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RESPONSE TO NRC CONCERNS REGARDING THE SSES
CHUGGING LOAD SPECIFICATION

This submittal responds toc a request from the NRC staff (Reference 1) to docu-
ment arguments demonstrating the adequacy of the SSES chugging locad specifica-

tion.

Essentially all of the information contained in this document was

presented at a meeting held in San Jose, California on April 8, 1982 between
representatives of the Mark II Owners Group, SSES personnel and members of
the NRC staff.

Reference 1 specifies two elements required to address the staff's concerns:

1.

Formally document the material which was used to conclude that
the asymmetric chugging load specification is not a major con-
tributor to the structural response. Although not specifically
discussed during the meeting, the response should address the
validity of the rationale over the entire frequency range of
interest (0 to 50 Hz).

Extend the JAERI comparisons to 20 different sets of start times

to be generated in the same manner as outlined in the generic
methodology. For each set of start times evaluate the response

of applying the chugging sources to the JAERI facility and develop
an envelope of the minimum of the twenty trials. Comparison of
that envelope to experimental data obtained from JAERI would then
be provided. If frequency "poke through" exists, justification
would be provided as to why the current specification is adequate."”

The following provides the proposed DAR write-up for PP&L's response to Dr.
Bienkowski's concern described above. We expect to formally submit the subject
response on June 8, 1982,
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CONTRIBUTION OF THE ASYMMETRIC CHUGGING LOAD
SPECIFICATION TO PLANT STRUCTURAL RESPONSE

COMMENTS ON THE ASYMMETRIC CHUGGING LOAD CASE

This section provides comments on the effect of vent start times on
the asymmetric pool wall loads generated during chugging. As with
symmetric loads, a unique vent start time set (STS) will produce a
unique asymmetric pool response. However, analysis of the complete
pool transfer function shows that the primary asymmetric pool re-
sponse in terms of a net "overturning" moment is generated only by
the first asymmetric mode in the frequency range between 15-100 Hz.
No other asymmetric modes produce a net overturning moment.

Figure 1-1 shows a schematic of the first asymmetric mode in the
SSES pool geometry. The mode shape for the pressure generated by
a sing.e vent is a ~osine function, therefore, the "area of influ-
ence" for that vent is quite large. Due to the "large area of
influence", considerable overlapping occurs between adjacent vents.

Further, for the first asymmetric mode, pressure variation in the
radial direction is small. This means that vents located on a given
radial ray but at different radii have roughly the same effective
"moment arm".

Finally, in a multivent geometry where events are randomly desyn-
chronized (such as in the SSES case), the asymmetric mode is not
stationary in space. It rotates; hence there is no fixed axis in
time about which the asymmetric mode produces a full amplitude
"overturning moment".

Due to these consideratcions, the effect of a selecteu STS on the
“"overturning moment" is much less than that predicted by simple
analyses where the "area of influence" is taken to be a small area
under each vent and the moment arm as the orthogonal distance be-
tween the vent and a fixed axis in time. It is expecred, therefore,
that in reality, the effect of vent start times on the asymmetric
pool responses will be no more severe than those for the symmetric
response.
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GENERIC POSITION ON WNP-2 SUBMITTAL

The Mark II utilities and their respective A/Es have reviewed Part A
of the WNP-2 report (Reference 2) and compared it with their own
containment analyses. All utilities have concluded that Mark II
plants exhibit overall characteristics and trends similar to those
identified in the report:

o There is no evidence that the Mark II containments
"rock" due to hydrodynamic loads.

o In a concrete containment, the plant response to
chugging loads decreases as one moves away from the
wetwell in the primary containment. Once outside
the primary containment, the response is signifi-
cantly reduced.

wWhen reviewing separate responses for the symmetric and asymmetric
chugging load, very little difference is observed. This result has
been confirmed on the WNP-2 plant with a subsequent submittal to
the NRC. (Reference 3).

As an additional example of the structural response, this time for

the SSES concrete containment, selected accelerating response spectra
(ARS) curves generated with our chugging load definition are presented
in Figures 1-3 through 1-10. Each figure compares the ARS curves for
the symmetric and asymmetric at the node points in the ANSYS model
identified in Figure 1-2. For most containment locations, the sym-
metric and asymmetric ARS curves ‘are quite similar in both fregquency
content and amplitude. Also, observe the decrease in amplitude of

the responses at increasing elevation above the containment basemat.
The curves represent the envelop of all design sources.

However, in some containment locations, at certain frequencies the
symmetric ARS curves exceed the asymmetric ARS curves, and vice versa,
by more than 10%. Our explanation is as follows:

o Figures 1-3 to 1-6: These figures show the responses
in the vertical direction at elevations above the
diaphragm slab. These figures indicate that the sym-
metric response always exceeds the asymmetric, and at
some frequencies by more than 10%. This is expected,
since the symmetric source distribution was specified
to maximize the vertical pressures on the containment
basemat. These pressures would excite the vertical
modes of the containment in a more significant manner,
than the asymmetric case. This is especially true in
the low frequencies, where desynchronization does not
significantly effect the pressure response, and the
symmetric source distribution leads to a greater source
strength than the asymmetric load case. This greater
source strength in low frequencies, also excites the
higher frequencies as explained in the JAERI PRS
comparison (Subsection 2.3.2).






SCHEMATIC OF THE FIRST ASYMMETRIC POOL

" MODE
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Finally, minimum PSD envelopes for the 20 minimum variance STS
were constructed at the 1.8 meter and 3.6 meter elevations; mini-
mum PRS envelope was constructed at the 1.8 meter elevation.

These minimum PSD and PRS envelopes were then compared with the
corresponding maximum envelopes of the eight largest chugs for
JAERI test 0002. Note that the PRSs for the JAERI data were ob-
tained by digitizing the JAERI pressure time histories to produce
the respective PRSs. The comparison and conclusions are present=d
in the next section.

Before pro-eeding to discuss results, several important points
require further clarification. First, the SSES/GKM II-M Sources
used in the JAERI acoustic model to calculate the JAERI pool wall
pressure time histories used the same scnic speed as that given
in the SSES Chugging load definition report. That is, the sonic
speeds derived for the GKM II-M test facility were used with each
of the SSES/GKM II-M sources. The sonic speeds for the SSES/GKM
1I-M ranges between 66lm/sec and 449 m/sec.

The sonic speeds in flexible wall facilities are related to the
equivalent rigid wall sonic speeds by the following relation:

C = co<1+oc026)'*

where p is the water density, C is the flexikle wall sonic speed,
Co is the rigid wall sonic speed and § is volume distensibility*.
Figure 2-1 shows the relationships between the rigid wall sonic
speeds and flexible wall sonic speeds for GKM II-M and JAERI facil-
ities.

Ideally, the GKM II-M "rigid wall" sonic speeds would be obtained
first by using the above relation. The rigid wall sonic speeds
would then be corrected to obtain the equivalent flexible wall
sonic speeds for JAERI. These corrected sonic speeds would then
be used with the corresponding sources in the JAERI acoustic
model for predicting the JAERI wall pressures. However, this
procedure was not used because the differences between the GKM II
-M flexible wall sonic speeds and the corresponding JAERI flexi-
ble wall sonic speeds is less than 7% over the range of sonic
speeds (661 m/sec to 449 m/sec) for the SSES/GKM II-M sources.**
This small difference did not warrant the added computational
complexity and hence the GKM II-M sonic speeds were used in the
JAERI wall pressure computations.

* § =139.90 x 10.12 m/n2 for GKM II-M facility.

§ = 497.38 x 10" 12 m/n° for JAERI facility.

** This is because most of the "flexibility" comes from the air in
the pool rather than from the structural flexibility.



2.3

The second point that needs to be clarified is with respect to
the damping values used in the calculation of the PRSs. The PRSs
were calculated using 4% and 7% damping. These are the damping
values described in USAEC Reg. Cuide 1.6l for reinforced con-
crete containments.

The final point is regarding the amplitude factors used with the
sources. The SSES Chugging Loads methodology calls for multiply-
ing the SSES/GKM II-M sources by an amplitude factor to achieve
an exceedance probability of 105, For the 87 vent SSES contain-
ment geometry, an amplitude factor of 1.3 is derived.

Since the objective of the comparisons presented here is to compare
the results of applying the SSES Chugging Loads Methodology in
JAERI with the actual JAERI data, one must compute the amplitude
factor appropriate for the seven vent JAERI geometry. The ampli-
tude factor for the JAERI seven vent geometry is 1.95 to obtain an
exceedance probability of 10 ~ used for the SSES plant evaluations.
The comparisons presented in the next subsection are made using

the amplitude factor of 1.3 corresponding to that used for the SSES
Chugging Loads evaluations as well as the amplitude factor of 1.95
which is the correct one for application of the SSES Chugging Loads
Methodology in the JAERI facility.

RESULTS AND DISCUSSION

As described in the previous Subsectioh, two types of comparisons
were performed--one on a PSD basis and one on a PRS basis. The PSD
comparisons are presented in Subsection 2.3.1 followed by thé PRS
comparisons in Subsection 2.3.2.

2.3.1 PSD Comparisons

Figure 2-2 shows the comparison of the minimum envelope
of 20 minimum variance STSs with the JAERI data at the
1.8 meter elevacion. The amplitude factor used here was
that for the SSES containment and equal to 1.3. From
this figure it is seen that the minimum envelope of the
20 minimum variance STSs bounds the JAERI data by a
substantial margin .* frequencies below about 40 Hz.
Above 40 Hz, the signal levels are quite small and so
from this linear plot it is difficult to make many com-
parisons. Therefore, the same data plotted on log
scale are shown in Figqure 2-3. From this figure it

is seen that the minimum envelope drops below the maxi-
mum JAERI data envelope by a small amount in the
frequency range between 40 and 80 Hz.

Figure 2-4 shows the comparison of the minimum envelope
of 20 minimum variance STSs with the maximum JAERI data
envelope at the 3.6 meter elevation. From this linear
plot, it is again seen that the minimum envel 'pe of

the 20 minimum variance STSs bounds the JAER1 data
envelope by substantial margins and both the JAERI data
envelope as well as the 20 minimum variance STSs en-



velope drop to very low levels beyond 30 Hz. Figure
2- 5 ghows the same data plotted on a log scale, and
it is seen that in the frequency range between 40 and
60 Hz, the JAERI data envelope “pokes through" the
minimum envelope by small amounts.

As mentioned earlier irn Section 2.2, the appropriate
amplitude factor for the seven vent JAERI geometry is
1.95. Comparisons are now made using the 1.95 ampli-
tude factor. Figure 2-6 shows the compariscn of the
minimum enve .pe of 20 minimum variance STSs with the
maximum JAER data envelope at the 1.8 meter elevation.
It is seen that with this amplitude factor of 1.95,

the minimum variance envelope bounds the JAERI data

by substantial margins everywhere except for scme small
"poke throughs" in the frequency range between 45 and
80 Hz. Figure 2-7 shows a similar comparison at the
3.6 meter elevation and at this elevation, the minimum
envelope of the 20 minimum variance STSs bounds the
JAERI data at all frequencies.

From the comparisons presented above, the following
con~lusions can be drawn:

1. Using an amplitude factor of 1.3 (the SSES
value), the minimum envelope of 20 minimum
variance trials bounds the maximum envelcpe
of JAERI data except for small "poke throughs"
between approximately 40 and 80 Hz.

2. Using an amplitude factor of 1.95 which is
the correct factor for the seven vent JAERI
geometry, the minimum envelope of the 20 min-
imum variance trials bounds the maximum
envelope of JAERI data everywhere at the 3.6
meter elevation and there are very small
"poke throughs" between 40 and 80 Hz at
the 1.8 meter elevation.

2:3.2 Pressure Response Spectra Comparisons

Comparisons on PRS basis are more appropriate than
PSD comparisons in evaluating the effect of a given
pressure time history on a multi-modal structure such
as the SSES containment. This is because the re-
sponse of the multi-modal structure at a given modal
frequency is the sum of the resonant response to
forcing function amplitude at the modal resonant
frequency plus the static or forced response due to
forcing function amplitudes at other frequencies.

A PSD only shows the component of the forcing func-
tion at a given frequency and therefore, does not
provide insight into the static or forced response
of the structure. A PRS on the other hand takes
into account both the resonant and the static or
forced response and hence provides a more accurate
picture of the response of a multi-modal system.



The comparison of the minimum PRS envelope for the 20 minimum
variance STSs with the maximum PRS envelope of the JAERI

data at the 1.8 meter elevation is shown in figure 2-8. For
the PRSs shown in this figure, the SSES amplitude factor of

1.3 was used with a damping value 4%. It is clear from this
figure that the minimum envelope of the 20 minimum variance
STSs bounds the maximum PRE envelope of the JAERI data through-
out the frequency range between 0-100 Hz. Figure 2-9 shows

the PRS comparisons fdr an amplitude of 1.25, and a 4% damping.
Again this figure shows that the minimum envelope of the 20
minimum variance trials bounds the maximum JAERI data enve-
lope by significant margins across the entire frequency

range.

Finally, Figures 2-10 and 2-11 show the PRS envelope compari-
sons for the 7% damping case with amplitude factors of 1.3 and
1.95 respectively. From these figures it is again seen that
the minimum PRS envelope of the 20 minimum variance STSs bounds
the maximum JAERI data PRS envelcope by a substantial margin
throughout the frequency range.

From the comparisons presented above, it can be concluded that
due to the large conservatisms in the strength of the SSES/

GKM Ii-M Sources, the response produced by the minimum variance
STSs will produce conservative plant responses in spite of the
"frequency holes" created by a particular STS selection. There-
fore, the SSES/GKM II-M Chugging Loads Methodology is adequate.
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Figure 2-10.
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Figure .77, COMPARISON OF THE MINIMUM PRS ENVELOPE FOR THE
20 MIN. VAR. STS TRIALS WITH THE MAXIMUM PRS
ENVELOPE OF THFE JAERI DATA--AMPLITUDE FACTOR 1.:!5,
DAMPING 7%.




