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TVA has recently completed the analysis of the feedwater system at Watts Bar
Nuclear Plant, to evaluate pressure boundary integrity for a combined seismic
and check valve slam loading event. The qualification approach and methods
used in the final analysis are consistent with those presented to the NRC
during the meetings of September 24-25, 1991. The most significant actions
taken are summarized below:

Where possible, supports were upgraded in the analysis to
structural integrity during the postulated loading scenario.
were modified to meet ASME Appendix F requirements for the
load.

maintain
Supports
combined

* Material properties used in the analysis were revised to be consistent
with results of the ASME Code-sponsored tests.

* For the final analysis, individual seismic input time histories meeting
SRP requirements were generated for each structure separately.

* Sensitivity studies were performed for each main feedwater line
analysis to determine whether the maximum total stress (operating +
seismic + check valve slam [CVS]) is sensitive to the start time of the
CVS event with respect to the seismic time history.

The details of the final analysis approach, criteria, methodology, and
results are discussed in the enclosure to this letter.
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The results of the analyses and support upgrade are summarized as follows:

* For the 4 main feedwater lines, the analyses now assume 26 of the 44
supports have been upgraded.

* The analyses with the required support modifications provide assurance
that the feedwater system will retain pressure boundary integrity after
the postulated combined seismic and check valve slam event.

If any questions exist relative to the information contained herein, please
contact P. L. Pace at (6L5) 365 1824.

Sincerely,

William J. Museler
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Mr. B. A. Wilson, Prfrect Chief
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ENCLOSURE 0
SUMMARY OF ANALYSES AND RESULTS

BACKGROUND

On September 24-25, 1991, TVA met with the NRC to discuss the
resolution of Outstanding Issue 20(a), Feedwater Check Valve Slam
(CVS), (TAC Nos. 79718, 80345). Over those two days, TVA presented
preliminary results for a nonlinear analysis methodology to assess the
structural integrity of the feedwater system under combined seismic and
check valve slam loads.

Upon review of the analysis methodology, NRC requested TVA consider
support modifications to increase the number of supports which would
remain functional after the event. A few refinements to the analysis
methods were also discussed, such as material properties, seismic
input, CVS forces, arid the serts:s L i Uviuy of phasinug CVS loads with the
seismic event.

The analyses, evaluations, and support modification designs necessary
to maintain the pressure boundary integrity of the main feedwater
lines, the 2" bypass lines, and the 4" wet layup lines for all four
loops have now been completed. Through refinement of certain
parameters, the qualification approach has been improved.

The most significant actions taken are summarized below:

* Where possible, supports have been upgraded in the analysis to
maintain structural integrity during the combined postulated
loading scenario. Support modifications have been developed to
meet ASME Appendix F requirements for the combined load.

* Material properties used in the nonlinear analysis have been
revised to be consistent with results of the ASME Code-sponsored
tests.

* For the final analysis, individual seismic input time histories
meeting Standard Review Plan (SRP) requirements have been
generated for each structure separately.

* Sensitivity studies were performed for each main feedwater line
analysis to determine whether the maximum total stress (operating
+ seismic + CVS) is sensitive to the start time of the CVS event
with respect to the seismic time history.

ANALYSES PERFORMED

Main Feedwater Line

The main feedwater lines for loops 1, 2, and 4 were uniquely analyzed.
The main feedwater line for loop 3 is qualified by similarity to loops
2 and 4.
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Bypass Line

The bypass lines for loops 1 and 4 were uniquely analyzed. The bypass
lines for loops 2 and 3 are qualified by similarity to loops 1 and 4.

Wet Layup Line

The wet layup lines for loops 1 and 4 were uniquely analyzed. The wet
layup lines for loops 2 and 3 are qualified by similarity to loops 1
and 4.

ANALYSIS MODELS

Adequacy of the ANSYS Model

Research and review.of published results for comparisons of nonlinear
analysis versus testing were pt-rn'. ed i e tj eif-, the plopriety and
accuracy of the ANSYS model and analysis methods used in the feedwater
system assessment.

Material Properties

For nonlinear elements, trilinear stress-strain curves were used. The
curves are based on values of E, Sy, S,,, and e at temperature, derived
from ASME sponsored tests. For linear elements, the ASME Code value
of E is used.

Supports

Elastic stiffnesses and infinite capacity (to establish maximum loads)
were used to characterize modified supports to determine required
design loads. Supports which were not modified were characterized by
elastic stiffness, until the load exceeded the support capacity beyond
which the capacity is zero.

Whip Restraints

Whip restraints were modeled using gap elements.

LOADING CONDITIONS

Initial Conditions

Normal operating conditions of pressure, deadweight, temperature, and
thermal anchor movements at steam generators were considered.

Seismic

Three orthogonal (NS, EW, and vertical) input time histories were
generated for each structure using the envelope of OBE/SSE and Sets B+C
with Regulatory Guide damping. SRP requirements were met for time
history development; the time histories are approximately 20.5 seconds
long with the strong motion beginning at 3 seconds. The overall
maximum time step during the seismic event was .005 seconds, with a
maximum time step of .001 seconds during the CVS.
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Check Valve Slam

The CVS force time histories were regenerated using new versions of
RELAP/REFORCE. The RELAP models were improved to consider simultaneous
blowdown of all loops due to the header break (rather than considering
one loop at a time) and to include a revised check valve model that
more accurately represents the valve disc geometry.

Sensitivity Analyses

For each main feedwater line analysis, a series of at least 3 analyses
was performed to determine whether the maximum stress location and
value were sensitive to the time at which the CVS was initiated.

For the sensitivity study, the CVS event was initiated at 3.0, 3.5, and
4.0 seconds into the seismic event (the strong motion begins at
approximately 3.0 seconds inco tile st-is,:c evcnlt) .For loops 2 and 4,
the maximum stresses occur in the same location, are within 10% of each
other, and do not exhibit a trend to increase; therefore additional
runs were not performed. For loop 1, the maximum stresses occur in the
same location and are close to 10% of each other; however, the stresses
increased in each successive run. Therefore, one additional analysis
was performed (CVS initiated at 4.5 seconds). The maximum stress was
in the same location as the first 3, was lower than the stress at 4.0
seconds, and was within the stress envelope set by the first 3;
therefore additional runs were not performed.

For each loop, the analysis was completed (through the 20.5 second
seismic time history duration) for the most highly stressed case from
the sensitivity study. Design loads for each support were taken as the
envelope of loads from all runs in the sensitivity study.

Branch Lines

In addition to the appropriate operating condition and seismic loads
(as discussed above), the branch lines were also analyzed using
displacement time histories at the connections to the main feedwater
lines.

ACCEPTANCE CRITERIA

Piping and Supports

Stresses in the piping and supports were evaluated using allowable
values from ASME Appendix F.

RESULTS

Main Feedwater Lines

For loops 2 and 4, the total stresses from the nonlinear analysis
remained at or below the ASME Appendix F primary general membrane
allowables for all components. The loop 2 maximum stress was 45.9 ksi.
The loop 4 maximum stress was 44.9 ksi.
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For loop 1, total stresses from the nonlinear analysis were below the
ASME Appendix F primary general membrane allowables for all components,
except at the elbow closest to the steam generator. The maximum stress
in that elbow was 52.0 ksi, which exceeds the primary general membrane
allowable by 13%. A review of the stress time history reveals that,
for the most part, this maximum stress and other high stresses are
localized at one of eight integration points around the circumference
of the pipe, and at one location along the length of the elbow, for any
single point in time. These isolated overstresses were therefore
considered to be localized effects, and the maximum stress of 52.0 ksi
is well below the primary local membrane allowable of 59.0 ksi.

There was only one 4-millisecond duration where stresses at one end of

the elbow and at the midpoint of the elbow (still at one of the eight
circumferential integration points) exceeded the primary general
membrane allowable. For this period of Lime, Wle maxim"uml stress at any
point was 48.4 ksi, which is only 5.4% over the primary general
membrane allowable and is well below the primary local membrane
allowable. Therefore, loop 1 was considered to be acceptable and will
retain its pressure boundary integrity under the applied loads.

For loop 3, the configuration inside containment resembles that of loop
4, and the configuration outside containment resembles that of loop 2.
The CVS forces for loop 3 are equivalent to those of loops 2 and 4.
Since both loop 2 and loop 4 were qualified, loop 3 was qualified by
similarity.

All other in-line components, such as valves, nozzles, and flued heads,
have been evaluated and qualified to applicable FSAR-established
criteria.

Support Functionality

Supports outside containment have had modifications developed to remain
functional during the entire postulated event. Support design loads
were obtained by enveloping loads from all sensitivity runs and adding
a design margin to that envelope. The final number of supports
remaining functional after the combin-ed seismic and CVS event can be
tabulated as follows:

For the four main feedwater lines, the following support upgrades were
developed:

1 10 7 8

2 11 8 9

3 11 6 8

4 12 5 9
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Bypass Lines

For both loops 1 and 4, the bypass line stresses are well below the
primary general membrane allowables. For loops 1 and 4, the maximum
stresses are 33.9 ksi and 31.8 ksi, respectively.

For loops 2 and 3, the bypass line configurations are similar to
portions of the loop 4 bypass line. Additionally, the input
displacement time histories at the branch connections for all loops are
equivalent. The seismic input for loops 2 and 3 are lower than for
loops 1 and 4 (loops 2 and 3 are attached to the north steam valve room
instead of the Auxiliary Control Building. The north steam valve
spectra are lower than the Auxiliary Control Building spectra). Since
the configuration is similar and tne input loads are similar and
possibly lower, and since there is a significant margin in the
stresses, the bypass lines for loops 2 and 3 were qualified by
similarity with the loops 1 and 4 bypass lines.

Since the bypass lines are of small diameter and are anchored to the
main feedwater line on both ends, the most probable mode of failure
would be as a result of limited flexibility of the pipe to resist
anchor point movement. For that reason, the supports were modeled to
allow them to yield and/or "fail" as appropriate to relieve stresses
in the pipe due to relative displacement. As demonstrated by the
analysis, the approach is reasonable, as the maximum stresses were
maintained at a relatively low level, allowing the system to maintain
proper flexibility. Therefore, no support upgrades were necessary for
the bypass lines.

Piping - Wet Layup Lines

The loop 4 wet layup line is somewhat different from the other three
wet layup lines in that one branch of piping is not anchored close to
the safety-related boundary. An overlap area is included in the
analysis to provide a, boundacy for the model. Unlike the other three
loops, the boundary portion of the loop 4 wet layup line also supports
two heavy valves.

Because of the differences in boundaries and heavy components, two
supports (three restraint directions) in the line have been upgraded
to maintain the overlap boundary used in the analysis. Maintaining the
overlap boundary also essentially isolates it from the rest of the
nonsafety-related portion and makes it similar to the configuration of
the other wet layup lines. The loop 4 wet layup line maximum stress
was 44.4 ksi, which remains below the primary general membrane
allowable; therefore, pressure boundary integrity of the loop 4 wet
layup line was assured.
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The loop 1 wet layup line is well supported and anchored fairly close
to the safety-related portion of piping. As previously stated, besides
the flow control valves at the safety-related boundary, there are no
other heavy components in the loop 1 wet layup line. The maximum
stress was 29.7 ksi. Supports are modeled similar to the bypass lines;
no support upgrades were necessary.

The loops 2 and 3 wet layup lines are of simpler configuration than
loops 1 and 4, in that, they have one branch of piping rather than two
and no heavy valves in the nonsafety-related piping. They are also
well supported, anchored farther away from the safety-related portion
of piping than loop 1, and are subjected to lower seismic loads (loops
2 and 3 are attached to the north steam valve room instead of the
Auxiliary Control Building. The north steam valve spectra are lower
than the Auxiliary Control Building spectra). Because of the large
margin in the maximum stress in the loop 1 wet layup line, lower
seismic loads for loops 2 and 3, and similarity of gross geometry
between the wet layup lines for loop 1 and loops 2 and 3, the loops 2
and 3 lines were qualified by similarity; no support upgrades were
necessary.

CONCLUSION

Analyses were performed for three of the four main feedwater lines and
for two of the four sets of bypass and wet layup lines. These analyses
are considered to be representative of the total population. All the
analyses considered the combined effects of operating, seismic, and
check valve slam loads. The explicit analyses, combined with the
planned modifications of selected supports, demonstrate that pressure
boundary integrity of the critical portions of the feedwater system are
maintained, with over 70 percent of the supports remaining functional
after the event.

Therefore, the feedwater system at Watts Bar is shown to retain
pressure boundary integrity tollowing a simulianeous seismic event and
check valve slam due to the feedwater header break.
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