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1.0 INTRODUCTION

The subject issue concerns a potential safety problem regarding seismic load
for heat, ventilation and air-conditioning (HVAC) duct supports in the
Auxiliary Control Building. This issue was raised by the staff during the
Integrated Design Inspection (IDI, see Inspection Report 92-201, dated
September 21, 1992). The floor response spectra, which reflect a seismic
load, exhibited secondary peaks beyond 33 Hz, mostly in the vertical
direction. These secondary peaks were found in many other floor response
spectra throughout the building. In evaluating the HVAC support design, the
applicant used zero period acceleration (ZPA) for the natural frequencies
larger than 33 Hz. It was noted that the secondary peaks, in terms of
acceleration, were several times higher than ZPA.

In a letter dated October 13, 1992, the applicant provided a justification for
the analysis. Additional information was provided in a letter dated
November 1, 1993 and a further clarification letter dated December 30, 1993.
The theoretical background applicable to the methodology for developing a
synthetic time history was discussed in Reference 4. The following is the
staff's evaluation of the issue.

2.0 EVALUATION

The Watt Bar HVAC supports are Category I structures, and are designed for an
earthquake load. Magnitude of the earthquake load is reflected in the floor
response spectra at the floor level where various HVAC supports are located.
Prior to calculation of the floor response spectra, the applicant developed
synthetic time-histories which envelope the site-specific ground response
spectra for Watts Bar plants. The applicant's methodology for developing a
synthetic time-history is based on an iterative process; adjustments are made
in the time-history until the calculated spectra reasonably match the target
spectra. The applicant stated that, as a result, and especially when using
four different damping values, the matching of spectra will not be perfect and
there will be some differences between the calculated and target spectra.
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For the Watts Bar application, after many iterations, the ground response
spectra from the synthetic vertical time-history exhibited secondary peaks at
about 48 Hz. As stated previously, the floor response spectra also exhibited
secondary peaks at the same frequency, indicating that the secondary peaks in
the floor response spectra are reflections of the secondary peaks in the
ground response spectra. The staff observed the anomaly in the floor response
spectra while reviewing TVA calculation WCG-1-1238, which documented
engineering evaluation of the HVAC duct supports located at Elevation 729 feet
of the Auxiliary Control Building. There are approximately 55 supports in the
building. The magnitude of the secondary peaks were about three times the ZPA
value.

In response to the staff's questions, the applicant provided the following
justifications. Real earthquakes do not have significant energy at higher
frequencies (Reference 1). Therefore, there will not be any amplification
through the structure, and thus the floor response spectra will be flat beyond
the cutoff frequency of 33 Hz. Considering the real time-histories and
spectra obtained from these records, the amplification in the vertical spectra
at 48-50 Hz for the Watts Bar Auxiliary Control Building is an artificial
issue and does not reflect any real phenomena. The applicant further stated
that the decision to use the synthetic time-histories that were developed as
described above was for expediency. Moreover, the applicant stated that
matching of the response spectra generated from the synthetic acceleration
time-histories with the target response spectra below 33 Hz frequency was
rather remarkable at four different damping values.

However, the applicant did not provide any concrete demonstration as to what
significance the existence of the secondary peaks may have in influencing the
spectral value at lower frequencies. For example, it was not clear, if one
were to generate an artificial time-history which does not contain a secondary
peak, there is a possibility that it may alter some characteristics of the
response spectra, both at the upper level and ground level, in terms of
accelerations and energy contents. In order to resolve this question, the
staff requested additional information (RAI, dated June 10, 1993).

In response to the RAI, the applicant performed additional calculations to
resolve the issue and submitted the results to the staff for a review
(Reference 2). In the new calculations, high frequency above 33 Hz in the
synthetic time-history was filtered out and, as a result, the secondary peaks
have been eliminated. The results showed a slight increase in response
spectra in the range between 20 to 30 Hz. However, the amount of increase is
considered insignificant. This demonstrated that the excess energy beyond
33 Hz in the original vertical time-history can be removed without
significantly affecting the frequencies and energy contents below 33 Hz. A
comparison of the response spectra from the new time-history with those from
the original time-history which contained secondary peaks showed that they are
very close, indicating that the two time-histories are essentially identical.
Based on this comparison, one can conclude, as the applicant did, that the
original time-history was able to represent the Watts Bar site ground motion
in a satisfactory manner.
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In response to further inquiry by the staff and to support a more detailed
review of the issue, the applicant provided additional information
(Reference 3). The applicant explained that two computer programs, FILTER and
SYNQKE-R, were used in generating the synthetic time-history. The applicant
further stated that these computer programs were developed by Dr. Wen Tseng
and Dr. Kiat Lilhanand of International Civil Engineering Consultants (ICEC),
consultants to TVA for this project. They also developed similar programs
while they were employed by BECHTEL. First, the vertical time history is
filtered using FILTER to eliminate high frequencies beyond 33 Hz. Since there
exists a potential that the filtering process can also affect the frequency
content below 33 Hz, the second step involved using SYNQKE-R to compensate for
the perturbations by readjusting the frequency content of the filtered time-
history below 33 Hz. This adjustment step ensured that response spectra of
the modified time-history will closely match the target spectra.

The staff was informed that the technical paper authored by Drs. Tseng and
Lilhanand (Reference 4) describes the theoretical basis for the computer code
SYNQKE-R. At TVA's Rockville, Maryland office, the staff examined the User's
Theoretical and Validation Manual for SYNQKE-R (a proprietary code),
Version 1.0, dated November 1, 1992. The staff confirmed that the theoretical
manual closely reflected the theory discussed in Reference 4. There were
three validations performed in the document and the results were presented in
the form of several figures. Constructed response spectra and target response
spectra were shown to be in good agreement.

The staff requested a clarification of Equation 1 in Reference 4, which
relates a ground acceleration to a response spectra through an integral of a
kernel and a ground acceleration. The staff was concerned that the left-hand
side of the equal sign of Equation 1 was a number (scalar) and the right-hand
side of the equation was a function which depends on time.- The applicant's
consultant provided a clarification stating that, in spite of a misleading
expression of Equation 1 in Reference 4, the ICEC theoretical manual correctly
represents the transformation intended in Equation 1. This implies that, in
the actual coding of the equation, a maximum value of the function was chosen
from Equation 1 and the value so chosen was assigned as a value for the
spectra, thus, equating a number to another. Therefore the final results
were judged to be acceptable.

Finally, the applicant demonstrated that the new artificial time-history was
in full agreement with the provisions specified in Section 3.7 of the Standard
Review Plan (SRP), namely, statistical independence among the three earthquake
components and the criteria for matching of the power spectral density
function (PSDF). The applicant stated that Watts Bar Calculation WCG-1-342,
"Generation of Time History Compatible with Site Specific Response Spectra,"
has been revised to incorporate the supplemental calculation prepared by ICEC.
Calculation WCG-1-342 provides input values to Calculation WCG-1-1238.

It should be noted that the unmodified, original time-histories also satisfy
the above noted SRP provisions. Evaluation of the new time-histories
demonstrated that the use of the original time-histories and, hence, the
calculations presented in WCG-1-1238 were correct.
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3.0 CONCLUSION

On the basis of staff's review and evaluation of the information provided by
the applicant, the staff concludes that the applicant's methodology used to
estimate seismic loads for the Watts Bar HVAC duct supports expressed in terms
of response spectra is reasonable and consistent with applicable staff
guidance documents such as the SRP, and industry seismic analysis practice.
The issue of secondary peak in the floor response spectra has thus been
satisfactorily resolved.
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