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1 ABSTRACT

Current industry practices in the design of nuclear piping systems have
led to an excessive use of snubbers. Recent emphasis on maximizing the
reliability of piping systems, escalating requirements for in-service
inspection and testing of snubbers, and problems that some snubbers have
recently experienced, all have shown the i‘gnpor‘tance of minimizing the use
of snubbers to those that are really needed.

This paper summarizes work done to develop technical guidelines, and
criteria to help utilities plan snubber reduction programs.
Recommendations are also provided for industry activities to justify code
and regulatory changes that will allow snubber removal beyond the
guidelines presented.

2 INTRODUCTION

Extensive work is currently is progress within the nuclear power industry
to remove excess conservatism from the seismic design of piping systems
and allow them to be designed or redesigned with fewer piping supports,
particularly snubbers. For operating plants, when the piping seismic
response is redetermined using more realistic design criteria and
methods, it becomes apparent that many of the existing snubbers can be
removed without having piping response exceed the original system design
bases. In addition, at locations of small thermal movement, a snubber
can often be replaced by a rigid strut.

To date, this work has resulted in two changes to ASME Code
requirements for piping design: specifically new damping values (ASME
Code Case N-411-1) and quantification of the procedures to be used for
peak shifting of unbroadened floor response spectra (ASME Code Case N—-
397). Additionally, the NRC has accepted for some plants the use of the
square-root-of-sum-of-squares (SRSS) procedure for combining modal
responses as an alternative to that identified in Regulatory Guide 1.92.

Other work is in progress which ultimately may be reflected in changes
to Code and regulatory requirements. This work includes testing by
English to justify increasing the code allowable dynamic load which can
be applied to piping, evaluation of the independent support motion (ISM)
technique of response spectra analysis, high damping values for heavily
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insulated pipe, and improved procedures for evaluating vessel nozzles for
piping loads. .

For operating plants, a wide variety of options exist to take advantage
of these and other methods to identify snubbers which are needed and
snubbers which should be removed. These methods can vary widely in their
effectiveness, ease of use, cost, and licensing acceptability. An
investigation was conducted into the effectiveness of many of these
methods, including methods currently licensable, as well as methods which
may be licensable in the future. Results of this work are reported by
Munson in NSAC-104 and summarized herein.

To evaluate the various snubber reduction methods, they were applied to
the reanalysis of five typical piping systems installed in operating
nuclear power plants. The systems are from plants starting commercial
operation since 1980 and have a relatively large number of snubbers.

To quantify the effectiveness of each method, the following two groups
of analyses were performed:

1. For the original snubber configuration, changes to system dynamic
response were measured as each of the methods was applied incrementally.
Responses measured included pipe stress, support loads, nozzle loads,
pipe deflections, and valve accelerations.

2. The minimum snubber configuration for each system was determined as
each of the methods was applied incrementally. In determining this
minimum snubber configuration, the piping responses were required to meet
ASME Code stress limits; loads on nozzles, supports, anchors and valves
must remain within previously qualified values; and pipe dynamic
displacements were limited to :3".

3 SNUBBER REDUCTION METHODS EVALUATED

The scope of NSAC-104 included an evaluation of the following snubber
reduction methods:

1. PVRC Damping: New floor response spectra were developed for the
example piping systems using Code Case N-411 damping values, as an
alternate to those defined in Regulatory Guide 1.61.

2. SRSS Model Combinations: In the response spectra analyses, the
response of all modes were combined by the square-root-of-sum-of-squares
method (SRSS) as opposed to the closely spaced mode methods specified in
Regulatory Guide 1.92.

3. Algebraic Combination of High Frequency Modes: An algebraic
combination of high frequency modes has been recommended by Kennedy
(NUREG 1061) and Gupta as an alternate to the procedures of Regulatory
Guide 1.92.

4, Peak Shifting: Peak shifting of unbroadened response spectra, using
Code Case N-397, was investigated as an alternate to the peak broadening
defined in Regulatory Guide 1.122.

5. Independent Support Motion: Response spectra analyses were performed
whereby the applicable response spectra was applied to each pipe support
(independent support motion - ISM) as opposed to the common industry
practice of enveloping all applicable spectra and applying the envelope
spectra to all pipe supports uniformly. Piping response to the ISM
spectra were determined using two methods:

a. Absolute summation of responses from support group excitations as
recommended in NUREG 1061.
b. SRSS summation of responses as recommended by Subudhi and Lin.
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6. Time History Analysis: Piping responses were determined to seismic
floor time history motion as an alternate to response spectra analysis.
Two values of damping were used:

a. Damping values specified by Regulatory Guide 1.61
b. Damping values provided in Code Case N-411-1.

7. 5% and 10% Damping: Data by English and Scavuzzo indicate damping to
be a function of excitation amplitude and well in excess of 10% critical
for a high level excitation., NSAC-104 investigated the sensitivity of
piping design to the following two cases of higher damping:

a. 5% damping for both the OBE and SSE events (frequency
independent), and

b. 5% damping for the OBE event and 10% damping for the SSE event
(both frequency independent).

8. Seismic as Secondary: Sensitivity of piping design to reclassifying
seismic as a secondary stress per proposed ASME Code Cases was
investigated as an alternate to the current Code rules.

9. Pipe Support Design Allowables: Sensitivity of snubber reduction to
requalifying existing pipe supports to higher design allowable loads was
investigated.

10. Reduction to BWR Loads: Start up testing of many Boiling Water
Reactor (BWR) plants has often found significant conservatism in the
floor response spectra used for piping and equipment design for safety
relief valve (SRV) and LOCA discharge into the suppression pool. Recent
test results were reviewed to determine a simplified, but conservative
reduction factor to apply to the original hydrodynamic design response
spectra.

11. Snubber Conversion to Strut: For all methods evaluated, snubbers
which could be converted to a rigid strut based on small values of
thermal expansion were identified.

4 PIPING SYSTEMS INVESTIGATED

In selecting piping systems to be evaluated in the program, it was
thought that cumulatively they should be as representative as possible of
piping systems found in newer operating plants. As such the systems were
selected to obtain a reasonable mix of design variables including reactor
type (PWR versus BWR), plant seismicity (high versus low seismic zone),
ASME Code Class (Class 1 versus Class 2/3), piping material (carbon
versus stainless steel), operating temperature, and line size (large-
versus small-bore). The five systems are shown in figures 1-5.

5 SUMMARY OF RESULTS

In measuring the effectiveness of a given snubber reduction method it was
found that comparing the dynamic responses for the original snubber
conf iguration was not as meaningful as determining the minimum snubber
configuration. These minimum configurations were determined for 16
combinations of methodologies. Results of these analyses were used to
develop a recommended combination of methods for general industry use
that are both licensable and cost-effective. These methods consist of:

1. Code Case N-411 damping.

2. Combining all modes SRSS.

3. Replacing a snubber by a rigid strut when allowed by low values of
thermal expansion.

885



e

Figure 1

ISOMETRIC OF MAIN STEAM SUBSYSTEM MS-01
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Figure 2

ISOMETRIC OF RESIDUAL HEAT REMOVAL SUBSYSTEM RH-01
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Figure 3

ISOMETRIC OF STEAM GENERATOR BLOWDOWN SUBSYSTEM SGB-01
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Figure 4

ISOMETRIC OF SAFETY INJECTION SUBSYSTEM SI1-01
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DETAIL A

Figure 5

ISOMETRIC OF CHEMICAL AND VOLUME CONTROL SUBSYSTEM CVCS-
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4., Combining seismic inertia and seismic anchor motion loads on pipe
supports and nozzles by SRSS.

5. Review of dynamic loads such as SRV actuation and turbine trip for
excess conservatism.

6. Review of load combinations for excess conservatism,

Minimum snubber configurations for all five subsystems are shown in
table 1 for both the recommended methods, and for an upper bound case of
increased support allowable loads coupled with potential regulatory
changes.

From these results, the following conclusions were reached:

1. Of the snubbers that reanalysis showed were not needed, 53% were
identified using Code Case N-411 damping values.

2, For all subsystems evaluated, the criterion of not exceeding the
original design load on the remaining pipe supports was the governing
limitation to permitting removal of additional snubbers.

3. The next most important limitation to snubber removal was the
requirement that nozzle and penetration allowables not be exceeded.

4, The following acceptance criteria were found not to limit snubber
removal:

o Valve accelerations

o Pipe displacements

o Pipe functionality limits

5. With the present licensing restrictions on use of the independent
support motion (ISM) method of response spectra analysis, the use of this
approach is not advised.

6. Combining high frequency modes by the absolute sum method did not
make any significant differences in calculated pipe responses.

7. The following techniques rank low in their ability to determine if
snubbers can be removed:

a. The use of a constant 5% damping curve for all frequencies of the
OBE and SSE events (in place of Code Case damping). The reason is that
as snubbers are removed using Code Case damping, the predominant piping
modes fall below 10 Hz where the Code Case damping is also 5%.

b. The use of a constant 10% damping curve for all frequencies of
the SSE event. The reason is that the OBE tends to control design.
However, this conclusion might change if the OBE and SSE are decoupled,
or if the OBE allowable stresses are increased.

c. Peak shifting. Peak shifting requires an envelope of responses
from many load cases such as the unbroadened spectra shifted 0%, +15%, -
15%, and to coincide with piping modal frequencies. It was found that
the envelope of these results was not much different from results of
broadened spectra.

‘ d. Time history analysis, using Regulatory Guide 1.61 damping.
Except in cases where it is needed to justify removal of a particularly
troublesome snubber, it generally is not cost-effective.

6 RESEARCH RECOMMENDATIONS

Based on the results of this work, the following recommendations are made
for industry research to continue the efforts to develop more rational
design rules for piping systems subject to dynamic load events:
1. Appropriate industry resources should be applied to provide
technical justification for ‘use of the ISM method:
a. In combination with Code Case N=411 damping, and
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b. Combining results of each support group excitation using the SRSS
method as recommended by Subudhi and Lin.

2. Appropriate industry resources should be applied to identify and
eliminate unnecessary conservatism from pipe support design, and enable
existing pipe supports to be requalified to significantly higher loads.
Specific suggestions include:

a. Consider the use of higher allowable stresses for dynamic events.

b. Reevaluate the factors of safety required for design of expansion
anchors. At present, IE Bulletin 79-02 defines these factors of safety
as four for wedge type anchors and five for shell type anchors. These
factors of safety are constant for all service levels and load
combinations. This is a design philosophy different than that used for
pipe support structural elements and for building steel.

¢. Reevaluate the load combination criteria provided in Standard
Review Plan 3.8.4. These criteria are very conservative in consideration
of the dynamic nature of many of the loads and the time phasing that
occurs between them.

3. For BWR plantc, .. appears promising to develop criteria and
technical justification to apply the results of SRV in-plant testing to
reduce design SRV and LOCA response spectra.

4, Appropriate industry resources should be applied to provide
technical justification for Code Case N-U11 damping to be used for time
history analysis.

5. Encourage industry to decouple OBE and SSE events. Decoupling would
not only show that many snubbers are not needed, but generally would make
the SSE control the seismic design of both buildings and equipment.

Table 1
SUMMARY OF MINIMUM SNUBBER CONFIGURATION

MINIMUM CONFIGURATIONS
WITH INCREASED
SUPPORT ALLOWABLES &
ORIGINAL CURRENT LICENSING POSITION REGULATORY CHANGES

SUBSYSTEM NO SNUBBERS SNUBBERS __ STRUTS SNUBBERS _STRUTS
MS-01 30 10 1 2 1
RH-01 12 1 2 0 2
SGB-01 20 14 1 3 6
SI1-01 19 9 3 NE NE
CvCs-01 T 1 _t e NE
TOTAL 88 35 8 5 9

% REMOVED 51% 78%

% REPLACED BY STRUTS _9% 4z

TOTAL 60% 92%

NE = effects of increased support allowables and regulatory changes were
not evaluated for subsystem SI-01 and CVCS-~01.
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