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For cases where concrete expansion anchor bolts limit the
removal of a problem snubber, the anchor bolts will be requalified to new
factors of safety.

Even with the proposed changes, significant and adequate
conservatisms remain in the piping design. Strain rate effects, which
can significantly increase yield stress for dynamic loadings, are not
considered. The 0BE ground acceleration, presently required to be at
least half the SSE level, has no technical basis and results in an overly
conservative seismic design. Furthermore, the SRV (all) load case,
representing the simultaneous firing of all eighteen SRV's, is currently
placed in Service Level B loads. Based on probability or occurrence,
however, Service Level C is a more appropriate category for the SRV (all)
load. Counsiderable design margin exists by having an unrealistic load in
Service Level B added to conservatisms inherent in developing the SRV
(all) response spectra,

Subsystems wi' be selected for re-analysis based on
recommendations from LaSalle Station personnel. This input shall ensure
that the re-analysis effort addresses snubbers which create the most
problems at the station from maintenance, ISI, and ALARA standpoints. In
addition, snubbers within each subsystem will be prioritized for removal
before re-analysis.

The piping analysis methodologies and design criteria used to
re-analyze subsystems durirg the snubber reduction program will be
properly documented. After the stress report for a subsystem is
finalized, all affected design documents will be updated.



1.0

Introduction

The LaSalle County Nuclear Station has more than 1200 snubbers per
unit. This large number of snubbers has resulted from layers of
conservatism in the original design via codes, regulations, and
design techniques. The combination of these conservatisms produced
piping systems that contain more snubbers than are necessary or
desirable,

Since the original piping design at LaSalle, advances in piping
analysis and operating experience indicate that snubbers are not
necessary nor desirable for the following reasons:

1. Increased Ability to Predict Piping Response to Dynamic Events

Research conducted by PVRC has resulted in the recommenaation to
use higher damping values to predict piping response to dynamic
events. Furthermore, the excessive conservatism involved with
using enveloped spectra and broadened spectra may be reduced by
using newly ceveloped independent support motion and peak
shifting techniques. Use of the above damping values and
analytical techniques more realistically models piping response
behavior and indicates that many snubbers are not necessary.

2. Seismic Testing of Piping Systems

Recently completed testing at ANCO laboratories (reference 1)
and by Teidoguchi (reference 2) have demonstrated that piping
systems can withst¢ad earthquake excitations at least three to
five times larger than permitted by the ASME Code without
failure of the piping. The ANCO testing also demonstrated that
failure of a snubber or support in the Z - bend system tested
did not result in loss of piping pressure retaining integrity.

Historical data of fossil power plants and process plants
subjected to large earthquakes indicate that failure of major
piping systems have not occurred (references 3 and 4). Piping
systems in fossil power plants and process plants typically have
low fundamental frequencies (for example 0.5Hz) as compared to
nuclear plant piping. As a result, the response of these
flexible systems to a seismic event is less severe.

3. Snubbers Perform Unreliably

Operating experience at nuclear plants has demonstrated that
snubbers perform unreliably in service and are subject to
frequent failure. The functional test data from several plants
indicates that snubber failure rates typically range from 5% to
20%.

A snubber which does not perform according to design
specifications may not only fail to provide adequate protection
against postulated dynamic events, but may also introduce
thermal stresses during normal operation for which the system
was not designed.
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Occupational Radiation Exposure of Plant Personnel (ORE)

The Technical Specification for LaSalle requires both visual
inspection and functional testing of snubbers. These activities
divert manpower resources from other maintenance areas in order
to maintain the large population of snubbers at LaSalle. The
inspection and testing of snubbers results in large ORE to tne
personnel who inspect the snubbers in the plant or remove,
transport, and reinstall snubbers for functional testing.

Plant Availability

High snubber failure rates increase the frequency of required
inspections. Approximately half of the snubber population ic in
the drywell and main steam tunnel, areas inaccessible during
normal operation. Therefore, unit shutdowns are necessary for
the sole purpose of snubber inspection.

Interference with Piping ISI

Snubbers decrease the accessibility to welds and impede [SI of
the piping.

In seeking to reduce snubber related problems, CECo initiated a
snubber reduction pilot program in early 1984, The purpose of the pilot
program was to examine the feasibility of re-analyzing piping systems in
order to remove snubbers,.

The pilot program incorporated a variety of PVRC recommendations and
made comparisons of alternative design criteria and load combination
methods. PVRC damping values were used. The program also applied the
independent support motion technique, comparing results of the Abs Sum
methcd of combining group responses to the SRSS method. The advantage in
using the dynamic stress as secondary stress criteria was evaluated.

Load cases were modified to remove excessive conservatisms. Snubber
optimization subroutines were used. The program utilized existing piping
analytical models and minimized the conversion of snubbers to struts,

Results showed that 80% of the presently installed snubbers are
unnecessary and could be removed. Only 14% of the removed snubbers
required replacement by a rigid strut., Details cof the pilot program are
presented in Appendix A.

CECo now seeks approval to use the advanced piping analysis
methodologies and modified piping design criteria outlined in the
following sections. Improvement in plant safety and reliability,
decreased ORE, and increased access for [SI are the sought after benefits.
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Scope

The snubber reduction program will encompass snubbers on
safety-related piping systems, including snubbers on NSSS5 piping.
Snubbers used for the seiswic support of equipment, other than
piping, are excluded.

Not all safety-related subsystems wiil be re-analyzed to remove
snubbers. Re-analysis will only be performed on subsystems where
improvement in plant safety and/or ORE will result or where
improvement in plant economics justify the effort.






PVRC danping will be used for the response spectra of all
buildin¢-filtered loads. However, the building feedback
response from BWR hydrodynamic events exhibits frequency
content ibove 33 H,. Therefore, 2 percent of critical
damping will be used for all frequencies above 33 H;. The 2
percent value was used in the original design for emergency
and faulted condition dynamic loads.

For some hi.ghly insulated piping systems, the PVRC approved
similar damping criteria beginning at 8% of critical damping
in a meeting on January 27, 1986. It is our understanding
that this will probably be endorsed by Section IIl through a
Code Case. At that time, we intend to apply for use of these
higher damping values on the applicable systems.

PVRC Peak Shifting

The PVRC peak shifting recommendation provides an alternate
approach to the + 15% peak broadening guidelines required by
Regulatory Guide 1.122 (Reference 8). The peak shifting
alternative allows response spectra peaks to be shifted
throughout the + 15% range, enveloping input responses rather
than the inputs themselves. Peak shifting has been adopted by
the ASME as Code Case N-397 (Reference 9).

Independent Support Motion (ISM)

The ISM method groups pipe supports by attachment points,
where supports attached to a floor or structure with the same
general translational motion (without rotation) are considered
as a group. All support attachment points in a gioup will
have the same response spectra. The piping response resulting
from each group is calculated by keeping ail other pipe
support groups fixed. The total piping response is determined
by combining the effects of all individual groups.

Original plant design enveloped all independent response
spectra at the various attachment points of a given piping
system into a single response spectra. The enveloped response
spectra, aisc referred to as a uniform response spectra (URS),
was used as the input for all attachment points. NUREG-1061
and NUREG/CR-3811 (Reference 10) have indicated that this
practice considerably overestimates the response of piping
systems in most cases and precludes providing a balanced
design between seismic protection and normal system

operation, Both NUREG-1061 and NUREG/CR-3811 recommend use of
the ISM methods.

In order to apply the ISM methodology, the following approach
will be used:



a, For the inertial component of response:

s Structural support points that are attached to a
rigid floor or structure so that the same general
translatory motion (without rotation) is experienced
are considered as a group of supports,

ii. Group responses for each direction will be combined
by:

1. SRSS for UBE and Service Level B Hydrodynamic
Events,

2. Abs Sum for SSE and Service Level C&U
Hydrodynamic Events.

iii. Modal and directional responses will be combined by
the SRSS method without consideration of additional
techniques for closely spaced frequencies.

b. For the static component of response:

1. For each group, the maximum absolute response will be
calculated for each input direction and the results
combined by the Abs Sum method.

ii. Directional responses will be combined by the SRSS
rule.

¢c. Total response (inertial ana static) will be combined by
the SRSS rule.

The above approach is consistent with recommendations in
NUReG-1061 except for a.ii. Approval *uv combine group
responses for each direction using *the 5RSS method for OBE and
Service Level B hydrodynamic even.s is requested. The basis

is NUREG/CR-3811, a Brookhaver study which compared the

results of the URS and [ISM wethods to best estimate time
history analyses. The piping models were subjected to

multiple earthquake motions and the group responses were
combined using algebraic sum, SRS5S, and Abs 5Sum methods. Data
from the SRSS method are summarized in Table 4-1 of Appendix B.

The average group respenses combined by SRSS were shown to be
conservative when compared to time history analyses. The
comparison is summarized as follows:

Pipe displacements - 144% conservative
Pipe accelerations - 859% conservative
Pipe forces and moments - 152% conservative
Pipe support loads - 120% conservative
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It is recognized that there were a few cases where the
ISM-SRSS combination underpredicted piping responses by up to

19%.

Consequently, group responses from SSE and Service Level

C & D hydrodynamic events will continue to be combined by the

Abs Sum method. Additional studies presently being performed

at Brookhaven National Laboratories on ISM usin? PVRC damping
i

| will hopefully prove that the SRSS method is va

d in all

cases. Other studies are bLeing proposed which will use
| probabilistic analysis to justify SRSS.

| Until the pending stucdies are completed, the proposed position
| on directional group response combination is justified by the
following:

i,

Service Level B allowables limit the piping near yield
stress. Piping materials typically have a ratio of
ultimate stress to yield stress of approximately 1.7, ¢~
70% above yield. Thus, even if the SRSS group combinaticun
occasionally underpredicts responses by up to 20%, no
failure of the pressure boundary will occur.

10CFR100 requires nuclear plant piping be designed for an
operating basis earthquake (OBE) and safe shutdown
earthquake (SSE). The OBE is an earthquake which could
reasonably be expected to occur at the plant site during
the operating life of the plant. The SSt is based upon an
evaluation of the maximum earthquake potential,
considering the regional and local geology and seismology,
and specific local subsurface characteristics. However,
10CFR100, Appendix A, Part Vv, “"Seismic and Geological
Design Basis," requires the OBE be at least one-half the
magnitude of the SSE. This requirement is not consistent
with the definition of the OBE and leads to an overly
conservative design. Consequently, the OBE rather then
the SSE often controls piping seismic design. Since
designing piping systems to the SSE is sufficient to
ensure safety, the OBE should not govern seismic design.

Until the conservatism involved with the [SM-S5RSS method
can be documented, group combinations for the SS5E and
other Service Level C&D hydrodynamic events will be
combined using the Abs Sum method or otherwise the URS
will be used.

3.1.4 Response Combination

3.1.4.1 High Freguency Modes

For subsystems affected by BWR hydrodynamic loads,
all modes above 33Hz will be considered as high
frequency modes. Algebraic combination will be used
to combine high frequency modal effects. The total
effect of all high frequency modes will be combined
with the total effect of all modes less than 33Hz by
using the SR55 method.

o il



3.2

3.1.4.2 C(Closely-spaced Modes

As recommended in NUREG-1061, all modes less than
33Hz will be combined using the SRSS method without
considering closely-spaced modes.

3.1.4.3 Sequence of Combinations

Any sequence of combinations between spatial and
modal components may be used.

Time History Method

The time history method will be used to analyze piping systems
subjected to dynamic loads characterized by external forcing
functions. These include the SRV thrust loads, turbine trip
transients, etc. The time history method may also be used for other
dynamic loads such as seismic loads, SRV discharge (inertial), LOCA
(inertial), annulus pressurization loads, etc.

Consistent with the recommendation of NUREG-1061, Keg. Guide 1.61
(Reference 11) <amping values will be used in the time history
analysis.

3.2.1 Muitiple Input Time History Approach

The time history approach will be performed using the muitiple
input time history approach. This approach utilizes
individual time histories at the various building attachment
points. The building time histories are either obtained from
the dynamic analysis of the building subjected to the
particular dynamic load or obtained by synthesis of the
broadened response spectrum.

The technical details of the multiple input time history

methodology are already provided in Section 3.7.3.14.2 of the
updated LaSalle FSAR (Reference 12).

3.2.2 Nonlinear Time History Analysis

Nonlinear time history analysis, which considers the effects
of geometric and/or material nonlinearities, will only be used
in select cases. The geometric nonlinearities include gaps
between pipe supports and pipes and between pipe supports and
building structure. Technical details of nonlinear dynamic
analysis are well documented in literature. Specific approval
will be sought on a case-by-case basis.
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The load from SRV discharge is then imposed on the header
piping. Because of the difference in the SRV set points,
variation in the valve opening time and discharge pipe
routing, CECo will combine the maximum response due to the
individual application of SRV discharge load on the main steam
header by the SRSS method.

4.1.3 SRV (all) and SRV (asymmetric) Loads

The BOP piping at LaSalle was originally designed by

enveloping the SRV (all) and SRV (asymmetric) response
spectra. The NSSS piping, however, was designed by performing
?ep:rate analysis to obtain the SRV (all) and SRV (asymmetric)
oads.

In the snubber reduction program, CECo will use separate
analyses to obtain the SRV (all) and SRV (asymmetric) loads on
the BOP piping, as was done for the NSSS piping. The envelope
of the individually obtained SRV (Al11) and SRV (asymmetric)
loads will be used in the applicable load cases as the SRV
(all/asy) load.

4.2 Allowable Loads and Stresses

All piping and supports, NSSS and BOP, will continue to be designed
to the original Code of Construction, the 1974 ASME B&PV Code,
Section III (Reference 13). In special circumstances, later
editions and addenda may be used provided that the new requirements
are reconciled with the original design requirements as provided in
Section XI of the ASME Code (Reference 14)

4.2,1 Piping

The snubber reduction pilot program results have indicated
that allowable loads on supports and mechanical equipment
nozzles are the most common factor limiting snubber removal,
not allowable pipe stress. However, special cases may arise
where the removal of problem snubbers may be possible if and
only if alternative pipina stress criteria are used. For
these special cases, alternative piping design criteria based
on allowable strain and classifying dynamic stress as
secondary stress are currently being developed. After
industry recommendations have been evaluated and the
alternative criteria are complete, the alternative criteria
may be forwarded in a separate submittal.

4.2.1.1 Strain Criteria

The strain criteria will be used as acceptance
criteria when inelastic response analyses are
performed., The strain criteria will also be used
with psuedolinear-elastic estimation methods.
NUREG-1061, Volume 5 concludes that since trke SSE
is a low-probability event, it is prudent to
account for the energy absorption and dissipation
capacity of piping by accepting some inelastic
behavior.
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‘.3

4.2.2

4.2.1.2 Dynamic Stress as Secondary Stress

CECo is aware of ongoing industry discussions
among A4SME and PVRC committees concerning a
modified dynamic stress criteria. The mogified
dynamic stress criteria is based on the
classification of seismic loads as secondary,
accounting for the energy absorpiion capacity of
the piping, and considering the seismic loads in
a separate fatigue evaluation. CECo will
consider using the modified criteria when its
acceptability is proven for both seismic and BWR
hydrodynamic loads.

Pipe Supports

Standard pipe component supports for NSSS and BOP
safety-related piping were designed in accordance with
Subsection NF of the ASME B&PV Code, Section IIl or ANSI B31.1
as appropriate. Non-standard pipe supports were designed in
accordance with AISC requirements., The same acceptance
criteria will be used in the snubber reduction program.

Miscellaneous Piping Criteria

4.3.]

4.3.2

4.3.3

As-Built Tolerances

Any as-built configuration which does not meet the tolerance
band stated on design drawings, but was reconciled, will be
used to update the piping analytical model during the snubber
reduction program.

Pipe Dynamic Displacements

Pipe dynamic displacements will be checked after snubber
optimizaticn to ensure that interaction with surrounding
structures, piping, ductwork, cable trays, and equipment does
not occur.

The interaction check will be performed either by limiting new

displacements to less than or equal the previocusly existing
pipe displacements or performing a field walkdown to confirm
acceptable clearance.

Functional Capability - Essential Piping

For essential piping, the original functional capability
acceptance criteria as stated in the Mark [I-DAR (Reference
19) will be met.

Should piping acceptance criteria based on strain be

implemented, the functional capability acceptance criteria
shall also be changed accordingly.
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4.3.4

High Energy Line Break (HELB) Criteria

Design criteria for the selection of postulated locations of
HELB are provided in Section 3.6.2 of the updated FSAR and
were based upon Regulatory Guide 1.46 (reference 15), NRC
Branch Technical Position APCSB 3.1, Appendix B, and as
expanded in NRC Branch Technical Position MEB 3-1. These
criteria require postulated HELB locations at terminal ends
and at two or more intermediate locations. Evolution of these
criteria has been summarized in NUREG-1061. The conclusion is
that current nuclear power plants have too many pipe whip
restraints and jet impingement barriers for extremely low
probability HELB events.

For the snubber reduction program no new HELB locations will
be added, unless it becomes necessary to satisfy stress and
cumulative usage factor (CUF) limits. The usage factor to be
usec will follow recommendations in letter N. Hou, NRC to

J. Fox, Chairman of the ANS-58.2 Working group, dated Uctober
1, 1985 (Reference 20). In that letter, Mr. Hou suggests a
CUF of 0.4 instead of the 0.1 factor presently used, based on
the implementation of ANSI/ASME Standard OM-3, "Requirements
for Pre-Operational and Initial Startup Vibration festing of
Nuclear Power Plant Piping Systems", which reduced the
uncertainties associated with vibratory loads.
Fre-operational and startup vibration testing programs
consistent with this standard have been performed at LaSalle
Units 1 & 2. The purpose of the programs was to ensure that
the operational vibration levels did not exceed allowable
stress amplitudes nor caused undesirable system responses.

Note that the increase in allowable CUF from 0.1 to 0.4
affects only postulated HELE locations on Class 1 piping. New
postulated HELB's, if any, will be evaluated to demonstrate
that plant protection requirements have been satisfied.

Rev. | to SRP 3.6.2 (Reference 16) states that it is not
required to relocate arbitrary intermediate breaks (AIB's)
each time the piping stress pattern changes, provided that
specified stress and usage factor limits are satisfied. AIB's
are those breaks postulated to provide a minimum of two breaks
between terminal ends even though required stress limits and
usage factors are met. Furthermore, CECo has received
permission from the NRC in the LaSalle County Station Units |
and 2, "Safety Evaluation for the Elimination of Arbitrary
Intermediate Pipe Breaks", September 1985, to physically
remove pipe-whip restraints associated with Al8's on Class |
piping, except for one AIB on piping susceptible to IGSCC.
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4.4.2 Nozzle Flexibility

For the original design, piping system flexibility
calculations (used for evaluating both static and dynamic
loadings) did not always consider the flexibility of component
nozzles. Nozzle flexibilities may be calculated and included
in piping system flexibility calculations during the snubber
reduction program.

4.4,3 vValve Accelerations

Valve operator accelerations shall not exceed the qualified
allowables specified in existing stress reports.

Structural Evaluation

Auxiliary steel is the steel used to support loads from piping
systems, conduit or cable trays, and does not contribute to the
strength or stiffness of the primary structure. Auxiliary steel is
not essential to the load carrying capacity of the main building
structures and typically consists of light steel framing members
spanning between girders, columns, or concrete walls.

Structural steel members carry the primary building loads.

Both the auxiliary steel and structural steel components were
designed in accordance with the 1969 AISC Manual of Steel
Construction (Reference 18) and other codes listed in Sections 3.8.3
and 3.8.4 of the updated FSAR.

For the majority of the piping subsystems undergoing re-analysis,
loads on the auxiliary and structural steel components will be
limited to a value less than or equal to existing qualified loads.
However, in cases where an existing qualified load precludes removal
of a problem snubber, the following techniques may be used to
requalify the component to a higher allowable load.

4.5.1 Auxiliary Steel

4.5.1.1 Actual Material Yield Stress Data

The steel used in auxiliary steel components
typically has an actual yield stress, based on tests,
higher than the yield stress specified in the AISC
Manual., If Certified Material Test Reports (CMTR's)
are available for the steel, the actual minimum yield
may be used in lieu of the yield stress specified in
the AISC Manual for the material type.
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4.5.1.2

4.5.1.3

Standard Design Practices

When qualifying auxiliary steel to higher allowable
loads, excessive conservatisms in the original

design, additional to those inherent in SRP 3.8.4
(Reference 16), will be removed. Thus, auxiliary
steel design will remain in accordance with SRP 3.8.4.

The auxiliary steel at LaSalle Units 1&2 was
originally designed with an increase factor of 1,33
for faulted allowables versus design allowables. SRP
3.8.4 allows up to a 1.7 increase facter and the
updated FSAR allows up to a 1.C increase factor
(Table 3.8-9).

However, the original FSAR criteria will be retained
for structural shapes with no axis of symmetry (angle
sections).

Furthermore, SRP 3.8.4 allows the use of the plastic
section modulus in computing the strengths of
auxiliary steel for emergency and faulted conditions
(Service Levels C and D) when LOCA and SSE loads are
combined.

The effect of auxiliary steel yielding on the piping
system response will also be evaluated.

Ductility Ratio

As an alternative to the elastic criteria for
auxiliary steel design, an inelastic approach
allowing support yielding will be followed. In this
approach, the allowable ductility ratio is limited to
three, where the ductility ratio is defined as the
ratio of the elastic to elastic/plastic deflection at
the pipe attachment point.

In these cases where a ductility ratio of three is
used, no increase in material yield (as described in
4.5.1.1) will be used. Also, the ductility approach
will be uced only if the connection is stronger than
the member.

The effect of auxiliary steel yielding on the piping
system response will also be evaluated.
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5.0
5.0

Conservatisms

General Conservatisms

Even though the approaches being employed in the snubber reduction
program are more realistic methods of evaluating piping systems,
significant conservatisms remain in this approach which are not
quantifiable and are usually not considered in evaluatin? piping
system safety margins. These conservatisms can be classified in
three categories, as follows:

1) Anaiytical simplifications of complex phenomena in piping
behavior.

A. Strain rate effects, which can significantly increase
yielc stress for dynamic loadings, are not used.

B. As used in the primary load equations for linear elastic
analysis, stress intensification factors are extremely
conservative., Use of these factors predicts yielding
earlier than would naturally occur in components like
elbows and tees; furthermore, no analytical mechanism
exists for the redistribution of stress to other
components after initial yielding.

C. Current Code allowables for dynamic loading are
conservative. Current Code thinking may eventually result
in modifications tc the criteria, such as the
consideration of seismic stresses as secondary. Pending
future developments in dynamic stress criteria, the
conservatisms may become quantifiable and CECo will take
credit for them.

2) Simplified modeling of real piping system gecmetric and
material properties.

A. Piping material actual yield strengths are generally at
least 10% greater than Code specified minimums. In some
cases, this conservatism will be accounted for in
requalifying auxiliary and structural steel.

3) Conservative hand calculations and component allowables for
pipe supports,

A. Hand calculations of structural components and anchor bolt
loads are conservatively performed,

B, The loed capacity of catalog items, as given by the
vendor, are conservatively provided to A/E organizations.

Thus, the CECo approach includes conservatisms beyond the
conservatism inherent in the ASME Code. At the same time, the
piping systems will be made more reliable for normal system
operation,
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5.2

Specific Conservatisms at LaSalle

In addition to generic conservatisms inherent in the piping stress
analysis, additional conservatisms exist in the basic loading
inputs. It should be noted the following conservatisms will ramain
in the plant design after the snubber reduction program is complete.

1)

2)

3)

4)

The OBE site acceleration level of 0.10g for LaSalle is
extremely conservative. The excessive conservatism arises
because the O0BE is coupled to the SSE and must be at least
one-half of the SSE site acceleration level. NUREG-1061
recognizes that this requirement is overly conservative and
has no technical basis. The OBE level should be based on a
more reasonable level of occurrence, consistent with OBE loads
being classified as Service Level B, and be independent of the

SSE level.

The results of in-plant SRV tests (CECu proprietary) indicate
that significant margin exists between the BWR hydrodynamic,
analytically-predicted response spectra used for design and
the actual measured responses. The margin in the structural
responses stem from the inherent conservatisms in the
structural modeling and analysis techniques. Consequently,
the affected piping systems are designed for vibratory loads
larger than those that actually occur.

The SRV load case for the upset plant condition (Service Level
B) is the envelope of the SRV (all) and SRV (asy) cases. The
SRV (all) load case represents the simultaneous discharge of
all 18 SRV's.

The probability of the SRV (all) load case occurring, however,
is extremely low. While performing closure tests on the
MSIV's at 95% reactor power, the SRV (all) case never occurred
when the MSIV's were instantaneously shut., Based on the
probability of occurrence, Service Level C is a more
appropriate category for the SRV (all) load case.

Therefore, maintaining the SRV (all) load case in Service
Level B is overly conservative, Considerable design margin
exists by having an unrealistic load case in Service Level B
added to the conservatisms inherent in developing the SRV
(all) and SRV (asy) response spectra.

Even with the proposed improvements, the response spectra
technique generally results in a higher energy input into the
piping model than time history analysis. The higher energy
input translates into added conservatism in the piping
design, The time history analysis is used as the basis for
comparison because it is considered to be the most accurate

method of predicting piping response,
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When re-analysis is performed, the majority of subsystems will
continue to use the response spectra analysis for
building-filtered loads (seismic and BWR hydrodynamic), as was
done in the original design. Therefore, the added
conservatism introduced through the response spectra method

will continue to prevail in the design of piping systems at
LaSalle.
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4)

Documentation

The FSAR will be updated to identify those piping systems
which have been re-analyzed as a result of the snubber
reduction program. Also, the specific design criteria and
methodologies used in the snubber reduction program will be
identified for each system. In addition, the required ASME
Section IIl Stress (Design) Reports will be revised to reflect
the new pipe support configuration.
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Appendix A

Snubber Reduction Pilot Program

The pilot program was divided into two phases. Phase |
evaluated design optimization techniques by considering basic static and
dynamic (response spectra type input) load cases. Phase Il completed the
design re-evaluation by examining all load cases, including postulated
.ransients and fatigue, and all calculations and verifications required
by the ASME Code.

Portions of the residual heat removal (RH), standby liquid
control (SC), and main steam (MS) systems were selected as sample
subsystems.

This Appendix describes these subsystems, and briefly addresses
the methodology and, the acceptance criteria, and the results,

1.0 System Description

1.3 Subsystem MS5-03

Line MS-03 consists of 26* diameter piping conveying steam from
the reactor pressure vessel to the turbine, Isolation valves
are located inside and outside the containment, Additionally,
there are five, 8 inch diameter safety/relief valves connected
to the main steam line. Downstream of each SRV there is 12"
diameter piping which carries steam to the suppression pool
during SRV opening. Fcr the pilot study, the MS line and only
two of the five SRV's were included, the other three were
modeled only approximately. These lines have 30 snubbers, b
rigid supports, and 6 variable or constant spring hangers.

1.2 Subsystem SC-02

The standby liquid control system is designed to shut the
reactor .uwn from full power to cold shutdown and maintein the
reactor in a sub-critical state at atmospheric temperature and
pressure conditions by pumping sodium pentaborate, a neutron
absorber, into the reactor.

The manual start controls of the SLC system are interlocked with
the reactor water clean-up system such that initiation of either
standby liguid control channel wiil act to close the outboard
RWCU system isolation valve. This isolation function prevents
undesirable dilution or removal of neutron absorber from the
reactor vessel during SLC operation. The SC-02 subsystem is a
Class | piping system, anchored at the reactor pressure vessel
nozzle at one end and a penetration at the other end. The
subsystem has 4 snubbers, 15 rigid supports, one variable spring
hanger and three valves.
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The criteria used were similar to those recommended in NUREG-1061.
The stresses due to building inertial loads (seismic and BWR
hyrodynamic events) were removed from the code primary stress
equations. The stresses due to the inertial loads and the relative
anchor motions were limited to stress levels of 1.0 to 1.2 times
the yield strength limited by fatigue considerations.

However, since the snubber reduction in the M5-03 system was
limited by the pipe support/building allowables rather than pipe
stresses, there was no advantage in the reclassification of dynamic
stresses as secondary.

Results

The resuits of the snubber reduction pilot study on three piping
subsystems are summarized in the following table. As noted in the
table, the percentage of snubbers removed ranges from 70% to 100%
per subsystem.

Original Optimized
Configuration Configuration Percent

Subsystem No. of Snubbers Snubbers Snubbers Removed
2ubsystem =

Main S
MS-03

Standb
Contro
SC-02

Residu
Remova
RH=-19

Total

Retained] to Rigids
team 30 9 2 70

{ Liquid

al Heat
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APPENDIX B
TABLE 4-1

SUMMARY OF BROOKHAVEN ISM EVALUATIG.” USING SRSS
COMBINATION OF GROUP RESPONSES (INERTIAL COMPONENT)

Pipe Displacement]

% Conservative

e e e e e

R ——

Model Highest Lowest Mean
RHRSI12 217 4 147
AFWSG12 129 23 68
ZBEND 82 -19 39
BM1 601 8 176
BM2 607 -14 305
BM3 673 5 131

Ave. 137

Pipe Accelerations!
% Conservative

Model Highest Lowest Mean
RHRSI1Z 1,390 144 365
AFWSG12 728 72 240
ZBEND 579 17 115
BM1 482 57 253
BM2 14,618 109 2,571
BM3 47,893 60 1,612

Ave, 859
Notes

, All results are from Brookhaven case 3, which is representative of
the SRSS group combination procedure results.

- & Results from RHRSI1 and AFWSG] systems are mean results from 33
earthquakes, Thus, highest is highest mean, lowest is lowest mean,
and mean is mean of means.
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TABLE 4-1 (continued)

SUMMARY OF BROOKHAVEN ISM EVALUATION USING SRSS
COMBINATION OF GROUP RESPONSES (INERTIAL COMPONENT)

Pipe Moment and Forces!

% Conservative

Model Highest Lowest Mean
RHRSI12 237 34 164
AFWSG12 130 53 89
ZBEND 61 23 34
BM 1 345 1 172
BM2 417 90 3167
BM3 336 37 137
Ave, 152

Pipe Support Loads !

% Conservative

Model Highest Lowest Mean
RHRSI12 210 1 137
AFWSG12 128 26 69
ZBEND 66 -19 39
BM 1 228 9 115
BM2 597 -13 270
BM3 181 5 88

Ave, 120
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