contained in References 4 and 5; or

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

If the above criteria are not satisfied, more comprehensive reanalyses
are required to demonstrate design adequacy. Section II criteria 1
through 5 provide the basic guidelines for all evaluations, in conjunc-
tion with the previously referenced SRP and Regulatory 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 LACBWR 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 Hazards Analysis Program (Ref. 6) conducted by the staff
and its consultant, Lawrence Livemore 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 Illinois) 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.



.. _ . . . ,

-6-

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 cooling 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, analytical 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:

1. 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 Unresolved 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 anr' 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 1982, describes in detail the results of our review of
the licensee's structural evaluations Attachment 3, the Structural
Mechanics Associates (SMA) report "Strucural Review of the Lacrosse
Boiling Water Reactor Under Seismic Loads for the Systematic Evaluation
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Progrw , eted September 1982, describes an NRC sponsored independent
seismic alal,' sis of the LACBWR containment structure and foms the
basis for .ertair conclusions drawn in Attachment 2. Attachment 4, the
EG8G repor+ - Techn: cal Evaluation of Lacrosse Boiling Water Reactor
Power Stati m Seise.c Design," dated September 1982, describes in
detail the rewlu. v ' os review of the licensee's piping, equipment and
component evalua*. ions

The licensee has " Muted the Reactor Containment Building, the Turbine
Building, the 1-B Onesel 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
there are not safety-related tunnels or, if there are, evaluates them.
This conclusion is based upon the licensee's installation of the
Emergency Service Water System.

The fol!owir,g piping and equipment have been evaluated by the licensee:
the shutdown condenser and f atform, the feedwater piping system, the
main steam piping system, the recirculation 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 detemine 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 6 July 28,1980 letter to the NRC on the subject that tha anchorage
portion had been completed. Pumps and valves were not included in the
licensee's evaluations. Additional deficiencies in the licensee's scope
of seismic review are listed in Attachment 4. Therefore, the scope of the
licensee's analyses 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. Insuf ficient 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.



- %

.

\

-8-

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 not intend to expend further
resources on the seismic evaluation of the LACBWR, since this may
not be economically justi fied. 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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1. SUMMARY OF FINDINGS

The seismic analysis of La Crosse Beiling Water Reactor (LACBNR)

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 Earthquake (OBE or !SSE).
,

5

The hori: ental ground motion for the SSE event was specified in the

form of response spectrum curves confo =ing with the Regulatory Guide 1.60.

A ground time history, which envelopes the specified 2'. damping response

spectrtn, 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 deconvalution

process in the frequancy domain. The soil layers 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 analysis 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 also modeled by beam

elements and lumped masses. The SSE or isSSE criteria pulse was input at all

pile nodes with the magnitude of the pulse scaled with depth accord'ing to the

" shear bea=" study to account for soil amplification effects.

The response spectrum method was used in the scismic analysis of most

major piping systems and equipment. The hori: ental floor spectra were generated

from the time history analysis of the structure. The vertical spectrum was

taken as two-thirds of the hori: ental ground acceleration (no amplification).

1
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The horizontal and vertical acceleration were applied simultaneously. The.

modal responses were combined by the square-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 sqjor structural components in the Reactor Containment Building are

adequagt for the SSE event, the LACBWR and Genoa III stacks would collapse

under SSt 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

performed by Nuclear Energy Services, additional seismic restraints were also

recom= ended for most piping systems.a

.

.
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2. INTRODUCTIONO
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 availabic 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 three groups

respectively considered in Section 4, S, and 6 of the report.

1. Llajor Structural Systems and their foundations

2. Major Piping and their Supports

3. Major Mechanical and Electrical Equipment and their Supports

Summary tables of seismic design and analysis method of the above three

groups are given for quick reference.

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.

O

3.
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2.2 AVAILABLE DOCUMENTS

The documents related to license application of all U.S. Nuclear

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

Maryland. The docket number for Palisades Plant is 50409. The compiled *

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

is comprised of the following documents: '

1. LACBWR Safety Analysis Report - Draft (July 1978)

2. Seismic Analysis Report by Gulf United Services, 1974

3. Seismic Analysis Reports by Nucicar Energy Services, Inc.,

1975-1978

4. Letters and correspondence among utility, NRC and other

agencies

5. Technical reports on various subj ects, i.e. , technical,

[g specification, operation, abnormal occurrence, inspections,

modifications in design, application for conversion from
.

POL to FTOL, etc.

6. LACBWR Safeguards Report for Operating Authori:stion,

Allis-Chalmers, 1965

2.3 STATUS OF SEISMIC DATA

1. Most of plant descriptions and design criteria are found

in Safety Analysis Report.
,

2 '. Fbst of scismic analysis data of structural systems are

found in Gulf United Services' report.
.

3. Most of scismic analysis data of piping systems and equipment
.

.

are found in Nucicar Energy Services' reports.

(:)
~

-
-
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3. GENERAL INFOR)1ATION

O
3.1 PRINCIPAL DESIGN FEATURES

.

(Reference 1 and 2)

The LACBWR is a nuclear power plant of nominal 50 blw 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 Flississippi River in
.

Vernon County, Wisconsin, approximately one mile south of the village of

Genoa, Wisconsin, and approximately 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

conventional 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 n

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 de,inerali:er system, domestic water heater,

turbine oil reservoir, oil tanks and pumps, turbine condenser, unit auxiliary

transformer, 2400 volt and 480 volt batterics, inverter set and other

electrical, pneumatic, mechanical and hydraulic systems and equipment

O required f- a c-g1ete g - r glant. A w S-t - cag= city, pendant-everated

overhead c1cetric traveling crane spans the turbine building. The crane ha

access to major equipment items located below the floor through numerous
*

,
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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, personncI change and decontamination facilities,
.

heating, ventilating and air cenditioning 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, oil pump house, warehouse, construction and

contractor office buildings, outdoor fuel oil and acid storage tanks,

underground septic tanks and condenser circulating water discharge seal well.,

3.2 INDENTIFICATION OF AGENTS AND CONTRACTORS

(Reference 1)

LACBWR was designed and constructed by Allis-Chalmers Manufacturing

Company and is operating by Dairyland Power 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 Authori:ation

No. DPRA-5, issued July 3, 1967, which authori:ed Allis-Chalmers to use and

operate the reactor 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-6 was

issued to Diarylan ' Power Cooperative; "On October 9,1974, an npplication,

,

for conversion of Provisional Operating License No. DPR-45 for LACBER to

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

S.
.
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to the U. S. AEC.

0 3.4 SITE GEOLOGY AND SEISHOLOGY

-

(Reference 2)

LACBWR is situated within the Central Stable Region of the North

American continent. This region includes the dense igneous and metamorphic

rocks of the Canadian Shield and adjacent early Palco:oic sedimentary strata.-

The geological structure of the Central Stable Region is relatively simple.

Very little structurt.1 activity other than uplift and subsidence has

occurred in this quiescent area since Protero:oic 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
O

of nearly flat-lying sandstones and shales of the Dresbach Group (Upper
4

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

FN Intensity VI shock with its epicenter close to the site. The estimated
'

maximum hori: ental 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:ed by comparing the anticipated ,shcar stresses due

to the Safe Shutdown Earthquake with the shear stresses required to produce

liquefaction at various depths.

The factor of safety with regard 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 carthquake. The calculations

9.
.

,
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were based on ten significant stress cycles. The results of the analysisO
indicate that the factor of safety with respect to liquefaction for the Safe

Shutdown Earthquake is in excess of 1.47. '

'

3.S SEISMIC CLASSIFICATION
,

'-s , . s

No specific seismic classification was mentier.ed in the available

documents. liowever, seismic analyses have been per' formed in the 1974 analysis

(Reference 2) for the following structures and components:
,

Reactor Containment Building (RCB) '
-,

RCB Sybsystems - -water storage tank y

- core support and primary reactor internals

- main steam piping system
*

LACBWR Stack \
s

Genoa Stack
-

'
''

' x ,

Waste Disposal Building
O ~

'

Turbine Building ~

(t
Diesel Generator Building

. s
Diesel Generator Piping System t.-

-

Spent Fuel Storage Racks ''

In the re-analysis of 1975 to 1977, main steam piping system (Reference 3),
. q,

,,

feedwater piping system (Reference 81 and recirculation. piping syste:
'

'
I

s'.

(reference S) were analyzed for- both the Safe Shutdown Earthquake (SSE) and '

i
_

| the Operating Basis Earthquake (OBE). The stresses due to seismic dead weight,
.

pressure and thermal expansion loadings, were combined according to the

ASME code rules for Class 2 components. Ili;S pressure core spray suction line *'
,

s,

piping system (Reference 6) and discharge litte pipin;; system (Reference 7)
,

i

!
were analyzed for SSE and OBE, and the strec,es we e cmbined according to

the ASME code rules fo'r Class I components. ''
.

,
1

-

5

10. I -
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The high dansity spent fuel storage racks (Reference 8) were designed
O to meet the requirements for Scismic Category I structures. The Spent fuel

pool structure (Reference 9) and spent fuel storage pool drain line
'

(Reference 10) were analyzed according to ASME, Class I 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 - FN Intensity VI - could occur at the site. We estimate that the

maximum hori: ental seismically-induced ground motion at the foundation level

of the site resulting from such an event would be less than 12 percent of
'

gravity. This1value es the amplification of bedrock acceleration
O through the natural overburden and hydraulic fill at the site". The response

'

: ,

spectrum curves of the selected horizontal ground motion at the foundation

level for SSE, with the peak acceleration no.Inali:ed to 0.12g, is given in

PIATE 8, reproduced from Part 1 of Reference 2. The report did not specify

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 discussed or recommended in Dames 6 Moore

study (Part 1, Reference 2). -In the re-analysis of main steam, feedwater,

HPCS piping systems, the vertical response sisectrum was taken as 2/3 of the

hori: ental ground responseEspectium assuming ao amplification of vertical

response in the stnicture.
,

,
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Damping factors are listed in the' table below.

SSE h SSE

Reactor Containment Building 7'. and up* 31, and up*

Turbine Building 75

STACKS 7% and up'

New Diesel Gen'erator Building 7% 4% .

Piping 2% 1%

* Proportional damping

3.7 GENEPAL 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 ceasidered. However,

in computing the load capacity of pile foundation of the reactor contain-

ment building, the dead weight loading was inc.luded in the consideration

(P. 4-10, Part 1, Reference 2).

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

building and the waste disposal building, are summari:ed in the following

chart:

SSE SSE

|
Concrete:

Monent Mu 0.63 Mu

Shear Vu 0.60 Vu

Steel:
1

Moment My 0.66 My

O Shcar 0.s3v o.40v

|

13.
'
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i where Mu is the ultimate moment capacity for the fully plastic,

O
'

section

My is the yield moment esiculated 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-

i 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)
O

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 Section III of the ASME Boiler and Pressure Vessel

Code. Calculated stre:ses 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 NS-3650 of the ASME Code.
.

Class 1 piping stress criteria are listed in the tabic below.

' DESIGN CONDITIONS (Primary) Po + DL + E < 1.5 Sm (as Eq. 9)

NORMAL CONDITIONS T' + Pt SA + TA + E < 3 Sm (as Eq. 10)+

,

(Primary and. Secondary)
i

UPSET CONDITIONS Same as for Normal Conditions

D!ET:CENCY CONDITICNS Primary stress < 2.25 Sm (as Eq. 9)

FAULTED CONDITIONS Po + DL + E' < 3 Sm (as Eq. 9)
.

*

14
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Load Condition f**1
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D L To It w E E' Domict Strength
,

e c
! Cunotruction 1 1.1 1.3 13 S.3 sci 31%715
.

I, Test 2 1.1 1.3 13 1.3 EI 310-71i ,

i

} '
- '

Isortal | 3 1.4 1.7 13 +3 trI 318-71.
,
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| l s

f 7 E.
e
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,

wherc P Design pressure=

P = Operating pressure

DL = Dead weight and other sustained mechanical loads
,

t

SA = Seismic anchor movements

TA = Thermal anchor movements

| . E Operating basis earthquake (OBE or SSE)= -

Safe Shutdown Earthquake (SSE)j E =

'

T,= Thermal loads maximum credible accident

Sm = Allowable design stress intensity at maximum temperature
i

The require.ments 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 Doller and 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 the table below.

NORMAL OPERATING CONDITIONS: Po + DL < S h (as Eq. 9) ,

; stress range due to T and SA < SA

(as Eq. 10)

or Po + DL + stress range due
i

to T < SA + Sh (as Eq.11)

UPSET CONDITIONS: In addition to the normal operating

conditions

P max + DL + E < 1.2 Sh (as Eq. 9)
lFAULTED CONDITIONS: P max + DL + E + SA < 1.S Sh (as Eq. 9)

where P max = Peak pressure

S h = Basic material allowabic stress at maximum temperature

h SA = .\110wabic expansion stress range

.

'
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3.7.3 Fuel Storage Pool Structure

O
(Reference 12)

The following design codes, regulatory guides and references have

been used in the structural analysis of the fuci storage pool structure.

1. ACI 318-71 " Building Code Requirements for Reinforced

Concrete" American Concrete Institute.
,

2. Uniform Building Code, 1973 Edition.

3. USNRC Standard Review Plan, Section 3.S.4.
.

4 "USNRC Proposed Position for Review and Acceptance of Spent

Fuel Storage and llandling Application."

5. Nuclear Energy Services, Inc. document NES SIA0544, Rev. O.

" 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",
O

McGraw Hill Book Company, 1964.

The allowable stress / load limits constitute the structural
~

acceptance criteria used for cach lead ecmbination are based on the ultimate

strength design nethods described in ACI-318-71.

3.7.4 Fuel Storage Racks

(Reference S)

The design / analysis of spent fuel storage racks is based on the

following design codes and regulatory guides.

1. A.I.S.C. Manual of Steel Construction, Seventh Edition,1970.

2. USNRC Regulatory Guide 1.61, " Damping Values for Seismic

Design of Nuc1 car Power Plants," October,1973.

3. USNRC Regulatory Guide 1.92, " Combination of Modes and Spatial

Q Components in Scismic Response Analysis, Rev. 1, February, 1976,

.

18.
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4 USNRC Standard Review Plan, Section 3.8.4.

O s- ussa r-orosea rosittoa cor nevic =aa ^ccco:aace er s ca:r
Fuel Storage and llandling 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.
.

.

.

O

.

.

.

O
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O 4 SEISMIC ANALYSIS OF MMOR STRUCTURAL SYSTEMS

4.1 REACTOR CONTAINMEhT BUILDING
.

4.1.1 Description

.

(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 f t. and an inside diameter of 60 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
O fuel element storage well, the forced-circulation pumps, the shutdown condenser,

and process ec,uipment 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 heat 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 direct radiation doses

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

O The containment bunaing is ,upperted on a feuedauen eensieueg a '

concrete-steel piles and a pile capping of concrete approximately 3 ft. thiek.

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

'
20.
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.

. 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

cylinder 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 s 4-1/2 ft.

thick at its bottom and 2-1/2 ft. thick at a point 1-1/2 ft. 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 of 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 enodgh 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 ft. long and 5 ft. in

diameter, with two circular door's 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 S ft. by 10 ft. freight door opening in the contain=ent building

accommodates large pieces of equipment.

|
-

,

I

'
'

i 26. '

l
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) 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 connection 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 provides water for use during refueling and during

loading of the fuel element shipping cask.

A 50-ton traveling bridge crane with a 5-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 loadingJconditions.

The seismic data was specified in the form of response spectra for

the horizontal seismic inputs (see Section 3.6). This event is considered as the,

free-field motion at the ground surface of the site. A time history record was

j generated to envelop the two percent damped free-field response spectrum. The

fitting procedure 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 spectra ,

compared with the design criteria. The acceleration, time history of the pulse
,

i is shown in Fig. 2.2 of Ref. 2. A comparison of the fits of the spectra of the
|
'

generated accelerogram with the criteria response spectra were made, the two

~
, .

27.-
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percent damped spectrum case is shown in the attached Figure 2.5 of Ref. 2. With

the free-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,

was carried out in the freque!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 t!.e peak accelerations found in the deconvolution

study. This may be due to the limitation of the computer code, SIM, utiliced in'

this study.

O 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 levcis 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
,

|
L structural damage will occur.

The required capacities of the section were computed using the criteria

described in Section 3.7.1.j

For the pile foundation system, the yield moment capacity was de'inedf

as the moment which would develop the nominal pile bearing capacity (100 kips)

at the outermost pile of the cluster. The loads on the interior piles then 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 capacity 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 calculating the peak elastic shear stresses in the plate. This was then

compared to the ultimate stress allowed for reinforced concrete sections. For

Q 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 (see 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 estimated 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.

O
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Q The structural model includes:

1. the outer containment shc11 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 primary 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 outer contnin=ent structure

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

i 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) were computed by determining the elastic response of a flat circular
i

I 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 parameters of the biological shield column support (Connecting Element No. 4)
1

I were determined from standard beam theory, while the stiffness of the reactor

skirt support (Connecting Element No. 5) was derived from shcar beam solutions.

The determination of the sloshing, pnrameters (Connectin:: Element No. b) is

presented in Ag'pendii F or Ref. 2.

.
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O
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 are applied. At the base of the pile, a base
i translation spring and damper was included to account for relative displacement

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 instabilities in the dynamic

response analyses, the effects of the sloshing water mass were eliminated and

the entire water mass was considered as a rigid mass (node IS 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.S). Both analyses included only

one horizontal component of time history excitation. The structural damping was

represented by mass and stiffness 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 superposition and time Integration technique.

For each problem, the integration was carried 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

spectra being computed for 2"a equipment damping for the SSE, and l'. equipment

damping for the 1/2 SSE input condition. .
,

4.1.5 Results of Analysis
'

The frequencies included in the dynamic analysis vary from 3.S7 c;,s

.

36.
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, _ , . , , . . _ . . , .
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(]) to 38.13 cps with frequencies above this range negiccred 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 co=ponents of the structural system. The third mode

involves primarily the outer containment shc11 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 generated, the following conclusion

was reached.

O
All the primary structural components of the RCB are adequately

designed to withstand the specified SSE and 1/2 SSE input conditions. These

components include the outer containment shell, biological shielding, reactor

vessel and the pile support structure.

1

4.2 STACKS

(Reference 2)

Two stacks, the LACBWR stack and the Genoa III stack, were analy:ed

for scismic evaluation.
!

4.2.1 Leading Condition
,

The stacks were analy:cd using the same SSE as input with a peak accel- *

cration 0.12 g's, as described in Sec. 4.1.2 for the reactor contain-

() ment building. .\ 7', structural damping valve was used t'or the structure.

5,. -
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4.2.2 Structural Capacities >.
Y. _ . ,

in checking for the tidcquacy of the structure to the SSE scismic
' .

inputs, the dynamic responsg of the system was 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 the criteria described

in Section 3.7.1.

For the pile system, the yield moment capacity was computed by assuming

that the outermost pile developed its nominal capacity (100 kips), with the

remaining piles sustaining loada propor'tional 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 tension pull-out capacity.

'4.2.3 Method of Analysis -

The structura[ model used to analyze the response of t5te LACBWR Stack

is shown in Fig. 3.1 of Ref. 2. This model includes both the 350 fyot stack and

the80footpilefoundatIonsystem. The lumped mass model of the system is also
i

.

-

| shown in Fig. 5.1 and is composed of 23 lumped mass points connected by means o
I

.

i flexible shear beam elements.
!

| For the pile soi' foundation system, the soil within the pile cluster

was assumed to move with the pile sys cm, but provide no additional stiffness. 1.

Thus the soil within the, pile group was assumed to add mass to the pile nodes

only. For this stack, the pile cluster was composed of 78 piles, 30 feet long,

cach with a nominal pile capacity of 50 tons.

O The system d.r.ninggwas taken as proportional to the mass and stiffness

matrices of the structural muhl which for the higher modes yicids increasing.

; values of damping.
. .

*v,| . ,

.. . .. _ . .
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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 int'eraction loadings are applied.

4.2.4 Structural Response

The frequencies and modal 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.S of Ref. 2. As may be noted, the developed

shear forces in the stack are all significantly less.than the ultimate shear

strengths. liowever, 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 LACBNR 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 frequencies 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 III Stack were computel and are shown in
'

Table 6.4. The results for peak moment and shcar ratios developed for the SSE

O inrut conditioe are tab =1#ted in Teble 6.5 and. ns for the 'sCBxa Stack.. inaicete

that the stack cannot sustain the seismic event due to the low moment capacities

of the reinforced concrete sections.
.
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1 1

. .

O 4.3 TURBINE BUILDING

. (Reference 17, Sections 7 5 10, Reference 2)

~

.3 .1 Description4

- The Turbine Building contains a major part of the power plant equip-

ment (Fig. 7.1, Fig. 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

includes the feedwater heaters, reactor feedwater pumps, air ejector, vacuum

pump, fu11 flow deminerali:ers, 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,

turbine oil reservoir, oil tanks and pumps, turbine condenser, unit auxiliary
;

transformer, 2400-volt and 480-volt switchgear, motor control centers, diesel

{g 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 Buil'ing. The crane has access tod
-

major equipment items located below the floor through numerous 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 facilitics, 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

i the Turbine Building that is adjacent to the Containment Building.

46.
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0 A schematic plan of the Turbine Building is shown in Fig. S.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 deminerali:cd

- water tank. The column lines for the framework are indicated in the Fig. S.I.

Both the turbine unit as wall as the water tank are located at elevation 6S6 ft.

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. S.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 utili:ed to estimate the

O peak loads that had to be sustained, using the SSE criteria horizontal response

spectra as input to the base of the building. Peak loads carried by both the

steel and cencrete framework were analyzed separately.

4.3.3 Method of Analysis

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 degree of freedom system ,

with the primary stiffness determined by the lateral bracing system. Computations

indicated that the lateral stiffness of the bracing system was significantly.

larger than that of the main frame itself. The steel framing plan of Column

Line 1 (Fig. S.1) is shown in Fig. S.2. Besides the floor loads carried at

each IcVel, this column line supports the dcminerali:cd water tank. The SDOF

model for this column line is shown in Fig. S.2, and indicates a funda:Nntal
.

.
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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. S.3. The two story framework is again simplified into a SD0F

system as shown, with a fundamental period of 6.2 cps. Again the stiffness is

primarily determined from the properties of the brating system, while the mass

is determined from the floor weights only.

The equivalent SDOF system of the turbine / generator support structure

is also shown in Fig. 8.4, with the mass representing the turbine / generator

weight only.

4. 3. 4 Results of Analysis

The computation showed that the turbine support structure was adequate

for the SSE event but the steel frame structure needed additional lateral

bracing system.

.
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5.L MAIN STEAM LINE

(Reference 3)

3.1.1 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 reactor vessel through two S-inch

steam lines 1cading to a singic 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 line 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

0 of contro1 veives.

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. This requires that the

| seismic stresses be combined with the stresses due to deadweight, pressure and
:

thermal loadings in accordance with the ASME Code Section III rules.

The rules for a Class 1 (Section 111) analysis require that thermal

| stress and fatigue due to thermal cycling be considered. A review of the avail-

| able mainsteam piping system ficxibility and stress analyses indicated that only

thermal expansion was considered together with the pressure and deadweight
O.' loads in the original design. Consequently, it is not possible to perform a

Class 1 analysis With the existing analytical data.
i

' 56.
'

... . . _. - ... . . . --. . . -

(1



--

*
6 4-

~

gS# }*

n.s ses0

'
$3 FIGURE 3 1

fr ? e4
..

:< f ~ 0 c:*1

O~ fn '' tiAT!!EllATICAL MCOEL
,, LACUUR ftAlti STEA:t PIPl!;G SY37 Eft% 7' 10*|)l

{ ?59

|c'$% C

2,lag
e

a
.g.

,,_
,, , .

Ss '

,. ,,

.

D
.

Y

Walm sitaw u=t ,o j
C0=ctnsta a

21i

k
i

% X. - Z
.

i 28 "I

< = o ... , . .e.. ( . . .,
,

''

p 26 ,

" y si *Te,
,

''

'S
^. 24 2C

Od 194 GI

>
9, 4

'
to

4

Waist Sit ad L'"( 10
|IWA0emt <,g. Symbols |... _ ....

.

!.

Itsss Point
.

f
.

.C
. Rigid R straintl 7

>

*

, I w ~ ' ~

(1D, Spring 'iancer
vi s '

" Constant

b Support Ilan::=r
'

.

! . .

3" K 'C
' S Rc:;'J i r ed,

3

Y,8 cd' ,*
/ Sei smic Snubbers

#,
3

.

%

/c Anchor
.

! n
V". /' t

,/ A, '.'] I vc
\ w/ E ;;2t'.t r i c i ty

/
... ..p, ,

. .

.ii .
- - - - .. _ . . . . _ . ._ _ . _ _ , , _ _ _ , _ _ ._ _

.

~ . + - ,



--

4 s

The existing analytical data, however, is sufficient to perform a

Class 2 (Section 111) analysis. Therefore, in the subject analysis, the adequacy

of the main steam piping srstem to withstand an earthquake event is evaluated

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

loadings in accordance with ASME Code requirements for the design of Calss 2

components.
1

5.1.2 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
4

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
2

operators, and branch piping are included in the analysis. Sustained loads

O 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 is used in the section between the containment vessel

and the rotoport isolation valve (Nodes 1 through 3).
4

The thermal expansion stresses are based on the thermal loading

resulting from the normal operating temperature of 577.50F.
,

Thermal anchor movements at the no:cle connections to the pressure

vessel are calculated based on the thermal expansion uf the pressure vessel at

the design temperature of 577.50F.
;

1̂

Two scismic loading events are considered: the safe shutdown
_

carthquake (SSE), and the operating basis carthquake (OBE). The established

design criteria Reg. Guide 1.48, May 1973) for Class 2 analysis ;.

considers the OBE (or 'i SSE) to be the normal and upset condition while the SSE
,

is considered the faulted condition.
| -

.
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O seismic i==rti= 1 =at=s is imgosed # t" rigt"s erste= 1" the 'or-

of seismic acceleration spectra which were derived for the LACBWR plant

(Reference 2). The horizontal acceleration spectrum used for the main s: cam

line is that corresponding to the reactor vessel at an elevation of 664.5 feet.

The vertical respc.nse 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 is of the SSE vertical response spectrum.

Damping values used are one percent for the OBE and two percent for the SSE.

The horizontal spectra in either the global X- direction or the

global 2- direction are applied simultaneously with the vertical spectra in

the global Y- direction.

Seismically induced anchor movements for points 7, 14, 18, 40, 42,

O aad 48 were estimeted 8x ca1cuistias io 1reaue cr ispiaceme=t> rrom thea

containment vessel response spectra at the different anchor point elevations.

5.1.3 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, Sh and the requirements

of Equation 8, ASME CODE. Additionally, either the stress range due to thermal

expansion and scismic anchor movements as calculated by Equation 10, ASME

CODE, must not exceed the allowable expansion stress range S : the combined
A

stresses due to design pressure, weight, other sustained loads and the stress

range due to thermal expansion must not exceed the sum of SA and S h as

required by [h uation 11, ASME CODE.t

O b. Upset Conditions

The requirements for operation under upset conditions include

compliance with the requirements of Equations S,10 and 11 as described above

59.
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as well as Equation 9. Equation 9 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 OBE carthquake - must not be greater than 1.2

times the allowable stress value S *h
c. Faulted Conditions

During faulted conditions, the requirements of Equation 9 must be

met using a stress limit of 1.8 S . For the purpose of satisfying this criteria,h

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 Methods of Analysis
.

In order to perform static, dynamic and stress analyses, the

continuous piping system is mathematically modeled as an assembly of clastic

structural elements interconnected at discrete nodal points (Figure 3.1). Nodal

O 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

material discontinuities, etc. This three dimensional multidegree-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 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 connections are modified to account for

local deformation 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, multi-degree-of-freedom model represents the dynamic characteristics of

Q the piping sys Nm. In order to reduce the number of dynamic degrecs-of-freedom,

only translational degrees-of-freedom are considered at cach mass point (the

masses associated with the rotation.61 degrees-of-freedom are set to ero) .

'

60.
- . . .

-

. - _ _ . . . . . . . _ . _ _ . __. .. _ . . . - _.- .

- -,. ._ , - - ... . . - - .



~ {1 ' V
,

I8

.

O 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 total .

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, dynamic and stress analyses are

carried out using the PIPESD computer code.

.
5.1.5 Results

4

1. The existing support system 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
O

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

i in Subarticle NC-3652 of Section III of the ASME Code satisfy

the design requirements of Class 2 piping systems.

3. It was recommended that the main steam piping system be

provided with four seismic restraints at the locations

indicated in Figure 3.1.

5.2 FEED WATER PIPING SYSTEM

(Reference .1)

O
.
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S.2.1 Description

The feedwater piping system returns condensate from the turbine-

building and feeds it directly to the force circulation suction header where

the condensate is mixed with the recirculating coolant. Feedwater enters

the containment 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 manifold enter the biological shield and feed the water directly

to the 16" forced-circulation suction header through four 4" no::les. 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.
O An isometric drawing showing the feedwater piping system as analy:cd,

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 feedwater piping system flexibility and stress analyses indicated

that only thermal expansion was considered together with the pressure and

deadweight loads in the original design. Consequently, it is not pessibic

to perform a Class 1 analysis with the existing analytical data.

The existing analytical data, however, is sufficient to perform
1

a Class 2 (Section III) analysis. Therefore, in the subject analysis, the
.

addquacy of the feedwater piping system to withstand an carthquake event is

evaluated by combining the stresses due to deadweight, pressure, thermal

and seismic loadings in accordance with ASMl: Code requirements for the design

of Class 2 components.
.
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-5.2.2 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 inertis loads and seismic anchor

movement loading.

The deadweight of the piping system is calculated assuming the

system to be insulated and filled with water. The weight of valves, valve

operstors, 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
O for the feedwater piping between the .:tr.tainment vessel and the 8" gate valve.

The thermal expansion stresses are based on the thermal loading

for the normal operating condition. A normal operating te'mperature of 547 F

is used for the condensate return and main feedwater piping, while a temperature

of 295'F is used for the feedwater piping between the containment vessel and

the 8" gate valve.

Thermal anchor movements at the no::le connecti,ons 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 the operating basis carthquake (OBE). The established

design criteria, (Reg. Guide 1.4S, May 1973) for Class 2 analysis considers

the OBE (or 1/2 SSE) to bc the normal and upset condition while the SSE

64. ,
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O is considered 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 l'. 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.
O 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.

5.2.3 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 scismic events.
.

2. The results of the subject analysis, which includes effects

of 11 additional scismic restraints, indicate that the
.

t

f eI .
- ~
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_. _ .. _ .. . . . . . . -- ---.
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deflections of the feedwater and condensate return piping
O

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

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 for Class 2 '

piping systems.

3. It was recomnended that the feedwater and condensate return

piping system be provided with eleven seismic restraints at

the locations indicated in Figure 3.1. -

5.3 RECIRCULATION PIPING SYSTEM

(Reference 5)-

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 no::les, two 20-inch suction lines,

two variable speed pu=ps, the 20-inch diamete.r pump discharge lines and the

16-inch diameter forced-circulation discharge manifold and the four equally-

speced 16-inch reactor inlet no::les.

An isometric drawing showing the recirculation piping system

as analy:cd, 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.
.

.

O

'
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O - 5.3.2 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 expanrion loading, seismic inertia loads and seismic anchor

movement loading.
'

.

The dead weight of the piping system is calculated 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

(SSE, Figure G.34 of Reference 2) are only .20*. greater than the response spectrum

O 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 allowabic

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 ;-direction are applied simultaneously with the vertical spectra in

the global Y-direction. -

Thermal loading for normal operation is produced.by the overall

thermal expansion of the piping system and the thermal move =ent of the piping /

reactor vessel anchors. 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 operating temperature of 577 F. The thermal

[)
movement of the piping /rcactor vessel anchors are taken from Reference 13.

.

.
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O The scismic anchor movement arc estimated using data given
*

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 pressuce is 1450 psi,

*

i

S.3.3 Stress Acceptance Criteria

The stress accpetance criteria used in this analysis are the

| ASME Section III, Class 2 component stress design rules which define the stress

| limits for the vaarious load combinations under normal operating, upset and
4

faulted conditions as interpreted by the AEC in Regulatory Guide 1.48.:

O a. Normal Operating Conditions
,

i

The combined stresses for the dead weight, sustained

mechanical loads and the normal oeprating pressure loads should be less than

1 S as calculated by equation 8 of Section III, ASME Code.
h

I The combined stresses for the normal thermal loads and seismic
J

should be less than S, as calcualted by equation 10 of Subsectionmovement -

NC-36SO of ASME Code or the combined stresses for the dead weight, sustained

mechanical loads, thermal loads and seismic movement should be less than S
a

and Sh as calculated by equation 11.

b. Upset Conditions
i The combined stresses due to dead weight, sustained mechanical~*

loads, OBE scismic loadings and peak pressure loads should bc Icss than 1.2 Sh
~

[]) as calcualted by equation 9.

;
I

!

.
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O
c. 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 the ASME Code should be less
'~

han 1.8 S . This requirecent will be met if the requirements of upsett h
.I

conditions are met since the SSE magnitude is only 20'. greater than the OBE

while the allowable faulted stress is 50's 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.

5.3.5 Results

() By providing adequate seismic restraints (hydraulic snubbers)

at the locations shown in Figure 3.1 the deflections and stresses in the piping due

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, thermal expansion and seismic

loads as calculated and combined in accordance with the rules given in Subarticic

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.
.

O
.
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5.4 !!ICll PRESSURE CORE SPRAY (llPCS) SYSTDI SUCTION LINE
'

(Reference 6)-

5.4.1 Description

.

'

The High Pressure Core Spray (ilPCS) 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 wat;er from an overheid storage tank to the core

spray header under low reactor pressure conditions, or by means of high pressure

water injection under high reactor pressure conditions.

In order to simplify the piping system analysis, the long and
'

complex HPCS piping system was divided into two sections: the first 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
O

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 I as shown in Figure 3.1-1 of Reference 6 and Line
.

2 as shown in Figure 3.1-2 of Reference 6. Line 1 consirsts of the 4" Schedule

40S 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" fuci

storage well flooding line connecting at node point IS is. included in the analysis
' of Line 1. Line 2 begins at node 19, Figure 3.1-2 and consists mostly of 3"

'

schedule 40S stainicss steel piping up to the two ECCS high pressure pumps.

Rigid anchors located at points of expected largo scismic deficctions, serve

Q to isolate the suction lines for analytical purposes.
i

The ll!'CS system is the principal emergency core cooling system.

Class 1 component analysis was performed for this system.

.
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5.4.2 Loadinc Criteria

The loading conditions which must be taken into account in performing

a Class 1 analysis of a piping system are specified in Subsection NS-3110 of

Section Ill, ASME Code. These include dead weight, intert.a1 pressure, thermal

effects; and carthquake loads.

The dead weight of the piping system is calculated assuming the

system to be insulated and filled with water. The weights of valves and valve

operators, with appropriate eccentricities are included in the anal'ysis.

The HPCS suction line is basically a cold line containing room
1
1

temperature water from the overhead storage tank. Thermal expansion stresses

are calcualted assuming the design temperature of 120 F to be the normal
|

operating condition. Thermal discontinuity and thermal gradient secondary

bending stresses are negligibic at this temperature and are, therefore, no

considered in the analysis.

The normal operating pressure for the HPCS system is the static

head resulting from the overhead water storage tank. Constant. internal operating

pressures of 20 psi and 50 psi are assumed for suction lines I and 2 respectively.

A pressure of 100 psig is used as the design condition for the complete HPCS

Suction Line.
'

Two seismic loading events are considered: the safe shutdown,

earthquake (SSE), and the operating basis earthquake (OBE) . The established

design criteria Regulatory Guide 1.4S, May,1973) for Class 1 analysis specifics

that thr OBE (or 1/2 SSE) must be considered in conjunction with the normal

and upset plant condition while the SSE must be considered in conjunction with

the faulted plant condition.

Scismic inertia loading is imposed on the piping system in the

form of seimie accelernt ion spectra which were derived for the I.ACBt.'R plant

(Reference .') . The hori:ontal acceleration spectra used for the llPCS lines

.
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O 1 and 2 are 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 SSE

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 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.

Seismically induced anchor movements for the OBE were estimated

by calculating low frequency displacements from the containment vessel response
O 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.

i a. Design Conditions

The primary stress intensity, resulting from the combined

effects of the design pressure and the resultant moment loading due to loads

caused by dead weight and the Operating Basis Earthquake and calculated in

accordance with equation 9 of Subsection NB-352 of the Code must be less than

1.5 times the allowabic design stress intensity, S,, at maximum temperature.

~

77.
.- - - _ __ __ -.. _ . . _.. -

-

*
- -,,_.c . 9 . . , - . , , , - _ . _ - , . , _.,,,.-.y_ , , - . _ _ . . . ,.,-,.s _,_ ,,. %r.__,~,.,m, ,-- . . ,.-,_+_.w,. _ , .,,, - - _



. e

4

O b. Normal Conditions

The primary plus secondary stress intensity range resulting

from the combined effects of thermal expansion, linear thermal gradient and
'

discontinuity, operatin g pressure, anchor movements and earthquake effcets,

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 acceptabic provided the requirements of a simplified Elartic-

plastic discontinuity analysis 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 6, and 2) if the range of primary plus secondary membrane plus bending

stress intensity, resulting from the combined loading of operating pressure,

dead weight, one-half the range of the earthquake and thermal discontinuity
O

stresses, calcualted according to equation 13 of the code is less than 3 S,.

The requirements for acceptability under cyclic 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 analysis), 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 the Code for the calculnted

i alternating stress intensity in accordance with the requirements of paragraphs

NB 3653.4 and NB 3653.5 of the Code.
.

O

O
.

.

t
*
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O c. Upset Conditions

The requirements for acceptability under upset conditions

(not specified in this analysis) are the same as for Normal- Conditions.

d. Emergency Conditions

The requirement for accep. ability under emergency conditions

(not specified 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. Faulted 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 S,.
'

S.4.4 Method of Analysis

O
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 deter =ined 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.

O

,
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O In order to perform static., dynamic and stress analyses, the

| continuous piping system is mathematically modeled as an assembly of elastic

i structural elements interconnected at discrete nodal points (Figure a.1) .
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 material 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 structural elements are related

to the moment of inertia and the axial and effective shear area of the pipe

i cross section. The stiffness characteristics of the cibows and tee connections

are modified to account for local deformatien by using the flexibility factors

given in the ASME Code.

O
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-freedom are set to tero).

5.*.5 Results

By providing rigid seismic restraints at the locations shown is

Figure 3.1 the deficctions and stresses is the HPCS suction piping due to a

seismic event can be reduced to acceptabic values.

The results of the subject analysis, which includes effects of

five additional rigid restraints indicate that the deficctions of the HPCS

Q suction piping system, due to deadweight, thernal expansion and scismic icading

are nominal. In addition, the stresses resulting from these loadings as

calculated and combined in accordance with the rules given in Subarticle

. .
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NB-3650 of Section III of the ASME Code, satisfy the design requirements for

Class 1 piping systems.

5.S HPCS SYSTEM DISCHARGE LINE '

|

(Reference 7) _

5.S.1 Description,

.

The 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 reactor4

remains pressuri:ed, as in the case of a small leak below the ocre. hhen

the reactor and containment building pressures are equali:cd, as after a mejor

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

f spray pumps are also used in the boron injection system. 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 deficction.n

serve the purpose of isolating the discharge lines from the interconnecting

piping systems. Figure 3.1 of Reference 7 shows the routing of the discharge

line and the extent of suction line and sodium pentaborate lines considered

in the subject analysis.

O
.

' '
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1

Anticipating the possibility of a seismically induced loss of

coolant accident, it was concluded that analyses of the major Class 1 piping

systems should be performed to evaluate their structural integrity.
.

5.5.2 Loading Criteria

The loading conditions which must be taken into account in performing
1

a Class 1 analysis of a piping system are specified in Subsection NS-3110

of Section III, ASME Code. These inicude dead weight, internal pressure,

thermal effects; and earthquake loads,

i Piping design pressures are taken from the LACBWR piping specificatier.
I

(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 llPCS system are based on the LACBWR
,

i

Safeguards Report (Reference 5). The;e are 100 psig up.to node point 50, -

O
| 1340 psig from node 50 to the reactor vessel no: tic and 1400 psig for the

remainder of the system.
t

! The dead weight of the piping system is calculated considering

the piping to be insulated and filled with water. -Other sustained loads

i included in the analysis are valve weights, valve operator weights, and the
1

! 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 Reference 2) at different elevations.
!

Thermal expansion or contraction of the reactor vessel during
,

; start-up and shutdown reus1ts in maximum displacements of the piping systcc
;

anchor at the reactor vessel no::1c (node point 240).;

:

[]) Two scismic loading events are considered: the safe shutdowni

carthquake (SSC), and the operating basis carthquaie (obr.) .i

|'

.
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O
. Seismic inertia loading is imposed on the piping system in the

form of seismic acceleration spectra which were derived for the LACBWR plant

(Reference 2). The horizontal acceleration spectra used for the HPCS di'scharge

line is that corresponding to the subsystem support points on the reactor
;

containment shell at an elevation of 695 feet. The vertical response spectrum
I

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. percent for the

OBE and 2 percent for the SSE.

*

The horizontal spectra in either the global X-direction or the

global 2-direction are applied simultaneously with the vertical spectra in
the global Y-direction.

Ot

The sudden introduction of cold water from the HPCS system piping

into the hot pressure vessel no::le, due to a LOCA or other low water level

condition results in a transient thermal condition in the N022LE region.

This temperature transient generates stresses in the pipe due to the large

temperature gradients across the pipe wall and due to any =aterial discontinuities

present. These thermal loads which are applied at node. points 230 and 240

have been calculated by means of a transient themal analysis with the Lion

Computer Code (Appendix B and E of Reference 7). These load's are considered

in conjunction with the upset plant condition.

During normal start-up and shutdown a temperature change of 344 F

is assumed in the pipi > in the region of the reactor vessel firCS discharge;

not:le.

O

:

'

.
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() #5.5.3 Stress Acceptance Criteria

The same stress acceptance criteria as those discussed in Section,

5.4.3 were also applied to the HPCS discharge line.

5.5.4 Method of Analysis

Similar three dimensional model as described in Section 5.4.4
'

was used for the HPCS discharge line.

For determining the piak 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 weid coupling / reactor

no::le 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
! A

V 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 III of the ASi4E Code, satisfy the design require-
i

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 aceutator 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 support reaction

forces given in Table B-11 of Appendix D, and

4 the total number of IIPCS initiations is limited to 2900 cycles.

O

. .
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O NOTE: The llPCS system has operated (or cycled) a total of 2:6

times during all phases of plant testing and operation.

However, only 25 operations or cycles have occurred with
,

the LACBWR 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

theplantattemperatureisexpectedtobelessthab150

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

O The fuel storage pool drain line serves as the discharge line

for the storage pool filter, pumps and cooler recirculation loop. The line

also provides a method of draining the pool should that requirement ever exist.;

i
' 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 possibic 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 analyted as a Seismic

Category 1 system.

The subject piping, shown in the attached Figurc 3-1 of Referenec
;

10, consist of a four-inch schedule 40, stainless steel 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 serve to

isolate the line from the remainder of the piping system for analytical purposes.
t

.
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.

O There are no intermediate hangers or restraints.

5.6.2 Loading Criteria

The loading conditions taken into account in the Class 1 analysis

include dead weight, internal pressure, thermal effects and carthquake loads.

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 themal gradient secondary

bending stresses are negligible at this temperature and are, therefore,

not considered in the analysis.
! O

The normal operating pressure for the drain system is the static

head resulting from the fuel storage well pool drain. A constant internal

operating pressure 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 LACBWR plant

(Reference 2). The hori:ontal 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 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 percent for the OBE and 2 percent ror the SSE.

.
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O The hori:ontal spectra in either the global X-direction or the

global 2-direction are applied simultaneously with the vertical spectra in

the global Y-direction.

Seismically induced anchor movements for th- OBE were estimated

by calculating low frequer.cy displacements from the containment vessel response

spectra at the different anchor point elevations.

5.6.3 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 Method Of Analysis

Similar three dimensional model as described in Section 5.4.4

was used for the pool drain line.

5.6.5 Results

O The results of this analysis indicate that the deflections of -

the spent fuel storage pool drain line due to deadweight, thermal expansion

and seismic loadings are nominal. Further, the resulting maximum stresses

as calculated and combined in accordance with the rules given in Subarticle

NB-3650 of Section III of the ASME Code, satisfy the design requirements for

Class I piping systems. In addition, it can be concluded that the maximum

cycling Code stress requirements are met for the specified loading conditions. -

.

i

.

.
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O 6. SEISMIC ANALYSIS OF EQU1PMENT AND T!!EIR SUPPORTS

6.1 - REACTOR CORE SUPPORT SYSTEM

(Reference 2)

6.1.1 Description

The dynamic analysis of the reactor internal system was initiated

by first considering the behavior of the core support structure.

The structural configuration of the core support system is shown

in Figure 4.2 of Reference 2. It consists of an upper lateral support structure

(about 9 feet long) and a lower cylindrical support skirt (about 3 feet long).

The cross-section of the upper support structure is shown in Figure 4.3 of

Reference 2 and is a thin-walled section (0.063 inches thick) with upper and

lower flanges. Twenty long bolts (and sleeves) are used to connect the support

structure to the skirt.

O The upper skirt is supported at the top against lateral motion

by means of three brackets while the skirt is supported at, the base by means

of the circular plenum plate (Figure 4.2). The core houses eighty (80) fuel

elements each weighing approximately 400 pounds.

6.1.2 Method of Analysis

A lumped mass model of this structural system was generated and
,

is shown in Figure H.1 of Reference 2. It consists of 13 mass points with

12 interconnecting shear beam elements. The boundary conditions imposed on

the model are restraint against lateral motion at the top and both lateral

and rotational restraint at the bottom. The dynamic input to the model is

the motion-time histories at the top and bottom generated for the reactor

vessel from the primary structural response model presented in Section 4

In computing the mass data for the node points, the weights of

the support structure and fuel cler.:ents s.ere used. In computing the section

stiffness properties, the stiffness of the outer support structure was considered
.

.
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but the stiffness of the fuel elements were negiccted. The stiffncsses of the

lower three elements located with the support 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 frequencies of the core support

structure were determined. Since this support system has frequencies well

above 33 cps, an equivalent static analysis was performed 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
i

constant and equal to 0.25 g's for the SSE input condition. A static lateral
O load of 0.25 times the weight per foot of beam was used.

6.1.3 Results

From this equivalent static analysis, the 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 icvels in the various components of

the support system (skirt, upper support structures, brackets, various connecting

bolts, etc.) were computed and in all cases were found to be negligibly small.

Thus, it was concluded that the strength of the core support structure is

adequate for the SSE input condition. The peak lateral displacement of the
-6system was computed to be 9.7x10 ft,

.
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O 6.2 COVTROL R0D DRIVE MECilA.N' ISM

(Reference 2).,

An analysis was performed to estiamte the peak force that may

be required to drive the control rods during the scismic event. The details

of the analysis are also presented in Appendix H. The approach used was to

allow the core structure to take its peak deflected shape as determined from

the equivalent static analysis described above. This deflected pattern was

then imposed upon the control rods and the lateral loads required to generate

this deflected shape for the control cods computed. Assuming a friction'

coefficient of unity, a peak drive force was determined to be less than 10

pdunds. 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

O
(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 considered as a separate subsystem

and the effects on the structure analy:ed by response spectra methods. These

calculations are presented in Appendix F of Reference 2 and indicated that

the average stresses developed in the support sh' ell 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

30 psi. With these nominal stress values, it is concluded that any higher

order analysis is unnecessary and that the effects of water sloshing are

negligibic,

i

O
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() 6.4 TliE EXISTING AND T!!E PROPOSED NEW (197S) SPENT FUEL STORAGE RACKS

(Reference 16)-

6.4.1 Description

A plan of the spent fuel and control rod storage racks including

the new NEX racks is .shown in Figure 1 of Reference 16. The existing fuel

racks (rack types G1, 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 rakes (rack types G4 and G3) . Each fuel storage rack is

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 hori: ental 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.
O

Reference 16 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 possibic toppling over of the

existing rack G1 (Figure 1) due to failure of the attachment bolts or failure

of the control rod storage racks to which the existing rack G1 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 (Collapse of existing racks Type G1)
.

The seismic lateral inertia loading on the coupled model of the

[} cxisting fuel and control rod storage racks is in the form of the applicabic
.

.
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O acceleration response spectrum given in Reference 2. The acceleration response

spectrum (Figure 2) for the safe shutdown carthquake (SSE) at the intermediate

floor level of the LACBWR containment buil' ding 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 impacting load of the adjacent NES rack (type 11). The NES rack

is assumed to topple over and hit rack G1 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 during a seismic

event are calculated by multiplying the distributed mass of the rack and its

contents by an equivalent static seismic acceleration value. The equivalent

O 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 Design Criteria

The acceptable maximum stresses in the fuel storage racks and

their attachments are established based on the guidelines given in USAEC

Document (B) " Structural Design Cirteria for Evaluating the Effects of High

Energy Pipe Breaks on Category 1 Structures Outside the Containment" prepared

by the Structural Engineering Brach; Directorate of Licensing. The acceptabic

stress values are given below:

Allowabic stress for axial compression
,

0.9fyor tension plus bending =

(]) Allowabic shear stress value 1. 6x0.4 fy = 0.6 * fy=

t

where fy = yield stress valo.

for stainicss steel

1.15x31 - 39.1 Ki=

101.

. . .

.m. ,
--- - - - y
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; .

O The factor of 1.15 accounts for the increase in yield stress under

dynamic loadings.

6.4.4 Methods of Analysis

Case 1

The existing fuel storage rack and the control rod storage racks

are mathematically modeled as an assemblage of finite element plate and beam

elements 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 characteristics

of the model are calculated considering axial, flexural and shear deformations

of each structural element. 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
O is then calculated using the response spectrum, modal super-position method

I .

| 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 me=ber (vertical angles)

is first calculated considering its own flexibility characteristics as well

as the flexibility characteristics of the hori:ontal support angles. Corres-

ponding to this frequency, the equivalent static scismic. accelerations arc

obtained from the SSC response spectrum curve. Scismic lateral inertia loadings,
!

equal to the tributory mass times the equivalent static scismic accelerations

are then applied to various structural members and the state of maximum stress>

'
1

Q and deflections are calculated using standard methods of structural analysis.

.
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O It should be noted that in these calculations, two models have ~

been analy:ed. In model 1, it has been conservatively assumed that the horizontal

angles at the front and back of the NES 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 analy:cd which assumes that these two hori:ontal

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 analy:ed are given below:
O

Natural Frecuency of Vibration (epsi

Model 1 (Horizontal angles act 3 99

independently) *

Model 2 (llori:ontal ang1cs act 4.02

together)

The results of the subject analysis indicate the following:

1. 'the design of the existing fuel storage racks G1, control

rod storage racks G4, G5 and their attachment bolts are

adequate to withstand lateral inertia loadings associated

with safe shutdown carthquake.

2. The existing design of the NES rack type 14 is adequate

to withstand lateral inertia loadings associated with a seismic

O "'"'- '" '""' r ' '"'" r "s"'"'' '"* ' """*" """'"3 "

scismic event is of the order of 3.3 if the horizontal angles

at the front and back of the racks are assumed to act independently:

.
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O if these horizontal angics act together, the factor of

safety against the collapse of these 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 recommended 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 FU2L STORAGE RACKS (197S)

(Reference 8)

6.'S.1 Description

The: Lacrosse Boiling Kater Reactor high density spent fuel storage

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

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) storag'e racks with a 9x8 array of fuel

storage locations, one (1) storage rack with a 4x10 array of fuel storage
f

locations, plus a special storage array similar to a 4x10 array except for

a region allocated for control rod storsec. Each storage location is capabic

of storing two (2) fuel assemblies in a two-tier cc . figuration (i.e. one

assembly positioned above the other). Fuel assemblics tored in the lower

tier are accessible (e.g. for periodic surveillance) . Floor area is provided

at the South enc of the fuel storage well for the spent fuel shipping cask.

This area is also used to store the core spray bundic during refueling

operations.

O

i
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Each storage rack consists of a welded assembly of fuci 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 ass'embled 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 S.

The horizontal seismic loads are transmitted from the rack structures

to the fuel storage well walls at three cicvations (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
i are transmitted to the storage well floor by the rack support feet.

The fuel storaye 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 (N0rmal Load)

[)
Load Case 2 - Dead Weight of Rack Plus 1 C. Vertical Installation

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

.

.
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Load Case 3 - Dead Weight of Rack Plus Uplifting Load, D + U.L.

(Abnomal Load)

Load Case 4 - Safe Shutdown Earthquake, E (Severe Environmental -

Load)

The storage rack structural components are subjected to the scismic

inertia loading of the fuel assembly, storage cell structure,

trapped and hydrodynamic mass and the fuel assembly impact loads.

The seismic loads are based on the simultaneous application of the

horitontal and vertical components of the seismic response acceleration

spectra specified for the h Safe Shutdown Earthquake.

Load Case S - Safe Shutdown Earthquake, E' (Extreme Environmental

Load)

Same as Load Case 4 except that the seismic response acceleration
O

spectra corresponding to the Safe Shutdown Earthquake was used

in the analysis.
<

Load Case 6 - Assembly Drop Impact Load, (Abnomal Load);

Thermal Loading, T (Nomal Load)

The stresses and reaction loads due to thermal loadings are

! insignificant since cicarances are provided between racks to allow

unrestrained growth of the rceks for the maximum expected temperature

differential based on a maximum pool temperature of 150 F.

j Load Combinations
|

For service load conditions, the following load combinationsa.

| , are considered using clastic working stress design methods
i

j of AISC:
,

I'
(1) D + L (la) D + L + T

~

(2) D + 1.L.

(3) D + L + E (3a) D + L + T + E
i

'
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O b. For factored load conditions, the following load combinations

are considered using elastic working stress design methods

of AISC:

(4 ) D + 1. + T + E '

. (S) D + T + U.L.
i 6.S.3 Design Criteria

The following cesign codes and regulatory guides have been used

in the design / analysis of spent fuel storage racks.

1. A.1.S.G. Manual of Steel Construction, Seventh Edition,1970.

2. USNRC Regulatory Guide 1.61, " Damping Values for Seismic.

Design of Nuclear Power Plants", October 1973.

3. USNRC Regulatory Guide 1.92, " Combination of Modes and

Spatial Components ja Seismic Response Analysis", Rev. 1,
O

February 1976.

4. USNRC Standard Review Plan, Section 3.8.4

S. Nuclear Energy fervices Inc. Document NESSIAOS44, Rev. O,

" Quality Assurance Program Plan for the Lacrosse Boiling Kater

Reactor Spent Fuel Storage Rack Design Program", March 1973.

6. USNRC " Position Paper for Review and Acceptance of Spent

Fuc1 Storage and llandling Applications".

The following allowabic stress Irmits constitute the structural

acceptance criteria used for each of the Joading combinations presented in

Section 6.S.2

,

O

111.
__ . . _ . . . . . . ... --- -- --

. - . -. _ _ - , - - - -
.

.- ._



e 4

.

'~5
Load

\-
Combinations Limit

1, 2, 3 S

la, 3a 1.5S -

4, 5 1.6S or 0.5Fy (shcar stress)

0.9Fy (Tensile or compressive stress)

Where S is the required section strength based on the clastic

design methods and the allowable stresses defined in Part l '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.
4

6.S.4 Methods of Analysis

The response of the rack structure to the specified static and
!

O 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 perfonn

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, is 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 ficxibility characteristics

(therefore, lower frequencies of vibration and high spectra accelerations) .

[]) The erid structure models are detailed three dimentional finite cicment models

consisting of discrete beam elements interconnected at a finite number of nodal

points.

.
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O aoundary conditien, are assumed at pinned connections at the

appropriate vertical and hori: ental locations for both the static and dynamic

analysis. For the static dead weight analysis, the distributed masses of the

structural elements and stored fuel elements of both tiers are lumped at the

system nodal points of the lower grid structure model.

For the hori:ontal, seismic analysis, the tributory weight of the

rack structure, individual stored cells, fuel assemblics, contained and

hydrodynamic water masses are lumped at the appropriate nodal points. The

horizontal seismic analysis is performed on both the lower grid and intermediate

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 rpresenting 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 obtained by combining the individual

modal response values in accordance with Regulatory Guide 1.92; lower medes

having large contribution to the response are considered and higher modes with,

negligibic participation are neglected.
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The combined scismic 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 three-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,
3

and are used for the installation load analysis.

6.5.5 Results of Analysis

The static and seismic structural < tress analysis of LACBWR

high density fuel storage racks were performed with the STARDYNE computer code.
O

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 swn=ari:ed in Table 8.2 of Reference 8. This tabic

presents the maximum 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 3.8.4 and comparcs them with the allowable

values as specified in the accpetance criteria of Section 6.5.3. From this

table, it can be seen that the maximum stresses and deflections are nominal

and well within the allowable limits.

O

.
'
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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 etfects) are presented in Table 8.3 of Reference

8. These n.aximum reaction loads are calculated ocnisdering the pool to be ,
f

fully-loaded with spent fuel storage racks and the full compliment of spent . ,;

fuel assemblies including stainless steel shrouds (heaviest shrouds).
~

>

_

Detail calculations to evaluate the effects of sloshing water
*

on the fuel storage racks have been performed for two cases. In the first. -

case, operating water level in the pool is considered to be at an elevatic.n

697'-11.625" (typical water level required for storing the spent fuel in the
*

upper tier of the storage racks) . In the second case, water level 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 -lbwer tier of the storage
O racks only). It has been concluded that sloshing of the pool water durin2

a seismic event will have insignificant effects on the fuel storags 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 their components are summari:ed in Table S.4 of Reference ' -

8. The stresses in these structures, as well as the developed concre:a bearing

stresses, are within the allowabic li::iits of the AISC code and the ACI' coda

as modified in accordance with NRC standard review plan Section 3.S.4.

In order to verify that the results of the detailed seismic analfsis

aresuitablyconservative,additionalana13seswereperformedusingacoupled

model representing the storage cells and upper, intermediate. and lower grid

structural systems.
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TABLE 0.3.

SPC::T TUEL POOL UALL A::D r'.00R LOADO

Pool Wall Leadine Sur.?.ary

Load Maximum Wall Loading For Ca:n Soismte ~acine (KIPS)
Lcca tion Lower Grid Elevationi Intermediate Grid Elevatic,nl Upcer Grid Elceationj

; (Occ Picure 3.11 5 SSE i SSC i % SSE i SSE i 4 SSE E3t .i
.

-

A 3.09 4.22 4.46 6.00 2.23 3.04
B 5.87 8.01 10.04 13.70 5.02 6.85'

C 6.80 9.28 '3.74 21.48 7.87 10.74
0 3.55 4.04 3.98 5.40 1.93 2.70

.

Total Wall icad (KIPS)
Wall Lower Orid Elevationi Intermediate Orid Elevationi Upper Orid Elc14:!o:u

Designation 5 SSE i SSE I 5 SSI I SS } 5 SSC I CSF l

I'North Wall 38.2 49.5 57.5 78.4 28.8 39.2
South Wall 38.2 40.5 57.5 78.4 28.8 39.3
tast Wall 3r.6 52.6 68.5 93.5 34.3 46.S
or Wall 33.6 52.6 68.5 93.5 34.3 46.8

c.

O.: ,

Spent Fucl Maximum Floor Loads (KIPS)Load
Storage F.ack D. + L. + 4 SSE D. + L* + SSE*

)e s c r., p t ic a
Array Si:c 1% Ecu13. Campino 24 Enulp. CaTrine

. .

tax. Lcad Fe r 3x9 10.6 11.37
|ach c f the
Iorner Feet 4 x 10 11.8 12.7

f:ax.
*

Lesd Ter
:ach of the 8x9 23.5 23.1
;cnter Fert

tax. Load for Sx9 16.5 15.1
acn of the
qid-edge rect 4 x 10 lu.67 21.4

i

Igotal 2 Tier 8x9 115.5
,

124.1
) rioor

'* . 4 x 10 57.7 79.0 !

.61 Pool |
.cor Load 346.: .;0 . . :

!
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SCIS?lIC Dit/.CitM AtaALYSIS flCSULTS .

.

I

|
'

flaxitmen acam Stresses (ksi) _
Concrete Dearing

** Stresses (ksi)Dending' Structural Axial *

Incation 1:I cine se t Calculated Allo.zable t'.,1 cu l a t ed Allowable Combined Calculated Allowable
g ,

Oc:;c r i pt ion fa Fa s'b2 + rb 3 Fb _ _ Stress Hatio

!'
_

SSSI: SSC 8;S S C | SSC SSSC SSC a:SSC SSC SSSC SSC SSSC SSC_ 's S S C SSC _

| P rce cria r.c .u ,

Su s .ic C l ci..c n t 1.26 1.72 14.52 23.2 1.99 2.72 10.0 27.0 0.197 0.175
O a ..p'. r..ia
en ..e t : q Plate

F.lement 1.00 3.40 10.0 27.0 1.32 1.01 12.0 19.2

I n t e t me.lia t u
Grid neam
Suic.ac Clement 2.52 3.44 14.52 23.2 3.90 5.44 10.0 27.0 0.376 0.329_ m

| 8j e D i .y h r..ia
'y u r ..c i ng Plato-

.

| Clement l.60 6.96. 10.0 27.0 2.65 3.61' 12.0 19.2

4

8.Owdr I'd g e
,

| Grist r:e:nbe r O.69 0.94 16.02 25.63 4.50 6.23 10.0 27.0 .O.290 0.267

| Cask Area

|
Seitnic Interior
t. r.ic i ng I:er.he r 1.37 1.00- 12.03 20.54 4.41 6.02 10.0 27.0 0.352 0.314

n.t u k In er Grid ,

Pe r i piiu r y location b8! 0.49 0.67 18.0 27.0 0.49 0.67 1,oS 1,70S
Suine.ic location 0 0.57 0.77 10.0 2 Y. 0 0.57 0.77 1.05 1.785

4 er. icing

Intr;rnediate
g
; Grid

i Incition D 0.42 0.57 10.0 27.0 0.42 0,5. 1.05 1.705
I Loeition C 0.66 0.90 10.0 27.0 0.66 0.90 l 1.05 1.7H5
a

*

puocr Grid _
f i.c.i t t ois 11 0:42 0.57. 10.0 27.0 0. 4.t 0.57 1,95 t ,705 -.

___ _ Jfp;i.. inn c 0.40 0.66 l is . O _ 27.0 0.40 0.66 1,05 1, a 5
4%r Plate lasultc. Strect;on are Haxim::a Von iliss.in Streisses.*

,
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O The details of the model and the analysis are given in Appendix G

of Reference 8. The results of these analyses are summarized in Table 8.6.

From Table 8.6 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 S.

1. The results of the seismic and structural analysis indicate

that the deflections and/or stresses in the rack structure

resulting from the loadings associated with the normal and

abnormel conditions are within allowable deflection and stress
*

limits for Seismic Category I structures.

2. Sloshing of pool waters in a seismic event will have insignificant

effectsoIt the fuel storage racks.
O

3. The carthquake generated stresses in the scismic wall bracing

and control rod rack are within the specified allowable values.

4 The analysis of the accidental fuel assembly drop condition
i

indicates acceptable local structural damage to the storage

cells with no buckling or collapse, ne crumbing of the pool

concrete floor and no puncturing of the stainless steel liner.

Therefore, no significant changes in the value of k,ff will

occur and the leak tightness of the fuel pool will be maintained..

5. It is 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.

O

.
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TABLE 8.6

s

TWO TIER 54 MASS COUPLED MODEL SEISMIC ANALYSIS RESULTS

Detailed Verification -

Analysis Analysis
Uncouplec Couplea

Model Model

Overall System
Fundamental Frequency
(min. cps) 11.81 13.32

Spectral Acceleration *
i

value.(G) 0.45 0.45

Maximum Storage Cell
Acceleration Value (G) 1.20 0.791

,

Maximum Storage Cell
Seismic Stress (ksi) 6.18 3.84

Maximum Reaction Loads *
(

,. - (k)

Lower Grid 23.16 12.97'

Intermediate Grid 51.36 50.4

Upper Grid 25.66 29.24

* Reaction loads without fuel assertly impact effects.

.
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O 6.6 SPENT FUEL POOL STRUCTURE

- (Reference 12)

6.6.1 Description

The fuel storage pool is located inside the reactor containment

building (south of the reactor pressure vessel) between elevation 659'-5-5/S" 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 pool floor, the north, south, east

and west walls including their detailed reinforcement patterns, changes in
O

wall thickness and pool floor support walls are indicated in Figures 3.1
.

and 3.2 of Reference 12.

The hori: ental seismic 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-deight

and seismic loads are transmitted to the storage pool floor by the rack support

feet. The impact loads associated with the cask drop event are transmitted

to the pool floor by the crash pad.

6.6.2 Loading Conditions
.

Load Case 1 - Dead Weight D (Nor:.a1 Load)

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

Load Cases 3 to 0 - 1/2 Safe Shutdown Earthquake,

E (Severe Environmental Load)
l

..
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O 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 1/2 Safe Shutdown Earthquake

loading condition only.

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

The pool floor and walls are analyzed for a linear thermal gradient

of 80 F across the thickness of concrete elerrents.

Load Case 8 - Spent Fuel Shipping Cask Drop Impact
O

Load 1.L. (Abnormal Load)

Load Combinations

For service load conditions, the following load combinationsa.

are considered using the ultimate strength design methods

of ACI-318-71.

(1) 1.4 D + 1. 7 L

(2) 1.4 D + 1.7 L + 1.9 E
.

(3) 0.75 (1.4 D + 1.7 L + 1.7 T,)

(4 ) 0. 75 (1. 4 D + 1. 7 L + 1. 9 E + 1. 7 T,)

b. For factored load conditions, the following load combinations

are considered using the ultimate strength design methods

of ACI-31S-71.

(2) 1.4 D + 1.7 L + 1.9 E > D + L + E'*

(5) 1.4 D + 1.7 L + I.L.

.

12".
. _.. - _ _ _.- - . - -- .-.-.. -- -.

- - - - - - - - - - ,a ,a- 7- ---,---7--- -m -- -,n .- -



5 i

O 6.6.3 Design Criteria

The following design codes, regulatory guides and references-

have been used in the structural an'alysis of the fuel storage pool structure.

1. ACI 318-71 " Building Code Requriements for 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."

5. Nuclear Energy Services, Inc. document NES SIA0544, Rev. O.

" Quality Assurance Program Plan for the Lacrosse Boiling

Water Reactor Spent Fuel Storage Rack Design Program", March

1978.

O
6. George Winter, et al " Design 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 distassed in

Section 6.6.2.

| Load
Combinations Limit

1,2,3,4,S U
.

Where U is the required section strength based on the ultimate

strength design methods described in ACI-318-71. The compressive strength
4

of concrete at 28 days is taken at 3500 psi (Reference 10).
*

~

6.6.4 Methods of Analysis

The fuel storage pool floor and walls have been mathematically
,

represented by a three dimensional finite element model (Figure '.1.a of

; Reference 12) consisting of plate elements and having appropriate boundary

130
.
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O conditions. The response of the finite element model of the storage pool

structures to the applicabic loads have been determined using linear static

analysis methods. The computer code STARDYNE was used.

6.6.5 Results of Analysis

, Table 8.2 of Reference 12 presents the results for load combination

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

stress, critical (hori:ontal 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 2.0S2 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 includes the effects of dead, live carthquake and thermal

loadings are summarited in Table 8.4 of Reference 12. It shows that in theO
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 K 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 ratios of maximum shear stress to allowable shear stress for

the pool structure and for the overall building :tructure is 0.479. Similarly,

the sum of the ratios for the maximum mecent to allowable moment is 0.432.

Since these two ratios are less than 1, it can be concluded that the storage *

pool structures are adequate to withstand its own internal loadings as well

as those from the adjacent building structures.

O

.
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TABLE 8.4

RESULTS OF THE STORAGE POOL STRUCTURAL ANALYSIS
| LOAD COMBINATION !4, 0. 7 5 (1. 4 D + 1. 7L + 1. 9E + 1. 7Td)

01
_ _ . . _ _ _ _ .

.

- MAXIMUM ALLOWABLE ISTRUCTURAL DESIGN MOMENT MOMENTEL"~~u r""~
t~"S C R."D"I ON

*Il
' '

DESIGN /AL* OWA3LE ."'
HORIZONTAL HORISONTAL MOMENT RATIO

'

,

REINFORCEMENT REINFORCEMENT
| (K-in/f t) I E-in[_f_t )
i

' Pool Floor (56" Element)' 702.9 1200.0 'O.556

North Wall
.

El. 680'-5" to 701'-3"
(36" Elements) 538.9 1260.0 0.423

.' El. 680'-5" to 701'-3"l

! '21" Elements) 210.8 714.0 0.294
i.

| El. 678'-5" to 680'-5"
' (33.5" Elements) 505.3 1239.0 0.400

El. 659'5.625" to
678'-5" (36" Elements) 708.0 1260.0 0.562.

.b El. 659'-5.625" to
* 678'-5" (21" Elements)I 251.1 714.0 0.352

South Wall
_

El. 672'-0" to 701'-3"
(18" Elements) 149.1 504.0 0.29G

El. 659'-5.525" to
672'-0" (57" Elements)i 779.1 2142.0 0.364

East Wall

El. 680'-5" to 701'-3"
(36" Elements) 601.2 1260.0 0.477

El. 659'-5.625" to
G80'-5" (57" Elements) 1246.9 2142.0 0.502

.

West Wall

El. 680'-5" to 701'-3" .,

(36" Elements) 601.2 | 1260.0 0.477
i

2! 639'-5.623" to I.

([) -
.

(57" Elementa)I 1246.9 | 2142.0 0.502 I630'-5"
i
i_ . .

=

S-6

\
.

_ . " . . -- --

! . 1.
.. . . _ _ _ _ _ _ _ _ . . . _ .

- . - - - . _ . - _ . , , . - _ - . _ _-.



1 I
.

O 6.7 stoa ^ce T^"xs or Tiic w^src otsrosi' auttotuc

, (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 fifth 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 Icg supports. These analyses were response spectra methods

of analyses and yielded conservative estimates of peak stresses which were well

within the allowable stresses. It is concluded that no special probicms exist

in this area.
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I INTRODUCTION *

,

(
The U.S. Nuclear Regulatory Commissicn (NRC) is conducting the Systematic.

Evaluation Program ,(SEP) whicn consists of a plant-Oy-plant safety '

reassessment of a few older operating plants. Lawrence Livermore National
' '

> <
't

Laooratory (LLNL) nas oeen providing technical assistance to the NRC s1faff in

performing SEP seismic reviews. '

As part of the SEP, tne Dairyland Power Cooperative (OPC) was requested
.

's
,

to perform a seismic re-evaluation of the Lacrosse BotHng Water Reactor

(LACBWR) f acilitie's. LLNL and its consultant, EG&G/ San Ram 6n Operations,

reviewed the licensee's seismic re-evaluation program plan and submitted a

summary letter report to NRC on December 7,19FT (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 is' included

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 consultaat, Nuclear Energy Services, Inc.

(NES), in Danbury, Connecticut, ori August 10 & 11, 1982. During the meeting,

a total of five reports in the structures area (Ref. 2 to 6) were handed over

to the NRC Seismic Review Team wnich, in the structures area, includes

personnel from LLNL, EG&G/SR0 and NRC.

A list of questions or coments 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
"

t T
to the NRC on August 16, 1982 (Ref. 7). This new list was again updateo'and

,

included in Section 2.2 of this report.

-1 -
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y Tne following documents formea the basis of our review: NUREG/CR-0098

(Ref. 8), tne SSRT guiaeline for SEP soil-structure interaction review (Ref.,

9), tne Standard Review Plan (SRP), ano the pertinent NRC regulatory guides.

Tne first two accuments prevail wherever tney contradict the SRP ano the NRC

regulatory guides. Tnis is in recognition of the fact that the LACBWR

facilities were designed and Duilt prior to tne publication of the current

design methodology and criteria. In addition, the seismic re-evaluation is

deemed adequate wnen it reasonably meets the intent of the above documents.

The intent of this report is to document the results of this review. The

review covers tne following structures:

1) Reactor containment building<

2) Turbine building

3) 1-B Diesel generator building
.

4) LACBWR stack and Genoa 3 stack

A general layout of the structures included in this review is shown in

Fig. 1. The stacks are not safety related. However, they were reviewed since

tne, collapse of these stacks might endanger the nearby safety related

structures.

Structural Mechanics Associates (SMA), under 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'

tne evaluation of the licensee's re-evaluatio'n results and were used in this

evaluation effort.
. .

Chapter 3 of this report describes t,he seismic inputs for structures and

subsystems. Chapters 4 through 7 present the review of structures described

aoove. Chapter 8 includes miscellaneous items such as the concrete block

talls, roof panels, field erected tanks, and buried piping or tunnels. The

summary ano conclusions of this review are included in Cnapter 2. j

-2-
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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 1-8 diesel generator building, the LAC 3WR Stack and the Genoa 3

stack. The stacks are not safety related. However, the failure of these

stacks might 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
i

sufficient capacity to resist seismic excitation based on NES's

stress evaluation of the steel containment and the outer shield wall
I

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
4

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
i

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 of hollow

<

1

_. _
-3-
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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.

D) LACBWR stack and Genoa 3 stack - These stacks were found to be

overstressed at the top by using ultimate strength design method in

accordance with the acceptable stress limits given in ACI-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. It is necessary to calculate the

seismic capacity of these stacks using ACI-307-79 design code with

possible higher allowable stress limits 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. 1 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

.

-4-
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concentrated on the methodology and criteria that the licensee had committed

to follow in executing tne seismic re-evaluat on program. Most of the

comments of the updated program plan review are related to one or more open

items identified in tne main oody of tnis 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 shield structure. Specifically resolve the

discrepency oetween calculations on pages B-208 and B-222 of Ref. 2.

2) Evaluate tne stability of the containment against overturning

alqng the interfaces between the internal concrete structure and the
~

steel containment, between the steel containment and the casemat,

and between tne basemat and the pile group.

3) Justify the use of in-structure response spectra developed from

the old 2-0 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 the 1-B

diesel generator building for review as soon as they become

aoailable. Evaluate also the effects of floor flexibility on the

vertical in-structure response spectra.

4) Document the finite element analysis of the Genoa 3 stack

basemat and the assessment of the soil bearing capacity.

5) Provide the stability analyses of the LACBWR stack and document

the aetailed evaluation of basemat and piles including the

casemat-pile connection.

.

-5-
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6) Calculate the seismic capacity of the stacks using ACI-307-79

aesign coae witn possiole higner allowable stress limits permitted

by tne NRC (0.8 f'c for concrete and 0.9 fy for steel) (Ref.11),

anc to compare witn the existing results ootained from the ultimate

strengtn design metnod.

7) How tne G and 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. Dames &

Moore report on liquifaction potential (Ref.12) does not have the

cited tables either.

8) Justify ignoring piles and embedment in the soil spring

calculation and assess the effect on in-structure response spectra.

3) The ultimate pile capacity of 400 kips is four times the rated

capacity. Clarify the methodology that was used to derive tnis

number.

10) Justify using a constant 5% eccentricity in the turbine

building, 86 inches eccentricity for the inner snield structure and

neglecting torsional soil spring. Address both the center of mass

and tne center of rigidity. Justif-y 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.

11) Evaluate the sloshing effects in the overnead water storage

tank on the steel containment.

12) Document that the gap tietween the 1-B diesel generator building

and the turoine building is sufficient to preclude interaction

between them.

.

e

-6-
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13) Evaluate the connection between the piles in tension and tne

basemat. What is the maximum numoer of piles under tension at any

one time?

14) Is there any safety related equipment located near concrete

block walls. If so, evaluate the walls or consequence of their

f ailure, including the effects of alteration of gross or local
structural 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. Evaluate also the adequacy of the roof panels

in tne turoine ouilding.

16) 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 behavior of this type of system. Modification 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.

18) Provide description of the turbine building basemat. Evaluate
I

also the seismic capacity of the basemat. Consider the flexibility

of basemat and Justify the methods used in calculating the pile

axial load.

|
,

.
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19) Verify the connection between Duilding basemat and the turbine

peaestal casemat. Compare the result of the combined seismic model

with tnose of the separate models and justify which model is

correct. Verify also tnat tne connectivity assumea in all LACBWR

structural models reflect the actual field conditions, and is

consistent witn the analytical results.

20) Clarify if the basemat is considerea as a lumped mass in tne

seismic analysis models. Justify if it is not.

21) It is not kt:9wn if all computer codes have been officially

verifiea. From tne review of the reports submittea during the

meeting held in NES office on August 10 & 11, 1982, it seems tnat

STARDYNE is the only computer code used. STARDYNE is a public

domain program. Licensee is not required to verify and to document

tnis program. Clarification is needed if there are other in-nouse

computer programs used.

22) Verify the adequacy of all structural connections. Wherever

tne auctile behavior is 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.

8-
.- . _ _ . . - . _ . ,.-



-_

o e

'
.,

3 SEISMIC INPUTS FOR STRUCTURES AND SUBSYSTEMS

3.1 Seismic Input at Free Field

Two seismic spectra at free field (Fig. 2) were used in tne seismic

re-evaluation of LACBWR facilities. One is the NRC R.G.I.60 design spectrum

scaled to 0.129 peak ground acceleration. This design spectrum, together witn
i

a 2-0 lumped mass model, was used in an original seismic assessment of the

reactor containment building 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 tne

reactor containment building. The building response results (excluding the

in-structure response spectra) ootained previously using the 2-0 model we'er
'

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 olo 2-0 moael using<

0.129 R.G. 1.60 spectrum. These in-structure response spectra were continued

to be used to assess the equipment and piping systems inside the reactor

j 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 used. While this

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

|; -9-
-_- . - _ . . - .. _ . - - - _ - _ - - _
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tne aoandoned 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 is more conservative. This, of course, mainly depends upon the

appropriateness of the aoandoned 2-0 model for seismic analysis.

There are no in-structure response spectra submitted for the turbine

ouilaing and the 1-8 diesel generator building. This infonnation should be

suomitted for review as soon as it becomes availaole.

Based on the acove discussion, the following open item has been

identified:

1) Justify the use of in-structure response spectra developed from

the old 2-0 dynamic model for the assessment of the systems and

components in the reactor containment building. Submit the

in-structure response spectra of the turoine building and the 1-B

diesel generator building for review as soon as they become

available. Evaluate also the effects of floor flexibility on the

vertical in-structure response spectra.
,

4 REACTOR CONTAINMENT BUILDING

4.1 Description of Structure

The Lacrosse reactor containment building is a welded steel cylinder

citn reinforced concrete internal structures. The cylinder has a

hemispnerical upper dome which encl,oses an integral 42,000 gallon water

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

.

.
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reinforced concrete, pile supported, foundation which is approximately three

feet tnick. Aod1tional concrete is placed above tne lower head to form the

basement floor and support the concrete internal structures. The overall

neignt of tne containment shell is approximately 144 feet and the inside

diameter is 60 feet. Tne cylinder is emoedded 26'-6" below grade to the

extremity of the lower ellipsoidal nead. Major penetrations include the air

lock with the fuel transfer equipment, the freight door, and the emergency air

lock. A nine incn tnick outer shield wall is located inside the steel

containment shell and extends up to and supports the main crane girder. The

outer shield wall is integral with the concrete internal structures, out is

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

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

Tne steel containment vessel for LACBWR was fabricated and erected

oy tne Cnicago Bridge & Iron Company. The vessel was designed to Sections II,

VIII, and IX of the ASME Boiler and Pressure Vessel Code with Nuclear Code

Cases 1270N, 1271N, and 1272N. All plate parts subject to internal pressure

mere faoricated from A201B to A300 steel.

The cylinder and lower heads are fabricated from 1.16 inch thick

plate. The top head is f abricated 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 nead is supported by the reinforced concrete foundation slab;

additional concrete, up to approximately six foot thick, is placed above the

Dottom head to form the basement and sump floors. No shear ties or other
l
! means of positive anchorage exist between the steel shell and concrete.
!
,

!
t i

!
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Ine Lacrosse Boiling Water Reactor built 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-tuce, cold rollea, seven gage piles were used. Tne approximate elevation

of Dedrock is 507' or an additional 73 feet below the average bottom of the

piles.

4.2 Seismic Re-evaluation Performed by NES

The seismic analysis of the reactor containment Duilding was

performed using a three-dimensional lumped mass stick model. The model is

shown in Fig. 4. At each node, only the translational masses were

consiaered. The masses associated with the rotational degrees 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 itiner shield building were not considered in

constructing the model. However, a constant eccentricity 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

f requency independent lumped soil springs calculated based on the linear

elastic half space theory. The effects of piles and embedment were not

considered. The best estimate soil shear modulus of 2400 ksi was multiplied

or divided by a f actor of 1.5 to yield the upper or lower cound estimates

respectively. This calculation was done to account for the possible

uncertainties of the soil properties and the soil-structure interaction

l.
.
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metnocology. It was found that the upper bound estimate of soil,snear modulus

yielas the hignest shears and bending moments for steel containment and inner

shielo structure. The effect of variation of soil aroperties on the. moment

responses of the outer sniela wall ano tne vercical or axial responses of all

structures were not presentea.

Damping 'alues of 4% and 7% were used for steel and reinforceov

concrete, respectively. These values are consistent with NRC R.G.I.61 values

for stresses just below yield. Tne damping values for soil were not

reported. However, Judging from the composite modal danping values presented,

wnich fall between 4% to 7%, it appears that additional damping due to

soil-structure interaction was not included.

The mooal response spectrum metnod using the STAR 0YNE computer coce

was useo. U.S. NRC R.G.1.92 was cited as the guideline for the comoination

of modes and the three 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 comoined

uy SRSS. The axial stress due to vertical seismic response was inadvertently

omitted in combining the stresses for the steel containment. In general, the

stresses 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.

: -
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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 8 & PV code (1977) and the ACI-318-77 code. The area of

reinforcement in the support 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 loads 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
t

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.
.

i

'

.
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Stiffness proportional composite modal damping in each mode was ootained by

assuniing 3 percent of critical camping for steel and 4 percent of critical

camping for concrete. For the mooal analysis, modal damping was restricteo to

a maximum of 20 percent of critical.

Loads in tnis analysis were c':veloped using the same NRC site

specific norizontal ground response spectra as used in the seismic

re-evaluation performed by NES. Vertical spectra were assumed to be

two-tnirds of tne norizontal spectra. A response spectrum analysis was

performed and the modal responses were combined using a modified SRSS method.
1

Since no steel reinforcement details were availaole, concrete wall capacities

were assumed to be 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

details for the piles were not availaole, their capacities could not be

evaluated. Longitudinal ana snear stresses were computed for the steel

containment vessel. It was snown tnat those stresses are relatively low, and

tne comaination of seismic and dead weight compressive membrane stresses is

i 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

tne stick modal appear reasonable. The number of lumped mass points seems to

be sufficient to neglect the rotational degrees-of-freedom for each node.

However, neglecting the true locations of the mass center and the center of

rigidity for the inner shield structure needs further justification.

-15- |
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Soil damping values were conservatively neglected. However, damping

values of 4% and 7% appear hign for steel and reinforceo concrete at stresses

substantially lower than yield. They are acceptable for the safety assessment

of structures only if brittle type failures are excludea and if the overall

stress level consistent with these damping values can be reached before the

system dynamic behavior were significantly altered due to yielding of certain

major structural elements. Use of these values would be unconservative for

development 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

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

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

To assess the results of tne seismic re-evaluation, a comparison of

tne soil-structuare interactio' and the natural frequency information betweenn

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

believed 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 table, it is clear that the upper bound estimate case dominates in both

NES and SMA results.
'

Note tnat while the soil spring values and the natural frequencies

analyzed by NES and by SMA differ, the total shears and the total mcment at

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

-16-
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not clear wny there is a significant difference between the moments aoout the
6two norizontal axes in the NES results (1.73 x 10 kip-in/ rad vs. 2.6 x

510 kip-in/ rad for example) while the dominating frequencies for these two

airections are very close. Due to tne higner total moment aoout tne E-W axis,

tne maximum compressive anc tensile forces on tne pile in NES results are

significantly n'igner than tnose from SMA's analysis. Tne NES reportea maximum

compressive force of 191.5 kips in the pile is significantly higher than tne

rated capacity of 100 Kips. NES consiaerea the ultimate capacity of tne pile

to be 400 kips. However, justification is needed. Since tension in some

piles was founa in ooth tne NES and SMA studies, it is necessary to study the

pile cap connection to determine if it can withstand the maximum tensile force

aue 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. It appears that the friction rather tnan

tne cond along the surface of the steel containment is the only tangential

force transfer mecnanism. A stability study is needed to determine if the

steel containment will overturn during a seismic event.

Tne water tank inside the steel containment holds 42,000 gallons of

trater. It is at tne top of the steel containment snell. No study was made to

; cetermine the sloshing effect of the water on the shell. Since the tank is at
1

such a high elevation, the seismic effect could be significant.

.
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dased on the confirmative type of capacity evaluation performed by

dnA without detailed stress calculation, it appears tnat the reactor

containment building mignt be able to withstand the SSE describec 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 tue following to summarize the review.

1) Clarify the stress and capacity calculation for tne lower

columns of the inner shield structure. Specifically resolve the

discrepency Detween calculations on pages B-208 and B-222 of Ref. 2.

2) Evaluate the stability of the containment against overturning

along tne interfaces between the internal concrete structure and

tne steel containment, cetween tne steel containment and the

baiemat, 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. Clarify the methodology that was used to derive this

numoer.

'5) Justify the use of a constant eccentricity of 86 inches for the

inner-snielo 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.
.

9
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7) L,aluate the connection between the piles in tension and the

basemat. what is the maximum numoer of piles under tension at any

one time?

8) Justify that the assumed structural camping values are acequate

considering botn tne structural responses ana the in-structure

response spectra. Please note that some modes of v'1 oration might

have little soil-structure interaction phenomena. The neglect of

soil damping would not reduce tne modal damping for tnese moces 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 turbine generator and the associated equipment are in the

South part of the building. The control room and electric equipment room are

in tne east and are adjacent to the reactor containnent buiiding. The north
'

portion consists mainly of non-safety related f acilities, 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 acout the general

arrangement of turbine Duilding.

The turbine building above the main floor outside the control room

area is mainly a steel frame structure covered with insulatea steel siding.

The roof is a structural steel frame supporting precast concrete slabs. The

builaing Delow the main floor is basically reinforced concrete. It includes

.
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tne ground floor and a mazzanine floor. The building sits on a group of 311

piles. No aescription of tne casemat was founa in the report. It is not

clear if the casemat of the building is monlithically connected to the basemat

of tne turoine peoestal to form a single piece.

5.2 Seismic Re-evaluation

5.2.1 Seismic Analysis Models

Tnere are three lumpea mass stick models (Figs. 6, 7, and 8)

used in the seismic re-evaluation of the turbine building: 1) building model

witnout the turbine pedestal, 2) turbine pedestal model without the building

and 3) comoined mooel of the building ana the turoine pecestal. The results

of the comoined model was used to evaluate tne piles only ana was not compared

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 tne reduced matrix size of 12 degrees-of-freedom in the computer output, it

1s Delievea tnat tne basemat was not lumped as another mass point and was

ignored. Like the inner shield of the reactor building, tne locations of tne

center of mass and the center of rigidity were not actually modeled. Insteaa,
,

their effect was represented by assigning an eccentricity equal to 5% of tne

builaing aimensions in the corresponding two horizontal axes for the main

floor and mezzanine floor. Below the main floor, the member properties of the

building model were calculated ADout the area Centroid of the structural

elements oetween two floors. Above the main floor, the structure is

consicered as symmetric about two horizontal axes and the member properties
.

:b
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were calculated based on the stiffness of th.e bracings and the member

properties of tne columns. The soil springs were calculated based on elastic

half space theory. Tne effects of piles were not considered. Also, the

torsional soil spring was not used.

Tne turoine pedestal ana its basemat was believed to have been

modelec Dy a single lumpea mass with three translational aegrees-of-freeaom
~

only, Juaging from tne computer output wt.ich lists only three modes. No

aescription was given regaraing the eccentricity of tne lumpea mass ano the

mass of the basemat. It is believed that they were treated in the same manner

as the building mocel. The soil springs without the torsional mode were

calculated again using the linear elastic half space theory and neglecting the

effect of piles. The basement of the turbine founaation is assumed to be

separated from tnat of the building and has a dimension of 26.5''x 71.8'.

The comDined model includes the two lumped mass stick models

for the building and the turbine foundation. A rigid link at the basemat

elevation is 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 aoove ground floor of these two structures. The soil

springs are the same as those of the building model.

There is no description of damping values in tne report.

However, it is believed that 7% was used for all modes for all three models

since the ground spectrum corresponding to 7% cnly was usea.

-21-
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5.2.2 Stress Analysis

Tne structure aDove the main floor is mostly structural steel

except for the control room area. It was analyzed oy a finite element mocel.

Tne structural steel memoers were moaeled oy beam elements while the

reinforced concrete was mocelea by plate elements. The envelope acceleration

responses from tne seismic analysis of tne building mocel were usea as the

input seismic load. It was found that many steel bracings would be buckled

and overstressed 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

building seismic analysis model. The stress level is very low compared to the

allowables.

A finite element model employing beam elements was also used to

calculate tne stresses of the turoine pedestal. Tne stress level was also

found to oe very low.

The seismic load on piles were calculated from the comoined

moael for seismic analysis. The maximum force on tne piles due to cead load

and seismic load was found to be 81.8 kips which is lower tnan the rated

allowable load of 100 kips. No tensile force was found in any of the piles.

Tne method used in calculating the load on piles implies that the basemat of

the turbine building 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 lumpea mass point. It is reasonaole to believe that most of the

structural weight aoove the basemat was accounted for. It seems that the
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casemat was not included as a lumped mass point in any of the three dynamic

moaels. No description of the basemat was given in tne report. It is also

not clear if tne building basemat and the basemat of the turoine pedestal are

separated or form a monolitnic piece. Further clarification or justification

is needed.

For the building seismic analysis model, the calculation of

torsional rigidity and shear f actors needs justification. In all three

seismic analysis models, tne true locations of mass center and tne center of

rigiaity were not accurately modeled. Their effects were arbitrarily

represented by assigning eccentricities equal to 5% of the building dimensions

in two norizontal directions. Justification is needed.

Since the turbine building is not massive considering the size of

the casemat, the soil-structure interaction effect may not ce significant.

Tne use of half space theory neglecting the pile effect is judged to be

sufficient. In this case, the 7% concrete damping, if used, could be 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

Duilding is light and has a large horizontal dimension compared to tne

vertical. The flexibility of the basenat is further evidenced by the

nonuniform arrangenent of the piles. Piles are concentrated in areas where

heavy dead load is expected, such as the areas under the intersections of

column lines and under the columns of the turbine pedestal. Tne calculation

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

.

.
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Tne use of envelope peak acceleration response in tne stress

computation is conservative. bome oracings in the turbine builaing were founa

to De overstressed. However, in tne static model, the rather light cross

oracing was consicerea to oe capaole of taking compression. In actuality,

only tne tension memoer woula De taking significant load. A moael consiaering

nalf of tne oracing acting and evaluation of tensile stresses woula ce more

appropriate.

The turoine and turoine pedestal are usually not safety related.

The turoine pedestal seismic analysis was reviewed here since there might be

some safety related equipment located close by and tne failure of the turbine

pedestal mignt enaanger the nearoy equipment. The stresses in the turbine

pedestal were found to be very low. The turbine pedestal stresses are low

enough such that it would be adequate even if the soil-structure interaction,

tne center of mass and the center of rigidity were not accurately accounted

for. The stress analysis of the water tank was not reviewed since t'he tank is

not safety related ana there is no safety related equipment close by.

To conclude tne review of turbine building seismic re-evaluation, a

list of open items, which need further clarification and justification, are
iaentified Delow.

1) Justify using a constant 5% eccentricity ano 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 flexibility

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 lumped mass in the

seismic analysis models. Justify if it is not. '

5) Many bracings are predicted to be over stressed under seismic

load. The model used 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 it's 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.

i

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 diesel 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

hollow and are not reinforced. The roof is a steel frane structure with

precast lightweignt concrete panels except an 8'-6" x 21'-10" reinforced

concrete slao. The casement is a 2-foot tnick pile supportea reinforced

concrete slab. A 2-incn gap is proviaea between tne basement of tne 1-8

alesel generator ouilding ana tne turoine outlaing to avoia interference in

seismic movements. Nineteen concrete filled piles with a design load capacity

of 50 tons each were useo. A general layout plan is shown ir. Fig. 9.

6.2 Seismic Re-evaluation

A dynamic analysis of 1-B diesel generator building was not

perfo rmed. 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. Tne vertical seismic response was taken as 2/3 of the horizontal.

The concrete block walls, the precast concrete roof panels, and the

reinforcea concrete roof slab were not relied upon to carry the seismic load

in tne outlaing integrity assessment. Tney are assumed to De 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 allowaole 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 roof

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 than 1.ts-rated capacity of 100 kips. No tensile

force was found in any of the piles. The pile-basement connections were not

evaluated.

6.3 Review and Discussion

The methodology and criteria used in the seismic re-evaluation of

the 1-B deisel generator building appear reasonable. The equivalent seismic

load of 1.5 times the peak acceleration of the ground 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 kips. 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.

In summary, the 1-B diesel generator building steel frames are

believed to be able to withstand the postulated seismic event. The

un-reinforced hollow concrete block walls were not 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 ultimate strength. However, the

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

.
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tne possibility that the panels might fall from the roof. The precast roof

panels and tne concrete olock walls will oe discusseo further in Section 8.1.

Tne following open item needs further evaluation:

1) Document that the gap oetween the 1-B aiesel generator Duilding

anc the turnine Duticing is sufficient to preclude interaction

oetween tnem.

7 LACdad STACK AND GENOA 3 STACK

7.1 Description of Structures

Tne LACBWR stacx (Fig. 10) is a 350 feet hign tapered reinforcea

concrete cnimney. It nas an outside diameter of 7.19 feet and a wall
'

thickness of 6 inches at the top. Tne outside diameter and wall thickness

increase from top to bottom and reacn 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 high, tapered
'

reinforced concrete cnimney. It has an outside diameter of 17.42 feet ano a

udll tnickness of 7 incnes at the top. The outside diameter and wall

tnicxness at tne cottom are 38.20 feet and 24 inches, respectively. The stack

nas an independent steel liner, whicn is a cylinder of 15.25 feet in diameter
I

for most of its neight. The liner bells out at its base and is supported on a

! concrete pedestal. The basemat is a 75 foot octagon reinforced concrete slab

tnat varies from 3'-6" to 7'-0" in thickness. The basemat is directly

; supported on soil'. No piles were used.
;

!

!
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7.2 Seismic Re-evaluation
~

Lumpea mass stick models were used for tne seismic anafyses of tne
.

stacks. These models are snown in Figures 10 and 11. Only translational'

aegrees of freeaom are considerett at eacn lumpea mass point. It'appe rs that

a system camping of 7% was usec Judging from the fact that ground spectrum ['

with 79. camping only was used in the analysis.

The soil-structure interaction effect was represented, by a s5t of

f requency independent 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 soil properties. ;

For each stack, seismic analyses were perfonned for two shear '

moduli using the response spectrum methoc. ' Tne closeness of the natural

frequencies and the moment responses throughout the heignt calculated from
~

tnese two shear moduli for each stack inaicates that the soil-structure

interaction effect is very small.

Tne stacks were analyzed using the ultimate strength design method

presenteabyCannonandBoop(Ref.14). Theacceptableultimatestressvalues\
as given in the ACI 318-77 Design Coce were used to calculate the ultimate

moment and shear capacities of the stack cross-sections uncer dead load and

seismic load. The ultimate shear capacity of the stacks was founa to be

considerably greater than the seismic shears. The seismic moment exceeds the

ultimate moment capacities of the stacks for the upper portion of the stacks.
.

Figs.12 and 13 show the seismic moment ano' ultimate moment capacity along the
.

neight of the stacks and indicate the possible~ f.ailure 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.

It 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 7f. 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 f ar 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 possible higher allowable
,

stress limits permitted by NRC (0.8 fc' for concrete and 0.9 fy for steel)

(Ref. 11).

-30-
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USNRC R.G.1.92 was used in tne analysis of both stacks. However,

it is not clear now it was actually applied regarding the treatment of tne

three spatial components of an eartnquake. If the maximum stresses at two

points 90 degrees apart in tne noop airection were comoined by SRSS as in the

steel containment, tne reported results coulo be conservative. This would

provide some relief on tne loads contained in tne report.

Tne Genoa 3 stack report indicates tnat a preliminary analysis of

tne octagonal basemat of tne Genoa 3 stack found it to be sligntly

overstressed. The report also stated that a detailed finite element model was

to De developed for further evaluation. The seismic and dead weight loadings

and the soil oearing pressure distributions were sent to Dames & Moore to

confinn tnat the soil could to withstand tnese loads. However, the detailed
,

information regarding the Genoa 3 Dasemat finite element model and the soil

Dearing capacity was not received for review. The detailed infonnation should
-

be reviewed as 'soon as it becomes available.

The LACdWR stack report states that tne basemat was evaluated and

will not be overstressed and the piles were found to meet the requirements.

However, there is no detailed information given regarding these analyses.

The stability of the LACBWR stack was not analyzed. If the tensile
capaDility of piles is relied upon for stack staoility, the basemat, the pile

caps and the piles should be evaluated in terms of the tension force that can

be carried.

Based on the above review and discussion, the following open items

.are identified.

.
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1) Calculate the seismic capacity of the stack using ACI-307-79

design coae with possiDie higner allowaole stress limits permitted

by the NRC (0.8 fc' for concrete and 0.9 fy for steel), old to

compare witn the existing results obtainea from the ultimate

str angth design method.

2) Provide the stability analyses of the LAC 6WR stack and document

tne detailed evaluation of casemat and piles, incluaing tne

casemat-pile connection.

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

basemat and the assessment of the soil bearing capacity.

8. REVIEW OF MISCELLANE0US ITEMS

8.1 Concrete Block Walls and Concrete Roof Panels

It is not clear if there are any concrete block walls inside the

reactor containment building and the turbine building. The concrete bleck

walls in the 1-B diesel generator building were not evaluated. Tnese 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-B
^

diesel generator builaing. The precast roof panels in tne 1-B diesel

generator ouilding 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 turDine

builaing was found in the report. Neither report discussed whether the

-32-
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connections between the roof panel and the steel roof framing would prevent

tne roof panels from falling during an eartnquake.

Two open items are iaentified below:

1) Is tnere any safety relatea equipment located near concrete

olock walls. If so, evaluate tne walls or consequence of their
- f ailure, incluaing the effects of alteration of gross or local

structural response.

2) Evaluate connections of precast roof panels in tne turbine

building and the 1-8 diesel generator builoing or consequences of

the panels falling. Evaluate also the adequacy of the roof panels

in the turoine building.

8.2 Field Erected Tanks and Buried Piping or Tunnels
'

Tnere is no safety related field erected tanks and Duried piping.

However, it is not clear if tnere is a tunnel on site that houses safety
related piping or equipment. A response from the licensee on the following

open item is 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

|

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
6 6 6 6 6Load Moment N-S axis NA 1.50 x 10 1.73 x 10 1.37 x 10 1.60 x 10 1.61 x 10
6 6 6 6 6(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
i Max. Tension (kips) 41.8 9.9
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|: Table 1 Comparison of the SSI information and the natural _ frequencies of the dynamic moilels prepared by flES and SMA
i. NES 5f4A'

'

LB = BE/1.5 BE LB = 1.5 GE L8 = 0.5 BE ITE I . 5 B E-Shear
modulus,G(ksf) 1600 2400 3600 1120 2230 3350

3
_ _ _ . . . . .__ _ _ _ _ _ _ _ . . . _ _ _ _ .

,

Effect No No No Yes Yes Yes
; of piles?
,

SSI Effect No No No Yes Yes Yes
of Embedment?

3 3 3Translation (k/in) 21.4 x 10 32.1 x 10 48.2 x 10 24.0 x 103 48.2 x 103 62.3 x 103
9 9 9 9Rocking (k-in/ rad) 2.53 x 10 3.80 x 10 5.70 x 10 1.90 x 10 3.00 x 109

_
4.30 x 109

Vertical (k/in) 23.5 x 103 3 3 335.3 x 10 53.0 x 10 48.1 x 10 73.4 x 103 104.4 x 103
.

Torsion (k-in/ rad) 3.85 x 109 5.77 x 109 8.66 x 109 1.70 x 109 3.50 x 109 4.50 x 109
.| Horiz. N-S 1.55 1.88 2.25 1.27 1.60 1.88

Lowest
Frequency Horiz. E-W l.55 1.87 2.24 1.27 1,59 1.87in 4

! Vertical 4 .0'9 4.97 6.03 4.72 5.80 6.84

i
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APPENDIX A
.

HEVIEW SUMMARY OF THE SEISMIC RE-EVALUATION PROGRAM PLAN

ITEM ADDRESSED? ADEQUATE 7

I. Soil and Foundation

A. Rock Site n/a n/a

d. Soil Site

o Foundation Input yes yes '

o Generation of time history yes yes (1)

o Modeling tecnnique yes yes

o Computer Codes no no (7)
C. Description of Foundation yes no (2)
U. Free Field Input Spectrum yes yes (3)

II. Structural

A. List and Description of Category I yes (4)

Structures or Structures Affecting

Category I systems or Components

: B. Modeling Tecnniques

o Damping yes (5)

o Stiffness modeling yes no (6)
o Mass Modeling yes no (6)
o Consideration of 3-D effects yes no (6)

C. Seismic Analysis Methods

Response Spectrum, time history yes yeso

or equivalent static analysis

-36-
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i Selection of significant modes yes yeso

o Relative displacements no --

o Modal comDinations no --

o Three component input yes yes1

o Floor spectra generation yes no (8)
o Peak croaaening no no (8)
o Load combination yes yes

D. Analytical Criteria,

o Codes and criteria, including yes yes

AISC, ACI and NUREG/CR-0098

E. Computer Codes

o Description and verification yes no (9)
i

i

1

i

"
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Connents

1. A time history wnose spectrum envelops the R.G.1.60 shape at 0.12 g

snould De adequate for the reactor containment building; however, review

will oe required. Time histories for other buildings, if used, were not

availaole and were not reviewed.

2. The reactor Duilding and LACBWR stack are supported on pile foundations.

No description of the basemat for the turbine building is available.

3. An NRC site specific spectrum was used. The original work done by Gulf

United for reactor containment building in-structure response spectra

used a 0.12 9 R.G. 1.60 spectrum. This envelops the NRC site specific

spectrum at 0.105 9

4. NRC staff will determine the completeness of the list.

5. The aanping values used for the seismic safety assessment of buildings

and stacks are reasonable. No in-structure response spectra were.

available for review. It is not clear what structural danping values

were used in developing in-structure response spectra. The level of

damping used should correspond to the stress level actually predicted for

the building structures.

6. It is not clear if the mass of the turbine building basemat has been

included in the dynamic analysis models. The treatment of the mass

center and the center of rigidity in the reactor containment building and

the turoine ouilding needs justification. In addition, the calculation

of shear area and torsional rigidity is not clear.

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

,

.

.
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8. If a component support is located away from the center of rigidity, the

effect of torsional response of the building should be included in the

floor spectrum used to analyze the component.

There are no in-structure response spectra received for review. NES

statea that, for the reactor containment builaing, the floor response

spectra oeveloped by Gulf United Services using the olo 2-D model were

used 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 the

old 2-D model yields conservative floor spectra. Further Justification
is 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

is 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.

-39-
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ABSTRACT

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 Livermore National Laboratory (LLNL). No thermal
or pressure loads were considered in the present study.

A lumped-mass stick model was developed for the containment

structure. Soil-structure interaction was accounted for by adding
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

criti cal . 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 containment 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 containment vessel stresses remain relatively
low 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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StM1ARY

.

An analytical, multi-stick model representing the containment
; structure of the La Crosse nuclear power plant was developed. The model
'

included 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.

' '.

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
i f actor was then applied to the total stiffness to account for the multi-
I pile group interaction. The effects of reactor vessel and foundation

slab embedment were also added to the corresponding stiffness and damoing
impedance terms. Stiffness proportional composite medal 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,

I
i modal damping was restricted to a maximum of 20 percent of critical.

Loads in the present analysis were developed using the LLNL 0.11g
site specific horizontal ground response spectra scaled. Vertical spectrai

| were 7.ssumed to be two-thirds of the horizontal 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,

J 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
,

r computed shear loads were below ultimate shears. Peak axial loads and

f peak moments were also computed for the piles. Since reinforcement

vii
,
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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 membrane

stresses is much lovar than the code allowable buckling stress.
!

k
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1. INTRODUCTION

i

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-

I
cal power. Allis-Chalmers Manufacturing Company designed and supplied

the nuclear steam supply system (NSSS) and Sargent & Lundy Engineers was
. the architect-engineer. Comercial 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,

j 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 Reactor (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

; andLoss-of-Coolant-Accident (LOCA) loads. This work is being performed
I for the U.S. Nuclear Regulatory Comission (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
Structural Mechanics Associates, Inc. to determine the capacity of the
LACBWR containment building and concrete internal structures to withstand

the seismic load conditions. No effects of LOCA loads or other extreme
load conditions are combined with the seismic and normal operating loads
in this report. The results of this work were also used to evaluate the

'

licensee'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

. .

1-1
,

- -



i.

:

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 identify safety issues and provide a balanced, integrated
i approach to assessing capacity.

'

,

This assessment of LAC 8WR focuses on the integrity of the
,

containment building. The original intent of the evaluation was to
I concentrate on the overall behavior of the containment building to

withstand the combined seismic and LOCA pressure and thermal loads, and
,.| to identify any areas where additional effort is required. Therefore,

numerous details such as hatches and penetrations are not included. Thei

! containment shell is asstned 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.
,

j. 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 soectra,

were generated, and no seismic capacities of oiping or equioment were in-
vestigated. Although the assessment of the containment vessel integrity,,

i does not nomally require a detailed consideration of the reactor building
I

internal structures, some results are included in this report since they
; are a direct result of the overall structure seismic model analysis.

. 1.2 EVALUATION CRITERIA
1
t In general, the current review is not based on demonstrating

compliance with specific design codes or other current acceptance
'

criteria. This has also been the approach used to date in conducting the

1-2
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; seismic evaluation of the SEP plants (Reference 3). While capacity
reduction factors ( + factors) and similar approaches are necessary in the
design codes, the evaluation conducted for LACBWR is 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,

I
Shutdown 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.
, j The site specific earthquake characteristics including the peak ground

| acceleration level and corresponding free-field ground response spectra
i were developed for the LACBWR site by LLNL (Reference 4).

>

>
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2. STRUCTURE DESCRIPTION '

.

The La Crosse reactor containment building is a welded steel
cylinder with reinforced concrete internal structures. The cylinder has

I
a hemispherical 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, 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 is approximately 144 feet and
the inside diameter is 60 feet. Grade elevation is 639'-0". The cylinder,

is embedded 26'-6" below grade to the extremity of the lower ellipsoidal
i head. Major penetrations are located at near-grade and include the air
; lock with the fuel transfer equipment, the freight door, and the emergency
i air lock. 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
inch thick outer shield wall is located inside the steel containment shell
and extends up to and supports the main crane girder. The outer shield

| wall is 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.;

t

2.1 STEEL CONTAINMENT VESSEL

The steel containment vessel for LACBWR was fabricated 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 ASE Boiler and Pressure Vessel Code with Nuclear Code Cases 1270N,
1271N, and 1272N. Design temperatures were 280 F maximum and -20 F0 0

minimum. All plate parts subject to internal pressure were fabricated
,

from A201B to A300 steel with Charpy keyhole test of 15 ft-1b at -50 F.0

All butt welds were 100% radiographed.
.

'
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The inside radius of the cylinder and the hemisperical top head
'

is 30'-0". The overall height is 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 lowr 450
segnent and 0.705 inch thick plate for the remainder of the head. The
bottom head is supported by the reinforced concrete foundation slab and

'

additional concrete up to approximately six foot thick is placed above
'

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 is supported on a
total of 230 steel encased concrete piles. The minimtan specified bearing
capacity of the cast in-place piles is 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 wasi.

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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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 fimly 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.
i
L

i 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.

j 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
i Shutdown Earthquake (SSE) characteristics for the site. A peak horizontal
r

[ ground acceleration level of 0.12g for the SSE was deve kped for the site.
|t The horizontal ground response spectra recomended 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 unifom 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 initial 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

i 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 Model

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 sumation
of the indivichal pile stiffnesses with no reduction for pile group

i eff ects. The mass of the soil within the pile group was included but no
stiffness was attributed to this soil. Elastic half-space frequency,

i !
,

!

).
~
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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 embednent stiffness was included which
appears to have been developed for a single equivalent cylinder-

mpresenting 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. -

i

A stress evaluation for the LACBWR reactor building based on the
'

seismic loads described ~ above was also conducted. At several locations
'

in the lower elevations, the maximum seismic moment was found to exceed
'

the yield moment capacity. All seismic moments were found to be less than
'? the ultimate moment capacity of the structure, and no seismic shear loads
;g wem found to be in excess of the ultimate shear capacities throughout

| the structure.
,p

| 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
input from the reactor building structural model. Low stresses in the,

|' tank were computed.
|
' i

'!
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TABLE 3-1.

SOIL OVERBURDEN CONFIGURATION
,

Depth to
Soil Thickness Bottom
Layer (ft) (ft) Dry (Weightpcf) Description

1 18 18 105 Hydraulic fill, medium sand
2 12 30 101 Fine to medium sand
3 70 100 107 Fine to medium sand, some

fine gravel
4 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
r.

f

|

l
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TABLE 3-2

STRAIN COMPATIBLE SOIL PROPERTIFS FOR
0.12 G SSE MOTION AT SURFACE

,

Shear Damping Shear RMS Shear
Zone Soil Modulus Ratio Speed Strain8Number layer (PSF x 10 ) % (FPS) %

-

1 1 0.997 11.5 553 0.318 x 10-2
2 2 2.16 5.0 830 0.356 x 10-2
3 3 1.94 8.1 820 0.601 x 10-2
4 3 2.23 8.8 820 0.715 x 10-2
5 3 2.51 9.3 869 0.800 x 10-2
6 4 2.65 3.0 829 0.880 x 10-2
7 5 3.01 3.5 917 0.892 x 10-2

.

.
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4. SEISMIC MDDEL

'

The evaluation of the capacity of the La Crosse Boiling Water
Reactor for the SEP was conducted using a new soil-structure interaction

'

model of the reactor building. The original scope of work was to

evaluate the containment 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
included as discrete elements, and no in-structure response spectra or
time-histories wera 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 loads 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.i

'

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 & Moore (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.

:

.

'
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4.2 SOIL PROPERTIES

The soil properties used in the current SEP evaluation were based
on values developed by Dames & Moore for the original seismic investiga-

g 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
soil 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 conparable. 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 soi,1 zones
f identified by Dames & Moore results in a best estimate shear modulus of

6approximately 2.37 x 10 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 fill-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.

4-2

.

y -
-



, _ ._- . _. -- . . .. - . - - . - - --. -

* .
*

.

1-

1

|!
In order to account for the uncertainty in the soil properties, '

a range of soil properties was used in determining the soil foundation
i. stiff ness. Reference 7 reconnends 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 reconnendation was used for the 10wer
bound case which results in a 1.12 x 106 psf shear modulus. Following,

i' the reconnendations of Reference 7 for the upper bound case results in an
,{ increase of less than 12% above the best estimate case, however. There-

i fore, in order to account for a greater possible uncertainty in the soil
! properties; a soil shear modulus equal to 3.35 x 106 psf or a 50%

increase above the best estimate, was used for this investigation.
Hysteretic soil damping equal to 7% was assumed for both the upper and

J 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,

k
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
j to the problem is described in the following paragraphs.,

i 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

I considered justified. Soll-shear modulus is assumed to vary parabolica11y
. with depth, and the value of shear modulus at the pile tip (G ) is variedt

_ 50 percent. The important parameters affecting the stiffness and+,;

i damping of a single friction pile are /G /E , p/o , t/r, and V /Y >t b tp
[ where Gt = soil-shear modulus at the tip, E = Young's modulus of pile,

p /pp = ratio of soil density to pile density, t/r = ratio of pile length
j to pile radius, and V /Vt = ratio of shear wave velocity below tip tob
. .

'
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shear wave velocity at tip. Of the above parameters, the slenderness
'

ratio (1/r) and G /E ratio have a more profound effect on pile stiffnesst

and damping. Table 4-1 shows stiffness and damping for a single pile for-

three values of soil shear modulus, i.e., upper bound, best estimate, and
! lower bound. Rocking and torsional 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 soil conditions. Stiffness values are
seen to decrease with lower soil moduli but not in direct proportion,

indicating the effects of the relative stiffness of the pile itself which
remains constant. Once individJa1 pile stiffness and damping are deter--

,

mined, the overall foundation stiffness and damping can be determined as,

[ follows:

"; K,= k, vertical translationc
.

K *
u c "

u
n
kx2K,= j rocking

n
'

K = E k 'i Torsione ui=1
,

In the above equations, the left hand side represents an overall

7 foundation stiffness, n is the total number of piles, c, and cu a n grouo
interaction factors (Reference 10), xj is the distance from the-

rotational axis in rocking to pile 1, and rj is the distance from center
of rotation in torsion to pile 1. 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

i 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 embednent on stiffness and damping impedance
terms were computed separately (Reference 11) and added to their
corresponding terms.

4-4 -
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In order to account for possible separation of the containment
vessel from the soil &e to lack of tensile capacity of the cohesionless
soil, only one-half the theoretical embehent effect was used in this
analysis. Overall foundation stiffness and damping for the upper and
lower bound soil shear moduli, as well as the best estimate shear
modulus, are listed in Table 4-2.

.

Shown in Table 4-3 is 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 group without any embehent effects.
Comparison of the last two columns of Table 4-3 reveals that taking into
account the embe&ent 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 aridition 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 soil cases for the seismic response analysis.

'
,

4.4 STRUCTL9E 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 symetric '

about the N-S axis. This axis is denoted by X in the following
discussion. Stiffnesses and masses for the steel containment, outer

I shield structure, and the inner shield structure were computed
separately. 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 nesponse could influence the overall structure
response. However, no details of the reactor vessel were available to

.
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independently determine its dynam'ic characteristics and the original;

calculations were not checked as part of the 50 analysis. The inner 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. Soil
flexibility was accounted for by adding the pile foundation springs,

j described in the previous sectf on, at the base of the model.

P

Nodal connectivity in the model is shown in Figure 4-5. The

| beam stick between n3 des 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 the3

j nodal masses in the N-S plane and their respective elevations are
depicted in Figure 4-6, and their values are listed in Table 4-5. It may

; be noted that the reactor building masses, including the reactor vessel,
are eccentric with respect 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
'

i for the beam stick models of the reactor building are shown in Figure

f 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 analysis, 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 model assumes that although there is 1/2" premolded joint ,
expansion filler bet * r - toe outer shield wall and the steel containment

vessel, they woCd "Mr v.E horizontally together. Taking into considera-
tion elastic p ?;w M .)f the expansion filler material and the dimen-
sions of the structure, fl. is most unlikely that the two stick models can
respond with any significant relative horizontal displacement between the

|
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; concrete and steel. No vertical' shear connection between the steel
cantainment vessel and the outer shield wall was assumed, however. Table
4-6 lists 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 soil 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
J listed in Table 4-8.

>

t
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TABLE 4-1

SINGLE PILE STIFFNESS AND DAMPING FOR THE THREE SOIL CASES

Upper Bound Best Estimate Lower Bound
Mode of Vibration Impedance Soil Modulus Soil Modulus Soil Modulus

Vert. Translation Stiffness (k/in) 3970 3100 2035

Damping (%) 3.2 6.4 22

Horiz. Translation Stiffness (k/in) 616
'

486 260

Damping (%) 3.0 6.1 19

.

e

i

i

e

*

,
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TABLE 4-2.

!

FOUNDATION STIFFNESS AND DAMPING INCLUDING THE EFFECT OF EMBEDMENT
: -

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

t- Horiz. Translation Stiffness (k/in) 62,300 48,200 24,000
"'

Damping (%) 24 24 31
i

9 9 9Rocking Stiffness 4.3 x 10 3.0 x 10 1.9 x 10
(in-k/ rad)

Damping (%) 2 2.3 3.5

9 9 9Torsion Stiffness 4.5 x 10 3.5 x 10 1.7 x 10
(in-k/ rad)

Damping (%) 90 91 119

!

;' .

|
:

|
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TABLE 4-3

COMPARIS0N OF HALF-SPACE SOLUTIONS WITH CALCULATED STIFFNESS AND DAMPING USING
BEST ESTIMATE OF S0ll SHEAR MODULUS

-

Half-Space w/o Piles Piles PflesVibration Mode Impedance or Embedment W/Enbednent w/o Embedment

Vertical Translation Stiffness (k/in) 31,000 73,400 69,900
Damping (%) 41 14 2,,

L
Horiz. Translation Stiffness (k/in) 26,300 48,200 43,000

Damping (%) 23 24 3.8

9 9 9Rocking Stiffness 2.7 x 10 3.0 x 10 2.6 x 10
(in-k/ rad)

Damping (%) 1.0 2.3 0.6

9 9 9Torsion Stiffness 3.7 x 10 3.5 x 10 3.4 x 10
(in-k/ rad)

Damping (%) 38 91 14

.>.

O
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TABLE 4-4

N0DAL POINT COORDINATES (IN)

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

4-11
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TABLE 4-4(Continued)

N0DAL POINT COORDINATES (IN)
:

Node X Coord. Y Coord. Z Coord.
.

41 0.000 0.000 742.600'

42 52.000 0.000 742.600
43 81.000 0.000 742.600
44 110.000 0.000 742.600
45 124.000 0.000 742.600
46 30.000 0.000 781.800
47 30.000 0.000 825.000
48 30.000 0.000 861.100
49 0.000 0.000 825.000
50 52.000 0.000 825.000
51 110.000 0.000 825.000

i 52 0.000 0.000 906.000
! 53 52.000 0.000 906.000

54 69.000 0.000 906.000I
55 110.000 0.000 906.000
56 0.000 0.000 987.000
57 52.000 0.000 987.000,

58 69.000 0.000 987.000,

! 59 110.000 0.000 978.000
? 60 0.000 0.000 1068.000
i 61 27.000 0.000 1068.000

62 52.000 0.000 1068.000
1 63 110.000 0.000 1068.000

64 0.000 0.000 1215.000
65 -29.000 0.000 1215.000
66 0.000 0.000 1374.000
67 0.000 0.000 1458.000
68 0.000 0.000 1542.000
69 0.000 0.000 1626.000
70 0.000 0.000 1680.000
71 0.000 0.000 1590.000
72 0.000 0.000 1626.000
73 0.000 0.000 1735.200
74 0.000 0.000 1542.000

.
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TABLE 4-5

NODAL MASSES

Node Mass Mass-Moment X Mass-Moment Y Mass-Moment Z
Number -(kip-sec2/in) (in-kip-sect) (in-kip-sec2) (in-kip-sec )2

5 5 51 7.41 2.3x10 2.3x10 4.6x10
5 5 52 3.53 1.3x10 1.3x10 2.6x10
5 5 55 3.14 1.2x10 1.2x10 2.4x10
4 4 511 2.35 6.5x10 5.8x10 1.2x10
5 5 515 5.46 1.5x10 1.3x10 2.8x10

19 0.145 0 0 0
20 0.147 0 0 0

4 4 523 4.05 8.9x10 7.7x10 1.7x10
25 0.153 0 0 0
26 0.164 0 0 0

4 4 530 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
5 5 537 5.36 1.5x10 1.4x10 2.9x10

40 0.163 0 0 0
4 4 544 2.12 6.1x10 4.9x10 1.1x10

46 0.140 0 0 0

47 0.109 0 0 0 -

4 4 551 2.04 6.1x10 4.9x10 1.1x10
4 4 454 1.67 5.0x10 4.5x10 9.5x10
4 4 458 1.67 5.0x10 4.5x10 9.5x10
5 5 561 4.92 1.3x10 1.3x10 2.6x10
4 4 565 1.20 7.4x10 6.7x10 1.4x10
4 4 566 1.24 6.7x10 6.7x10 1.3x10

67 0.07 0 0 0

.
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TABLE 4-5(Continued)

N0DAL MASSES

r
r

Node Mass Mass-Moment X Mass-Moment Y Mass-Moment Z
2 2 2Number (kip-sec /in) (in-kip-sec ) (in-kip-sec ) (in-kip-sec2)

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

i

!
|
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TABLE 4-6

:
BEAM GEOMETRIC PROPERTIES

'

Section Axial Area Shear Area Shear Area Torsion Inertia InertiaNumber A(1) A(2) A(3) J(1) I(2) I(3)
1 .1000E+07 .1000E+07 .1000E+07 .2000E+13 .1000E+13 .1000E+132 .2090E+03 .1110E+03 .1110E+03 .5600E+06 .2800E+06 .2800E+063 .2600E+03 .1380E+03 .1380E+03 .1140E+06 .5700E+05 .5700E+054 .6280E+03 .3330E+03 .3330E+03 .1600E+07 .8000E+06 .8000E+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+09i 7 .2620E+04 .1390E+04 .1390E+04 .3400E+09 .1700E+09 .1700E+098 .1338E+04 .7090E+03 .7090E+03 .1700E+09 .8400E+08 .8400E+089 .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+0812 .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

,,

J. 14 .7700E+03 .4080E+03 .4080E+03 .3200E+08 .1600E+08 .1600E+08o' 15 .8210E+03 .4350E+03 .4350E+03 .3900E+08 .1950E+08 .1950E+0816 .2200E+06 .1150E+06 .1150E+06 .2800E+11 .1400E+11 .1400E+11
17 .3370E+05 .1070E+05 .2400E+05 .3100E+10 .1320E+10 .1800E+1018 .4880E+05 .1070E+05 .3910E+05 .3520E+10 .1320E+10 .2200E+1019 .3480E+05 .1070E+05 .2510E+05 .3320E+10 .1320E+10 .2000E+1020 .3240E+05 .1070E+05 .2270E+05 .3320E+10 .1320E+10 .2000E+10i 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

i

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+0925 .5430E+05 .4340E+05 .3260E+05 .8600E+09 .2340E+09 .6260E+09
26 .4590E+05 .3670E+05 .2750E+05 .5500E+09 .1750E+09 .3760E.0927 .1580E+02 0. O. .1000E-01 .1000E-01 .1000E-01

|

|

| ~

!
~
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ITABLE 4-7. <

.

BEAM ELEMENT DATA

(Material: 1 = Concrete, 2 = Steel)

i

Node Node Materipl Section |Beam Number -I -J N6aber Number i

i

1 1 2 2 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
e 20 30 31 2 1

21 31 32 2 1
22 36 37 2 1

-

I 23 37 38 2 1
24 38 39 2 1
25 41 42 2 1
26 42 43 2 1
27 43 44 2 1
28 44 45 2 1 |29 49 50 2 1 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

.

., *

4-16

. _ ---. .



i -- > ,I.
|

|

TABLE 4-7 (Continued)

BEAM ELEMENT DATA

(Material: 1 = Concrete, 2 = Steel)

Node Node Material Section
Beam Number -I -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 41 2 6
61 41 49 2 6
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 ? 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
Beam Number -I -J Number Number

81 39 45 1 19
82 44 51 1 20
83 51 55 1 20
84 55 59 1 20
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
92 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

M0DAL DAMPINGS FOR RESPONSE SPECTRA ANALYSIS

Modal Dampings.

|
Mode Upper Bound G Best Estimate G Lower Bound G 1

1 0.11 0.11 0.13
2 0.11 0.11 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

.

e

e
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5. SEISMIC RESPONSE

,

"

5.1 STRUCTURE RESPONSE

Natural frequencies and mode shapes of the La Crosse structural
'

model described in Chapter 4 wem 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 fmquencies and damping values. Vertical response was

found by scaling the site sp*cific horizontal spectra by 2/3. A modified
; square-root-of-the-stan-of-the-squares (SRSS) approach was used to combine
[ the modal response. In this approach, all modes having closely spaced

f 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, -
I

shield structure, steel containment, the inner shield structure, and thel

:

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 ori 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.

,

f
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In order to find the peak moment and axial load acting on an
-

,

individual pile, maximum base shear, 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 combined with the dead weight loads. Total dead load 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 individual pile 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 to be 241 kip-in. Since details of the reinforcement in
the piles were not 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 lead 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 compressive 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.llg earthquake. It is recom-

mended that the ability of the pile to withstand the bending moment be
verified if the details of the pile reinforcing can be determined.

5-2
.

_ _ --e - , _ . , .a ~ ' ' '
.



Jb .

! 5.2 VESSEL STRESS ANALYSIS

Stresses in the steel containment vessel were calculated from
shear and n.oment diagrams presented in Section 5.1. Peak longitudinal

y membrane stress due to seismic loads was calculated to be 1.27 ksi which
occurs near the base of the vessel. Including the longitudinal compres-

! i sive stress due to dead weight, total stress was found to be 1.67 ksi.
This is less than the code allowable buckling stress of 6.3 ksi, which

'

was computed by evaluating the classical linear design buckling stress of
a cylinder under axial loads (Reference 14), and then multiplying the
computed stress by 1/3 according to the ASME code (Reference 15). Also,
peak shear stress in the steel containment was computed to be 0.55 ksi.
Since other loads such as pressure and temperature loads which also

contribute to shear stresses in the containment were not considered here,
peak seismic shear stress alone was not compared with the code allowable

i
shear stress. However, substantial margins of safety exist for the
containment vessel subjected to the 0.11g site specific earthquake.

i

f
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TABLE 5-1

MODAL FREQUENCIES FOR UPPER BOUND ESTIMATE OF SOIL SHEAR MODULUS I

Mode Number Frequency (Hz) Vibration Mode

1 1.87 Rocking, Y
2 1.88 Rocking, X
3 3.89 Reactor vessel
4 5.83 Torsion
5 6.84 Vertical Translation
6 8.44 Horizontal Translation Y
7 8.46 Horizontal Translation, X
8 17.0 Structure plus soil
9 17.4 Structure plus soil

10 20.2 StrJcture plus soil
11 24.6 Structure plus soil
12 26.0 Structure plus soil
13 26.8 Structure plus soil
14 29.8 Structure plus soil
15 34.1 Structure plus soil
16 37.0 Structure plus soil

17 37.7 Structure plus soil
18 39.3 Structure plus soil

19 40.7 Structure plus soil
| 20 44.7 Structure plus soil

.
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TABLE 5-2 |

MODAL FREQUENCIES FOR BEST ESTIMATE OF SOIL SHEAR MODULUS

Mode Number Frequency (Hz) Vibration Mode
i

1 1.59 Rocking, Y
2 1.60 Rocking, X
3 3.89 Reactor Vessel
4 5.20 Torsion
5 5.80 Vertical Translation-

6 7.58 Horizontal Translation, Y
7 7.58 Horizontal Translation, X
8 16.7 Structure plus soil
9 17.1 Structure plus soil

10 20.2 Structure plus soil

11 24.4 Structure plus soil

12 25.8 Structure plus soil

13 26.6 Structure plus soil
14 29.8 Structure plus soil
15 34.0 Structure plus soil

16 36.8 Structure plus soil

17 37.6 Structure plus soil
18 39.2 Structure plus soil

19 40.6 Structure plus soil

20 44.6 Structure plus soil

|

|
|
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TABLE 5-3

MODAL FREQUENCIES FOR LOWER BOUND ESTIMATE OF SOIL SHEAR MODULUS

Mode Number Frequency (Hz) Vibration Mode

1 1.27 Rocking, Y
2 1.27 Rocking, X
3 3.70 Torsion
4 3.88 Reactor vessel
5 4.72 Vertical Translation.

6 5.58 Horizontal Translation, Y
7 5.59 Horizontal Translation, X
8 16.2 Structure plus soil
9 16.7 Structure p'us soil

10 20.2 Structure plus soi1~
11 24.0 Structure plus soil
12 25.5 Structure plus soil
13 26.4 Structure plus soil
14 29.7 Structure plus soil
15 33.8 Structure plus soil
:S 36.6 Structure plus soil

'

17 37.6 Structure plus soil
18 39.0 Structure plus soil
19 40.5 Structure plus soil
20 44.6 Structure plus soil

|
|

t

*
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TABLE 5-4

COMPARISON OF PEAK SEISMIC SHEARS WITH FSAR SEISMIC ANALYSIS

. . -

Gulf United . SEP

Ymax(kips) Vmax/Y Ymax(kips) Vmax/YLocation u u

Foundation 3530 0.092 1946 0.051

Outer Shield Wall 1480 0.366 1063 0.263
'

Inner Shield Wall 2060 0.176 1067 0.091 '

.

|
|

|

|
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TABLE 5-5

COMPARIS0N OF PEAK SEISMIC MOMENTS WITH FSAR SEISMIC ANALYSIS

GULF UNITED SEP

Mmax(kip-in) M,,x/M Mmax/ u max (ki -in) M ,,/M ,P M lLocation y axu

5 6Foundation 6.7 x 10 0.135 1.6 x 10 0.322

'k'' Outer Shield 1.4 x 10 1.008 0.694 4.1 x 10 0.295 0.203
6 5

Moment

5 5Inner Shield 8.2 x 10 0.558 1.8 x 10 0.122
Moment
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ABSTRACT

A Systematic Evaluation Program (SEP) was initiated by the Nuclear
Regulatory Commission (NRC) to bring eleven older operating nuclear power
plants to a level of safety consistent with current standards of acceptability.
Dairyland Power Cooperative's consultant analyzed the La Crosse Boiling Water
Reactor (LACBWR) Nuclear Power Station's safety related piping, mechanical and
electrical equipment, and component supports. NRC personnel and their
consultants from EG&G Idaho, Inc., formed a review team that evaluated the
licensee's analyses. The analyses presented to the review team by Dairyland
Power Cooperative's consultant were generally acceptable for the areas of
SEP which they addressed, although several suggestions, comments, and
questions must be resolved. The major deficiency with the material submitted
by the licensee is that it does not address all the areas of concern for the

SEP program. The results of the analyses performed indicate that modifications
are required to bring this plant to an acceptable level of safety.

*
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SUMMARY

A Systematic Evaluation Program (SEP) was initiated by the Nuclear
Regulatory Commission _(NRC) with the goal of bringing eleven older nuclear

; power plants to a level of safety consistent with current seismic design
'

standards of acceptability. The La Crosse Boiling Water Reactor (LACBWR)
Nuclear Power Station is one of these plants. The NRC and their consultants
from EG8G Idaho, Inc., formed a review team for evaluating seismic reevaluation,

analyses presented by Dairyland Power Cooperative's consultant, Nuclear Energy
Services, Inc. (NES). These analyses were performed for safety related

i equipment required to function during a Safe Shutdown Earthquake (SSE).

In accordance with the SEP audit review plan for LACBWR (Appendix A),
a SEP audit meeting was conducted at NES's offices in Danbury, Connecticut,
on August 10-11, 1982. The evaluation of information presented at this
meeting is the subject of this report. The SEP review team developed an
dCCeptance criteria for guidance in evaluating the SEP seismic reevaluation

!

analyses. The criteria guideline contained in Appendix B coupled with current
; seismic analysis procedures provided the basis for this technical evaluation
; of the LACBWR's seismic reevaluation analyses of the safety related equipment.
I

This report is divided into individual sections covering the piping,
electrical equipment, mechanical equipment, and component supports. These

| sections contain procedures utilized by NES for the seismic reevaluation
I analyses performed. Each section also contains the review team's, evaluation

~

| of the analyses presented.
i -

The analyses and procedures presented by NES to the review team were

generally acceptable. However, some open items still remain and must be
: addressed for this review to be complete. The major deficiency with the

material submitted by the licensee is that it does not address all the areas
.

of concern for the SEP Program. The results indicate that modifications

[ are required to bring this plant to an acceptable level of safety.

s I
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TECHNICAL EVALUATION REPORT

LA CROSSE BOILING WATER REACTOR (LACBWR)

NUCLEAR POWER STATION--SEISMIC DESIGN

INTRODUCTION

In October of 1977, the Office of the Nuclear Reactor Regulation (NRR),
an office of the Nuclear Regulatory Commission (NRC), initiatea a Systematic
Evaluation Program (SEP) by selecting eleven older operating nuclear power
plants with the goal of bringing these plants to a level of safety consistent
with current standards of acceptability. These plants were divided into two
groups based on their original seismic design. The La Crosse Boiling Water
Reactor (LACBWR) Nuclear Power Station, operated by the Dairyland Power

Cooperative, is included with the Group II plants. A reanalysis was
performed to demonstrate that the structural integrity of the safety related
piping systems, mechanical equipment, electrical equipment, and component
supports would not be impaired when subjected to a Safe Shutdown Earthquake
(SSE) combined with other normal design loadings.

The LACBWR Nuclear Power Station is a boiling water reactor _ designed to
produce 50 MW of gross electric power. This plant became operational in
November 1969. The plant architect engineer was Sargent and Lundy Engineers.
The plant reactor and generator were supplied by Allis-Chalmers. The plant
was not originally designed for seismic loading.

A decision was made by the NRC to review the reevaluation , analyses,

performed by the licensee and their consultants rather than performing their
j own analyses on the plant. A review team consisting of NRC staff personnel
j and NRC consultants from EG&G Idaho, Inc., evaluated the piping, mechanical,
j and electrical equipment analyses. The licensee and their consultants were

required to present their seismic reevaluation criteria, typical analyses,
{ and results to the review team.
!
.

| The audit review consisted of a working level meeting between the review
: team and Dairyland Power Cooperative's consultant, Nuclear Energy Services,
I Inc. (NES). This meeting proved to be an' efficient method of exchanging

.

1
1

e --

g
_



. - --
_ eiLJs 9a

1
-P' g

!
i

i

}

}

)

!

|

[ _ __ __-._..._ _-- _ _ _ .-_ _ _ _ -- _ - - - - - - - - - - - - - - -



V o

information among the review team and NES with a minimum of formal written
communication. The review team obtained a general idea of methods utilized
by NES through these meetings. Sample analyses and calculations were

presented and reviewed in detail for some systems. Questions, comments,
and open items were formulated and submitted to the licensee at the
conclusion of this meeting. Prior to the audit meeting, the review team
developed an audit plan (Appendix A) and presented it to the licensee. This

plan was developed to aid the utility and their consultants in presenting
'

information the review team considered important.

The review team developed an acceptance criteria (Appendix B) for
guidance in evaluating the seismic reevaluation analyses. The licensee
was requested to justify major deviations which appear less conservative
than those in the review team acceptance criteria.

The scope of review for the seismic reevaluation program included the
systems, structures, and components (including emergency power supply and
distribution, instrumentation, and actuation systems) with the following
functions:

1. The reactor coolant pressure boundary as well as the core and
vessel internals. This also includes those portions of the steam

| and feedwater system extending from and including the secondary side
of the steam generator up to and including the outermost containment
isolation valve and connected piping of 2-1/2 inch or larger nominal

| pipe size, up to and including the first valve that is either normally
closed or is capable of automatic closure during all modes of normal
reactor operation.

2. Systems or portions of systems that are required for safe shutdown
as identified in the SE. safe shutdown review (SEP Topic VII-3).
The system boundary includes those portions of the system required
to perform the safety function and connected piping up to and
including the first valve that is either normally closed or capable
of automatic closure when the safety function is required.

2
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] 3. Systems or portions of systems that are required to mitigate design
basis events, i.e., accidents and transients (SEP Topics XV-1 to
XV-24). The functions to be provided include emergency core cooling,

; post-accident containment heat removal, post-accident containment

| atmosphere cleanup, as well as support systems, such as cooling
I water, needed for proper functioning of these systems.

4. Systems and structures required for fuel storage (SEP Topic IX-1).;

Integrity of the spent fuel pool structure including the racks is
ne;eded . Failure of the liner plate due to the safe shutdown earth-
quake must not result in significant radiological releases, or in

j lcss of ability to keep the fuel covered. Failure of cooling water
systems or other systems connected to the pool should not permit

>

draining of the fuel pool. Means to supply make-up to the pool as,

needed must be provided.
s

i

5. Structures that house the above equipment.

For the LACBWR Nuclear Power Station, the review team required the,

following systems, associated structures, and components to be addressed:i

a) Reactor Coolant ~ System (RCS)

|
b) Portions of Main Steam System
c) Portions of Main Feedwater System

| d) Portions of other systems directly connected to RCS up to and
' including isolation valves

e) Control Rod Drives
f) ' Shutdown Condenser

g) Portions of Demineralized Water Transfer or High Pressure Service
t

| Water System

h) Portions,of High Pressure Core Spray System
, .

I i) Portions:of Alternate Core Spray System

! j) Manual Depressurization System
; k) Spent Fuel Pool and Makeup.

4
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As discussed previously, a " system" also includes the power supply,.instrumen-
tation and actuation systems.

'
t

The report was divided into individual se;tions covering piping, (

electrical equipment, mechanical equipment, and component supports. Each

section explains in detail ffES's procedures, acceo,tance criteria, and typical
,.

analyses. Each section also contains the review team's evaluation of the
analyses performed by NES. The review team's" conclusions were based upon
the presentations and documents provided by ties.
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PIPING SYSTEMS

Licensee Evaluations

The licensee's consultant (flES) performed the seismic reevaluation
analyses for the safety related piping systems of the LACBWR fluclear Power
Station. The piping systems analyzed were:

1. Recirculation Piping System

2. Main Steam Piping System

3. Feedwater Piping System

4. Shutdown Condenser Vent Piping System
N

5. High Pressure Core Spray (HPCS) Dischirge Line Piping System

6. HPCS Suction Line Piping System.

NES is currently performing analyses for the Manual Depressurization
Piping System and the Emergency Service Water Supply Piping System.

In general, the SEP seismic reevaluation analyses of the safety related
piping systems were performed using conventional piping analysis modeling
procedures. These analyses were performed using the computer code PIPESD.

The analyses considered all of the static load conditions (deadweight,
pressure, thermal expansion, thermal anchor movements, and seismic anchor

movements) and dynamic seismic inertia loadings using ' quirements

of the ASME Code for either Class 1 or Class 2 piping, v.c n of the analyses

(see Table 1) contained evaluations of the Operating Basis Earthquake (0BE)
and the Safe Shutdown Earthquake (SSE) in combination with normal operating
design static loadings. The seismic portions of these analyses were performed
by applying each of the two horizontal spectra separately with the vertical
spectrum (x+y and y+z) rather than simultaneous three directional spectra
input. First, horizontal global x-direction spectrum with simultaneous

.
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vertical global y direction spectrum was input. Then, horizontal global
z-direction spectrum with simultaneous vertical global y-direction spectrum'
was input. Worst case results from the two load cases were used in evaluating
the components at each model node point location. The horizontal spectra
used to perform these analyses were for the appropriate elevation obtained
from a previous analysis (Reference 1). In general, the vertical spectra
used were not analytically determined for the appropriate elevations as
were the horizontal spectra. These spectra were determined based on the

horizontal spectra, or no vertical amplification was assumed and vertical
ground spectra were used. The spectra used corresonded to 17 damping for
the OBE spectra and 21 darrping for the SSE spectra. Generally, the input
spectra used was not peak broadened. Table 1 summarizes the seismic loading
used to perform the seismic reevaluation analyses for LACBWR's safety
related piping systems.

Table 2 provides a summary of the ASME Code editions used to perform

the reevaluation analyses, whether the piping system was analyzed using the
rules for Class 1 or Class 2 piping, and the allowable stress for evaluating
SSE loading in combination with normal design pressure and deadweight
loading.

The results of all the seismic reevaluation analyses were within the
allowable stress limits for all load combinations evaluated. Initial stress

calculations, using the conservative stress intensification factors of the

ASME Code for the socket weld coupling / reactor nozzle region, resulted in an
excessive peak stress value and therefore a very low number of permissible
HPCS operating cycles ( 100 cycles), fES then reanalyzed this socket weld
coupling using a detailed finite element model and the ANSYS computer code.
The transient thermal loading produced by the HPCS initiation were determined
using the same basic model developed for the stress analysis and using the
LION computer program. The allowable number of full stres cycles was
determined to be 2900 based on this detailed analysis.

6
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TABLE 1. SEISMIC LOADING SUMMARY

Spectra
NES Seismic Global Basis for Vertical Peak Broadening

Piping System Report No. Loading Combinations Spectrum Utilized

Recirculation 81A0089 OBE x+y and z+y From Reference 1 None

Main Steam 81A0088 OBE x+y and z+y SSE--Assumed no vertical None
amplification, used 2/3

SSE x+y and z+y of horizontal SSE ground
spectrum
OBE--used 1/2 of SSE
vertical

Feedwater 81A0087 OBE x+y and z+y Same as above None

SSE x+y and z +y

HPCS Discharge 81A0091 OBE x+y and z+y Same as above Noney

Rev. 1
SSE x+y and z+y

HPCS Suction 81A0090 OBE x+y and z+y Same as above None

SSE x+y and zey -

Shutdown Condenser 81A0051 OBE x+y+z The vertical response None
Vent spectra for SSE and OBE

SSE x+y+z were taken as 2/3 of the
respective horizontal
spectra

Manual Draft SSE x+y+z The SSE vertical spectrum
~
+ 10'

Depressurization Preliminary was taken as 2/3 the
horizontal SSE spectrum

o
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TABLE 2. ALLOWABLE STRESS SUMMARY

Allowable Stress Used to Evaluate
Edition Analysis SSE Loading in Combination with
of ASME Piping Pressure, Deadweight and Sustained,

Pi, pin 1 ystem Code Used Class Mechanical LoadsS
_

Recirculation 1974 2 OBE 1.2 S
h

SSE 1.8 S *
h

Main Steam 1974 2 1.8 S
h

Feedwater 1974 2 1.8 S
h

HPCS Discharge 1974 1 3.0 S
m

HPCS Suction 1974 1 3.0 S
m

Shutdown Condenser 1980 2 1.2 S
hVent

Manual 1980 2 1.2 S
hDepressurization

* Evaluation was not performed.
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Review leam Evaluations

In general, the seismic reevaluation analyses of the safety related
piping systems were adequately performed. The modeling techniques utilized
by NES provide a complete and practical representation of the piping
systems. The mass point spacing used was examined and considered acceptable.
The response spectra damping values utilized by NES were in accordance
with Regulatory Guide 1.61. The load combinations evaluated were more
than adequate for most of the analyses in that both OBE and SSE loadings
were evaluated. The systems evaluated using the rules for Class 1 piping
were also evaluated for fatigue. The allowable stresses used by NES to
reevaluate the safety related piping meet or exceed SEP allowable stress
requirements specified in Appendix 8.

The seismic portions of NES's piping reevaluatinn analyses were
pertirmed by using two simultaneous global directions of acceleration
input at a time for most of the reevaluation analyses. The methnd of combining
the responses due to these two global directional inputs was not specified,
it is believed PIPESD provides two options for combining these responses,
either absolute suc or square root of the sum of squares (SRSS). This is
not a major issue; however, considering that only two directions of simul-
taneous input were used, absolute sum is more acceptable. In addition,

the reevaluation analyses of the safety related piping systems were
accomplished by combining modal responses by the SRSS method. This method

is not consistent with current Regulatory Guide 1.92 requirements if
closely spaced modes exist. EG&G Idaho, Inc. performed an independent

analysis of LACBWR's HPCS discharge piping system (Reference 2) using
three directional simultaneous spectra input per current Regulatory Guide
1.92 requirements. The piping stresses were somewhat higher than those
determined by NES and still well within allowable stresses. However, the
piping support loads were determined to be significantly greater (sometimes
75%) for the EG&G analysis. Should LACBWR's piping reevaluation analyses

.
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be redone for other reasons, it is recommended that simultaneous three

directional spectra input be used and modal responses be combined per
the current requirements of Regulatory Guide 1.92.

The piping eevaluation analyses performed by NES are based on piping
support modifications which have not been installed at the present time.
Support modifications have been installed for the HPCS discharge anu
suction systems; however, for these two piping systems, several discrep-
ancies between piping support conditions as designed and or installed from
those modeled in the piping system analyses are present. These discrep-
ancies appear to be significant and require either additional justification
or these analyses should be redone using actual support conditions
(location and stiffness).

For the recirculation piping system, the SSE loading was not evaluated
based on the assumption that the SSE loading is only 203 greater than the
OBE loading and the stress allowables are 50 greater for the SSE loading.
The SSE and OBE input spectra for this location was reviewed and it appears
the assumption that the SSE loading is only 20 greater than the OBE loading
is not valid. Above four CPS, it appears that the SSE spectra is approx-
imately twice the OBE spectra. Additional justification for not evaluating
SSE loading is required or this evaluation should be performed.

For most of the piping reevaluation analyses performed, the vertical
spectra utilized was at analytically determined as was done for the horizontal
spectra. The vertical spectra was either assumed to be 2/3 of the horizontal

spectra or ground vertical spectra was used assuming no vertical structural
amplification. Adequate justification for either of these assumptions was
not provided. It is recommended that additional justification be provided
to support these assumptions. In addition to this vertical spectra
concern, there is another concern with all of the spectra used in that
spectra peak broadening was not utilized for most of the piping reevaluation
analyses performed. Justification for not complying with this current
seismic analysis requirement should also be provided.

10
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The reevaluation analysis of the manual depressurization system was
performed using a horizontal spectra which did not account for the hori-
zontal flexibility of the condenser platform. Justification for this
simplified assumption should be provided or the horizontal flexibility
of the condenser platform should be considered.

Regulatory Guide 1.61 requires using lower damping values than those in
Table 1 of Regulatory Guide 1.61 if stress levels are low, otherwise
dynamic response will be underestimated. f4E5 did not address this
requirement. It has little effect from the standpoint of evaluating
piping stresses; however, other aspects of the analyses can be significantly
affected suCh as determining support loads or determining component
accelerations. This requirement should not always be overlooked. For
example the shutdown condenser vent piping stresses were quite low. The

pipe support loads for this system will be underestimated if this reduction

in damping is not addressed.

.
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ELECTRICAL EQUIFPENT

Seismic reevaluation analyses have not been performed 'or LACBWR's

safety related electrical equiprent nor has the licensee sub.9f ttec a plan
fcr performing such evaluations. The SEP requirements for the safety
related electrical equipment are that structural adecuacy of this equipment
and its support structures ce demonstrated for tne SSE loading in
combination with normal desigr. cperating loads. Demonstration of
structural acequacy of the equipment's ancharace is also recuired. Since

tne licensee has not addressea tne seismic reevaluation of the safety
related electrical equiprent, this area remains a major op9n item for the
LACEhR Nuclear Plant.

.

e
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MECHANICAL ECUIOMENT

Licensee Evaluation

Seismic reuvaluation analyses of the safety related rechanical
egipment were performed by the licensee's consultant, NES. These analyses
were pe-formed for the shutdown condenser and the shutdcan condenser
platform. The reevaluation analysis of the snutdown corde ser was
performed using the ASME Code Section VIII, Division 2. Primary shell

stresses and local stresses at saddles and nozzles were evaluated for tne
SSE loading in combination with normal design loading; dead weight,
pressure, and mechanical loads. Sloshing was not included in the
evaluation. Evaluation of the condenser internals was rot perferned.
Evaluation of the condenser shell was performed using conventional hand
Calculation methods. The seismic portion of this analysis was performed
using the static equivalent method. Local no::le stresses were calcalated
using the computer code WERCO, which was Dased on Welding Research Council
Eulletin No. 107. Saddle local stresses oere calculated using a three
dimensional model of the sacdle region of the condenser. The computer ccde

ANSYS was used to perform this analysis. The stress results of the
condenser analysis sere within the allowables specified ty the ASME Codh
Section VIII, Division 2.

The seismic reevaluation analysis of the shutdown Cerdenser platform
was performed based on the requirements for acceptability of Standard
Review Plan 3.S.3. This analysis was performed for the SSE. loading in
combinat i on with dead loads and live loads. The computer code STARDYNE was

used to perform this analysis. The seismic portion of this analysis was

Derformed using the static equivalent method. The natural frequency of the
platform was determined in tnree orthogonal global directions considering
the stiffness of tne platform and tre mass of the platform and condenser.
The horizontal acceleration values for the SSE loading were tner obtai.1ed
from the acceleration spectra for tne platform elevation. Tne vert 1 cal

*

acceler itior was assumed to be 2/3 the horizontal acceleration from the
corresponding vertical frequency. Results of a preliminary analysis of the

condenser platform indicated a need for several platform modifications.

13
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The results of NES's seismic reevaluation analysis of the cordenser
platform correspond to the modified structure. The results of this
analysis are within allowable stresses for the struc ture members. An
evaluation of the member connections was not performed.

Review Team Evaluations

Tne seismic reevaluation analysis of the shutdown ccrdenser was not
totally acceptable. The evaluatior. of the local nozzle stresses was
adecuately perforcea. The evaluation of shell primary stresses was
adequately performed, with the exception that sloshing was not included in
the evaluation. Tne boundary conditions used to model the cordenser saddle
support region appear to be unrealistic and nonconservative. Additional

evaluation of the saddle supports region of the condenser is requested.
The seismic reevaluation analysis of the condenser did not include an
evaluation of the condenser internals. A demonstration of the structural
adequacy of the condenser internals must also be provided.

In general, the seismic reevaluation analysis of tne shutdown
condenser platform was adeouately performed from the stardpoint of a
structural member evaluation. The modeling techniques utilized by NES
provide a complete and practical representation of the platform structure.
The load combirations utilized in this analysis are consistent with SEP
requirements, one major deficiency contained in the analysis of the
condenser platform is that structural adequacy of member connections was

not demonstrated. Additional justification must be provided for not
evaluating the platform structural connections or evaluation of these
conrections should be provided.

14
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COMPCNENT SUPPORTS

The licensee's consultant, NES, performe0 the seismic reevaluation

analyses for component supports on the HPCS piping systems. Evaluation of,

the HPCS piping supports was performed using AISC allowable stresses times
1.6. This is not consistent with the SEP criteria (Appendix B) for
compression loads. The SEP buckling allowable stress is limited to 2/3
critical buckling stress, where the critical Duckling stress includes
residual stresses, imperfections, and appropriate boundary conditions. The

load combinations utilized in the HPCS piping supports aralyses were not
scecified. The SEP component support criteria requires an evaluation of
the following two service Level D (f aulted) Icad ccmbinations:

1. (W + P ) + (SSE) + (SAM)D

2. (W + P + T) + (SSE) + (SAM)D

where

W = loads due to weight effects

P =
D

pressure plus design mechanical loads

T thermal exoansion loads (includes thermal anchor movement=

effects)

SSE inertial loads due to safe shutdown earthouake=

SAM loads due to SSE anchor movement effects=

The load combinations used for the HPCS piping supports reevaluation
analyses should be provided by the licensee.

.

Since seismic reevaluation of the com.ponent supports for the bulk of
the LACBWR plant's safety related equipment has not been performed, this
area remains a major open item for the LACEWR Nuclear Plant.

15
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CONCLUSIONS

Based upon the SEP seismic reevaluation analyses reviewed, the structural

adequacy of the LACBWR Nuclear Plant to withstand the effects of postulated
SSE loading in combination with normal design loading has not been demonstrated.
Seismic reevaluation analyses were not performed for all of the LACBWR's
safety related electrical and mechanical equipment. The licensee should
perform reevaluation analyses for the following additional safety related
equipment or provide justification for not evaluating them.

1. Piping from the inside main stream isolation valve (MSIV) to the
outside MSIV, including the valve's drive motor.

2. Control Rod Drive Mechanisms

3. Electrical Equipment in Control Room

4. Deisel Fuel Oil Tank

5. Reactor Vessel and Reactor Vessel Supports.

After reviewing the seismic reevaluation analyses performed for the
LACBWR Nuclear Plant's safety related equipn;ent, for those analyses provided,
the following major items re'nain open:

General

|

j Transient mechanical design loading (other than seismic) was not
addressed in any of the LACBWR Plant's seismic reevaluation analyses. The
licensee should provide justification for evaluating sustained mechanical
loads instead of all design mechanical design loads.

-

!

|
|

|
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1. For the HPCS suction and discharge piping systems, the designed
and installed locations of piping supports are significantly
different than those used for the seismic reevaluation analyses.
Justification for not redoing these analyses must be provided or
these analyses must be redone using the actual support locations
and stiffnesses.

2. For the recirculation piping system, the SSE loading was not
evaluated based on the assumption that the SSE loading is only 20%
greater than the CBE loading and the stress allowables are 50
greater for the SSE loading. The SSE and OBE input spectrum for

this location were reviewed and it appears the assumption that the
SSE loading is only 20Z greater than the OBE loading is not valid.
Above four CPS, it appears that the 35E spectrum is approximately
twice the OBE spectrum. Additi' . justification for not evaluating

SSE loading is required or this evaluation should be performed.

3. For most of the piping reevaluation analyses performed, the vertical
spectrum utilized was not analytically determined as was done for the
horizontal spectrum. The vertical spectrum was either assumed to be

2/3 of the horizontal spectrum or ground vertical spectrum was used
assuming no vertical structural amplification. Adequate justification
for either of these assumptions was not provided. It is recommended

that additional justification be provided to support these assumptions.

4. The spectra used to perform most of the seismic reevaluation analyses
was not peak broadened as requried by current seismic criteria.
Justification for not complying with this current seismic analyses
requirement should be provided.

|
,
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Mechanical Equipment

1. The seismic reevaluation analysis of the shutdown condensar did not
consider sloshing loading. Justification for not including this
loading must be provided or this loading should be included in the
reevaluation analysis.

2. The boundary conditions used to model the condenser saddle support
region appear to be unrealistic and nonconservative. Additional

evaluation of the saddle supports regien utilizing more realistic
bnundary conditions is requestad.

3. The analysis of the condenser dia not include an evaluation of the

consender internals. A demonstration of the structural adequacy of
the condenser internals must also be provided.

4. The analysis of the shutdown condenser platform did not include an
evaluation of the structural member connections. Additional justifi-
cation must be proviced for not evaluating the platform structural
connections or evaluation of these connections should be providec.

Component Supports

1. Seismic reevaluation analyses were performed for component supports
on the HPCS piping systems only. Since seismic reevaluation of the
component supports for the bulk of the LACBWR Plant's safety related
equipment has not been performed, this area remains a major open
item.

2. The load combination's used to perform the seismic reevaluation

analyses of the HPCS piping systems' component supports were not
provided. The licensee should provide these to NRC so they can be
reviewed for compliance with SEP requirements.

18
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3. Evaluation of the HPCS piping supports was performed using the AISC

allowable stresses times 1.6 for Service Level D (faulted)
conditions. This is not consistent with the SEP criteria
(Appendix B) for compression loads. The SEP buckling allowable
stress is limited to 2/3 critical buckling stress, where the
critical buckling stress accounts for residual stresses, imperfec-
tions, and appropriate boundary conditions. Reevaluation of the
compression members using the SEP allowable buckling stresses must
be performed.

.

6
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APPENDIX A

LA CROSSE AUDIT PLAN FOR SEISMIC QUALIFICATION

OF PIPING, MECHANICAL, AND ELECTRICAL EQUIPMENT
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LA CROSSE AUDIT PLAN FOR sed SEISMIC

QUALIFIC ATION OF PIPING, MECHANICAL, AND ELECTRICAL EQUIPTNT-

| I. dacxground

In Octooer,1977, tne office of Nuclear Reactor Regulation (NRR)
initiated Phase I of the Systematic Evaluation Program (SEP) to determine
the margin of safety relative to current standards for eleven selected
operating nuclear power plants and to define tne nature and extent of
retrofitting required to bring tnese plants to acceptaole levels of safety
if they are act already at tsese levels. Phase I of SEP involved Group I

plants, where Phase II involves Group II plants, consisting of San.

Onof re 1, La Crosse, 319 Rock Point, Yancee Rowe, and Haodam Necx. The

review for seismic requalification of SEP Group II plants will oe performed
by two teams. One team consisting of NRC staff personnei and NRC
consultants from '.awrence Livermere National Laboratory (LLNL) .will
evaluate the Group II plants' structures. A second team consisting of NRC
staff personnel and NRC consultants frc:n EGLG Idano, Inc., will evaluate
tne Group II plants' piping, mecnanical, and electrical equipment important
to s afety. This audit plan provides a description of how the SEP seismic
requalification of La Cresse piping, mecna.ucal, and electrical equipment
important to safety will be reviewed.

II. Scoce
,

The scope of review for the SEP seismic re-evaluation program will
include the systems and components (including emergency power supply and
distribution, instrumentation, and actuation systems) with the following
functions:

l

i 1. The reactor coolant pressure beundary as well as the core and

| vessel internals. This sho;1d also include those portions of the

| steam and feedwater system extencing from and including tne
secondary side of the steam generator up to and including tne'

outermost containment isolation valve and connected piping for
,

|
t

}

|
r
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1. NUREG/C2-0093, " Development of Criteria for Seismic Review of
Selected Nuclear Power Plants," N. M. Newmar< and 4 J. riall,

May 1978.

2. St andard Review Pl an, Sections 3.2, 3.7, 3.8, 3.9, 3.10.

3. Regulatory Guides, 1.29, 1.48, 1.60, 1.61, 1.89, 1.92, 1.100,
1.124, 1.130.

4. ANSI /IEEE Standard 344-1975.

5. ASME Soiler and Pressare 'tessel Code Secticn III,1980 Edition or

subsequent.

6. AISC, " Manual of Steel Construction," Eigntn Edition.

The intent of Phase II of SEP is to demonstrate tnat tne structural
integrity of the systems and components being re-evaluated will not be
impaired wnen sucjected to a postulated Safe Shutdown Eartnauake (SSE) in
comoination uitn other normal design loadings. As a minimum, comoonent
primary stresses must ce evaluated using current criteria provided in the
acove standards for Level f. ,f aulted) service limits.

IV. Review Procedures

A. General

The review team (NRC and NRC consultants) will perform the review
effort parallel with the licensee's seismic re-evaluation efforts. A

minimum of enree scrking level meetings among the review team, licensee,
and licensee's consultants are anticipated. This method of review nas been
selecteo in order to expedite the review. The working level meetings will
pennit an excnange of infor nation wnicn will minimize fomal written
cocynunication, thus expediting the program. One of the meetings will be
conducted at the plant so the review team can perform a field inspection of
the equipment being re-evaluated.

3
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1. Detailed presentation of seismic re-evaluation aragram plan by
licensee or licensee's consultants.4

2. Discussion and resolution of concerns whicn tne review team nas
uitn the program p1 an.a

3. Presentation of 1icensee's progress towaros completion of seismic
re-evaluation program by licensee.

4 Presentation of anticipateo schedule for completing program by
licensee.

' 5. Sumary presentation of seismic re-evaluation analyses results
(include identification of systems and comoenents anica require
retrofitting) Dy licensee.

5. Detailed review of completed seismic re-evaluation analyses for

selected systems and equipment (include detailed review of
required retrofits) .

7. Exit briefing identifying acceptacle areas of review and areas of
concern requiring additional information to resolve oy review
team.

For the meeting at tne plant, the following agenca is anticipated:

1. Presentation of licensee's progress towards ccmpletion of seismic
re-evaluation program by licensee.

j 2. Presentation of anticipated scnedule for completing program oy

| licensee.

| a. Requirea at initial meeting only.
|

|

|

[
'
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'/ I. Review Scnecule

The anticipated schedule for completing Phase II of SEP for La Crosse
nuclear power plant is as follows:

1. First working meeting tiot scheculed

2. Plant visit : tot Seneduled

3. Final dorting meeting |iot Scneduled

4. Complete TER 09-30-82

.

4

#

e
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c. If static equivalent cetnad is used:

(1) Is justification provided for performing a stat'ic
equivalent analysis?

!

| (2) How was required level of input determinec?
t

3. Has the piping system Deen prcperly moceled?

a. Have valves oeen properly modeled including any eccentricity?

b. Has acequate mass point spacing been utilized?

c. Are adjacent element lengtn ratios reasonaale?

c. Have all significant branch piping systems aeen included?

e. Have all supports been specified with correct imposed loads
(if any), direction and stif fness?

f. Have supports with significant nonlinear cnaracteristics
been properly nanaled?

9 Have correct pipe sizes, geocetry, tnicknesses, and uniform
weignts been specified?

h. Have correct design and operating pressure and temperature
data been specified?i

|

4 Has tne piping system been evaluated against proper criteria?
|

| a. Has a proper minimum thickness check been perfont.ed?

b. Have excessive deflections been considered?

9 -

. . _ _ , _ ,. .



s

g - [;
,

'

(3) Is spectra properly croaaened?

(4) 00 system frequencies straadle any peaks?

( 5) how were directional ccmoonents of input applied

(comoined)?

c. If time history metnod is used:

(1) Is sufficient system response acnieved?

(2) Is an adequate time step utilized?

(3) Is proper camping utilizea?

(4) How were directional comconents of input apolied

(comoined)?

d. If testing was used for requalification:

(1) What type of test was perf ormed?

(2) 'What justification is provided for the type of test
used?

(3) How were system natural frecuencies ceterminea?

(4) How was the required response spectra (RRS) determined?

(5) How does the test response spectra (TRS) compare to the
RRS?

(6) What g level was used in tne test?

11
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'II. Analysis Auait .or nat (Elec:rical Equipment)

1. Is the equipment rigid or flexible?

i'
3. How were ne natural frequencies determined?

b. If flexiole, is its response single-directional or
mul ti-d irectional?

'

c. If flexiole, is its response at one predominant frequency or
at several frequencies?

2. What type of analysis was performea?

1. Static g level,

(1) How was required level of input determined?

b. If response spectra metnod is used:

(1) Is correct spectra and damping utilized?
|

| (2) Is sufficient system response acnieved?

I (3) Is spectra properly orcadenea?

(4) Do system frequencies straddle any peaks?

e

(5) How were directional components of input applied

(combined)?
|

| C. If time history metnad is used:

(1) Is sufficient system response acnieved?

|

|

|

| 13
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4 Has tne system oeen properly mooelec?

a. Has adequate mass point spacing and districution oeen used?

D. Have all supports and coundary conditions, including ancnor
bolts, been properly moaeled?

c. Have significant nonlinear effects been properly hancleo?

5. Has the system been evaluated against proper criterla?

a. Have tne proper load comoinations been analyzea?

b. Have proper stress intensities oeen evaluatec?

c. Have deflections been considered?

d. Have proper allowable stress limits been selecteo?

e. How were computer output responses combined (directional and

modal)?

.

=

1
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APPENDIX B

!
I

REEVALUATION GU!DELINE FOR SEP GROUP II PLAflTS

(EXCLUDING STRUCTURES)

:
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|
|

l

|

B-i

-. - . - . - . - - - . - . . . . - - . . - . - - - - . . . - . . . . . - . . . . - . . . . . - - . .



.
O

REE'lALUATION GUIDELINE

FOR

SEP GROUP II PLANTS

(?XCLUDING STRUCTURES)

INTRODUCTION

In support of NRC's Systematic Evaluation Program (SEP) for Group II
Plants, the following Reevaluatico Criteria have been estaolished. These

criteria include recommended load combinations witn allowable stresses
and/or loads for piping systems, component supports, concrete attachments,
and equipment. These criteria are based on linear elastic analyses having
been performed. The acceptance criteria are generally based on the ASME
Code. For situations not covered by these cri'.eria, (i.e. Items 1

constructed of cast iron) compatible criteria shall be developed by the

licensee and will be reviewed on a case-by-case basis. The licensee is
requested to justify major deviations in criteria which appear less
conservative than those specified herein.

OEFINIT[0NS

.

ASME Boiler and Pressure 'lessel Code, Section III, " NuclearCode =

Power Plant Components," 1980 Edition, Winter 1980 Addenda.

o, General memorane stress. This stress is equal to the average=

stress across the solid section under consideratien, excludes

disccntinuities and concentritiens, and is produced only by

| mechanical loads.

a 3ending stress. This stress is equal to the 1 blear varying j=
b

portion of the stress across the solid section under

consideration, excludes discontinuities and concentrations,

and is produced only by mechanical loads.

Design or maximum operating pressure loads and designP =
O

mechanical loads.

1
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Inertial loads due to Safe Shutdown Earthauake (SSE) and552 = ' -

design mechanical loads where applicaole. ,

,

;

Loads due to thermal expansion of attached cipe (constraint7 =

of free end displacement).

,

Loads due to weight effects.W =
,

Loads due to SSE anchor movement effects.AM =

Critical buckling stress.S =
bk

Allowable stress intensity at temperature listed in ASME Code.S =
m

Yield strength at temperature listed in ASME Code.5 =

g Ultimate tensile strength at temperature listed in ASME Code.S =

Local membrane stress. This stress is the same as ao =

except that it includes the 7 ect of discontinuities. )ff

ASME Code Class 2 allowable stress value. The allowableS =

stress shall correspond to the metal temperature at the

section under consideration.

General Primary . Membrane Stress Intensity. This stress~P, =

intensity is derived from the average value across the
thickness of a section of the general primary stresses

,,

pecduced by design internal pressure and other specified
I

! DesignMechanicalLoad,butexcludingallsecondaryandpeak
i stresses. Averaging is to be applied to the stress

components prior to determination of the stress intensity
values.-

1

~

'

.

|
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?g Local Membrane Stress Intensity. This stress intensity is=

the same as P except that it includes the effects of

discontinuities.

Primary Bending Stress Intensity. This stress intensity isP.
' =- -

3 Iderived frca the linear varying portion of stresses across
the solid section under consideration produced design

pressure and other specified design mechanical loads.
Secondary and peak stresses are not included.

-

SPECIALLIMITAr!geg

1. Critical buckling loads (stresses) must be determined taking into
account comoined loading (i.e., axial, bending, and shear), initial
imperfections, residual stresses, inelastic deformation, and boundary
conditions. Both gross and local buckling must be evaluated.
Critical buckling loads (stresses) shall be determined using accepted

methods such as those contained in NASA Plates and Shells Manual or
ASME Code Case N-284. I

2. Where stresses exceed material yield strength, it snall be
demonstrated that brittle failures and detrimental cyclic effects are
precluded, and that dynamic analysis assumotions are not
nonconservatively affected. Where significant cyclic effects are
ident'!!ed, it shall be demonstrated that the structure or component
is capable of withstanding ten full peak deformation cycles.

3. Where results of analysis indicate that the allowable stresses of the
original construction code are exceeded in any of the load
combinations specified herein, it shall be demonstrated that the
in-situ item was designed and fabricated using rules compatible with
those required for the aopropriate ASME Code Class (Subsection NX2000,

3
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4000, 5000, and 6000). In cases where comoatibility with the

appropriate ASME Code Subsections was not substantially achieved,

appropriate reductions in these limits snall be established,
justified, and applied.

.

t
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ACCEPTANCE CR[TERIA FOR P[?{1G

Using Code (a) Class 2 analytical procedures [ Equation (9), 1

NC-3653.1], the following stresses are not to be exceeded for the specified
piping:

Class 1: P +P W*P * SSE 1 l'8 3b" O
1

Class 2: P +P W+P SSE 1 2.4 S= +
O

The effects of thermal expansion must meet the requirements of

Equation (10) or (11) of NC-3653, including moment effects of anchor
displacements due to SSE if anchored displacement effects are omitted from 1

Equation (9) of NC-3653. Class 1 analytical procedures (NS-3600) can also
be utilized if appropriate allowable stresses specified in NB-3650 are used.

Branch lines shall be analyzed including the inertial and displacement
input due to the response of the piping to which it is attached at the
attachment pnint.

.

a. The references to ASME Code equation and paragraph numoers on this page
cerrespond to the 1980 edition of the code,1981 winter addenda. This was j
done in order to avoid confusion introduced by the initial 1980 edition of

the code which renumbered the equations differently from past and cresent
editions of the code. Equation numbers presented on this page reflect
common nomenclature utilized in the nuclear industry.

5
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I
ACCEPTANCE CRITE:tI A FOR CLASS 1 COMPONENT SUPPORTS

Acceptance Critaria(a)

Imposed Load
Combinations Linear Plate and Shell(b)

The higher of:

Code Subsection NF
or Design, Level A, and

Level 3 Limits
I

W+PO+T Pt + Pg i 1.5 Sm

The higher of: ----------

1.2 Sy(5 Sm orPm<1W+PD ,
SSE, AM,+ +

c)' Code Subsection NF
or Level 0 Limits not to exceed 0.7 Su

I+ AM Pt + Pb R.25 Sm orSSEW+PD+T +

1.85 Sv (c) not to
exceed
1.05 Su

In addition to the above criteria, the allowable buckling stress shall be

limited to 2/3 S . , where S 'b< is determined in accordance with Special

Limitation 1.

a. The.se load comoinaticns shall be used in lieu of those specified in
ASME Code Subsection NF. In addition, for brittle types of material not
specified in the Code, approcriate stress intensification factors for
notchas and stress discontinuities shall be applied in the analysis.

I
b. The 1.5 Sm value from N3 3221 on wnicn these are based (Code Apoendix F
1323.1) shall be limited by Code Section NB 3221.3.

c. Use larger of.

.

N
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ACCEPTANCE CRITERI A FOR CLASS 2 COMPONENT SUPPORTS

Acceotance Criteria (a)
Imonsed Load
Comb in ations Linear Plate and Shell

The higher of:

Code Subsection NF
or Design, Level A, and

Level B Limits
A+Po+T, at + an $ 1.5 S

The higher of: ----------

+ AM 3 4 ~<~ l.5 5 or+ SSEW+PD
Code Subsection NF

or Level 0 Limits 0.4 S (b)y

|AM| at 3b i 2.25 S c>SSEW + Po + T + *+

0.6 Su ID)

In addition to the above criteria, the allowaole buc'< ling stress shall ba

limited to 2/3 S ' , where S '< is determined in accordance with Specialb< b

Limitation 1.

a. These load comoinations shall be used in lieu of those specified in

ASME Code Subsection NF. In addition, for brittle types of material not
specified in the Code, appropriate stress intensification factors for
notches and stress discontinuities shall be applied in the analysis.
~

Use lesser of.b.

.
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ACCEPTANCE CRITERIA FOR CONCRETE ATTACHvENTS

1. Concrete Exoansion Anchor Snits (a)

Load ComDinations: Same as for component supports.

Acceptance Criteria:(D)

Wedge type: 1/4 ultimate as specified by manufacturer.
.

Shell type: 1/5 ultimate as specified by manufacturer.

II. Grouted Bolts: Replace (a , ,(c)

I'r oncrete Embedded Anchors #

Load Combinations: Same as for component supports.

Acceptance Criteria (DI: 0.7 S
u

|
|

.

Base plate flexibility effects must be considered.a.
|

b. Both pullout and shear loads must be considered in ccmbined loading
situations.

c. Unless stresses in the bolts and structure to which they are attached.

are shown to be sufficiently low to preclude concrete / grout / steel interface
| bend failures. Load combinations are the same as those for ccmponent

supports.,

!

|
|

| 8
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ACCEPTANCE CRITERI A FOR CLASS 1 MECHANICAL EQUIPMENT

ID) I I9)Comoenen t Loadino Concination Criteria

D
+

SSE|+Nozzle Loads | Pm 1 2.4 Sm er 0.7 Su I*IPressure vessels W+P,

and heat-exchangers (P or P ) + Pbi 3.5 Sm t m

or 1.05 Su (*}

Nozzle loads Pmi 1.2 Sm or S If}SSEActive pumps and W+PD ++ y

other mechanical (P orP)+Pbi I 3 Smm t

components (a),(c),(d) cr 1.5 Sy (f)

Nozzle Loads | Pm1 2.4 Sm or 0.7 Su I*IInactive pumps and W+PD ,+ SSE +

other mechanical (P or P ,*) + Pb1 3.5 Smm

comoonents(c) cr 1.05 S *
u 1

SSE|+NozzleLoads Pm < l.2 S- cr Sy (f }Active (a),(c),(d) W+Pg +
"

valves

(P or P ) + Pbi I 3 Smm t

er 1.5 Sy (f)

Pm1 2.4 S or 0.7 Su I*Inactive valves (c) w . pC + |SSE |+Nozzle Loads m

(Pm or P t) + Pbi 3.6 Sm

er 1.05 Su (e)

}Bolt strass shall be limited to: Tension = Sy or 0.7 S u

Shear = 0.6 Sy or 0.42 Su(e)

a. Active pumps, valves, and other mechanical ccmponents (e.g., CR0s) are
defined as those that must perform a mecnanical motion to ac:cmplish a
system safety function.

b. Nozzle loads shall include all piping loads (including seismic and
thermal anchor movement ef fects) transmitted to the camcenent during the
SSE.

t
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c. Scope and evaluation of pumps and valves ars. to be in accordance 4ith
N3 3411, N8 3412, and NB 3546 of tne Code, including saismic and tnermal
anchor movemen t ef fects.

d. For active mechanical equipment contained in safe shut down systems, it
snall De demonstrated that deformation induced by the loading on these
pumps, valves and other mechanical components (e.g., CR0s) do not introduce
detrimental effects wnich would preclude functicn of this equipment
following a postulated SSE event. For valve operators integrally attached
to valve bodies, binding can be considered precluded if stresses in the

Ivalve body and operator housing and supports are shown to be less than
yield. In these evaluations, all loads (including seismic and thermal

anchor movement effects) shall be included.

e. Use lesser of two values.

f. Use greater of two values.

g. The 1.5 Sm value fecm 43 3221 on wnich these are based (Code
Appr.ndix F 1323.1) shall be limited by Code Section NB 3221.3.

.
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ACCEPTANCE CRITERI A FOR CLASS 2 .vECHANICAL EOUIPMENT

loadino Combination (b) Criteria (d)Ccg13 ent

Pressurc vesse h W+PD+ SSE|+| Nozzle Loadsf am i 2.0 S

and hr' C ex:n f ers (e or at) + e3 1 2.4 5m

+|SSE|+NozzleLoads omi 1.5 5Active Nmps md W+PO

other mechanical (o or ot) + ob 1 I85m

compcnents(a),(c),(d)

Inactive pumps and |W+PD +|SSE+ Nozzle Loads | omi 2.0 S

other mechanical (e GP 31) * Ob 1 2.4 Sm

components (c)

Active 14 + PD
+ SSE + Nozzle Loads | om < 1.5 5

v al ves( a ),( c ) ,( d )

(o or ot) ' ab 1 l8Sm

Inactive valvasic) |w + p0|+|SSE + Nozzle Loads | om1 2.0 S

(e or ot) + Pb1 24Sm

Bolt stresses shall be limited to: Te.isien = Sy or 0.7 5,(;*

}Shear = 0.5 Sy or 0.42 S u

Active pumps, valves, and other mechanical components (e.g., CRDs) area.
defined as those that must perform a mechanical motion to accomplish a
system safety function.

b. Nozzle leads shall include all pipina loads (including seismic and
thermal anchor movement effects) transmitted to the comocnent during tF.e
SSE.

c. Scope and evaluation of pumps and valves are to be in accordance with
. NC 2411, NC 3412, and NC 3521 of the Code, including seismic and thermal

anchor movement effects.

|
.

|

|

l
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d. For active mecnanical ecuioment contained in safe shut down systems, it
snall be demonstrated that defonation induced by the loading on these
pumps, valves and other nect.anic.al components (e.g., CR0s) do not introduce

7
detrimental effects which would preclude function 'of this equipment

following a postulated SSE event. For valve coerators integrally attached
to valve bodies, binding can be considered precluded if stresses in the
valve body and operator housing and supports are snown to be less than
yield. In these evaluations, all loads (including seismic and thermal
ancnor movement effects) shall be included.

e. Use lesser of two values.

12
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ACCEPTANCE CRITERIA FOR TANKS

Load Ccmoinations: |W * P I + ISSEID
a)+ 10ynamic Fluid Pressure Loadst

Acceptance Criteria: Smaller of S, or 0.7 S . In addition, the
u

allowable buckling stress shall be limited to 2/3

Sbk, where Sbk is determined in accordance
with Special Limitation 1.

.

a. Dynamic fluid pressure shall be considered in accordance with accepted
and appropriate procedures; e.g., USAEC TIO-7024 Horizontal and vertical
loads shall be determined by appropriately combining the loads due to
vertical and horizontal earthquake excitation considering that the loads
are due to pressure pulses within the fluid. These loads shall also be
applied, in comoination with other loads, in tank support evaluations.

13
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