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Washington Public Power Supply System
P.0.Box968 3000 George WashingtonWay Richland, Washington 99352. (509)372-5000

Docket No. 50-397

March 15, 1982
602-82-324

Mr. A. Schwencer, Chief

Licensing Branch No. 2

Division of Licensing

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Schwencer:

Subject: NUCLEAR PROJECT NO. 2
DESYNCHRONIZATION METHODOLOGY
IN CHUGGING LOAD SPECIFICATION

On February 9, 1982, the Mark II Owners met with the NRC staff and consul-
tants to discuss the issue raised by Professor George Bienkowski of Brook-
haven National Laboratory, regarding the desynchronization methodology uti-
lized in the generic and plant unique chugging load specifications. Studies
by Professor Bienkowski have concluded that the frequency content of the
chugging load is sensitive to the specific set of chug start times used in
the load specification, and that the potential non-conservatisms associated
with this effect are more pronounced in the asymmetric load case than in the
symmetric load case. Professor Bienkowski concluded further that the desyn-
chronization methodology used for UNP-2 is more conservative than that used
by the other Mark II plants, due to the grouping of three vents together for
assignment of chug start times.
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Mr. A. Schwencer
Page Two

March 15, 1982
G02-82-324

At the February 9th meeting, studies performed by Burns and Roe for the

WNP-2 plant were presented, which concluded that structural responses out-
side the wetwell due to the asymmetric load case are not significant, and
‘that sufficient margin exists in the WNP-2 chugging load definition to ac-
commodate the concerns raised by Professor Bienkowski. Following that pre-
sentation, the NRC indicated this issue was resolved for WNP-2, but requested
that the results of Burns and Roe's evaluation be documented in report form
and formgl]y submitted to the NRC. The attachment provides the information
requested. '

Very truly yours,

AN Bau

G. D. Bouchey
Deputy Director, Safety and Security

EAF:kjf

Attachment: "Review of Professor Bienkowski's Concern Regarding Effects
of Desynchronization on the Chugging Load .Specification Used
for WPPSS - Nuclear Project No. 2"

cc: R. Auluck

- NRC w/att.
WS Chin - BPA
F. Eltawila - NRC w/att.
- NRC Site

R. Feil
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REVIEW OF PROF. BIENKOWSKI'S CONCERN REGARDING

EFFECTS OF DESYNCHRONIZATION ON

THE CHUGGING LOAD SPECIFIChTION USED

FOR WPPSS - NUCLEAR PROJECT NO. 2
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The chugging load specification developed by Burns -and
Roe, Inc. for WPPSS - Nuclear Project No. 2 (WNP-#2)l consists
of: :

- a single-vent design "source! load, and " .

- a spatial distribution of "source" loads in a multi-
vent Mark II containment geometry, including
desynchronization between individual vent loads.

As illustrated in Figure 1, the single-vent deszgn

"source" load bounds the test data by a good margin since,
as originally developed, the design load was to envelope
the entire 4TCO test data base?; it was later concluded
that, in view of the random nature of chugging, it is more
realistic yet still adequate to bound the data base in a
"statistical" sense onlyl'

The spatial distributions prescribed for WNP-#2 (a
nearly symmetrlcal load case and an asymmetrlc load case)l
conservatively paralleled the Mark II generic load cases
(symmetric and asymmetric)3 and the desynchronlzatlon
between individual vent loads specified in the generlc
chugging load definition3 was retained for WNP-#2l in order
to maintain uniformity in methodologies: generic vs WNP-£2.
Design "source" loads are to be applied desynchronized at
individual vent exits usmng a set of chug start times having
the smallest variance in one thousand Monte Carlo trials
drawn from a uniform distribution of start times having a
width of 50 milliseconds.

Prof. Bienkowski, as consultant to the NRC, has reviewed
the effects of desynchronization on the chugging load;
specifically he evaluated the sensitivity. of the frequency
content of the load to the selection of a single set of start
times recommended by the load specification.

Starting, on the basis of "physical" intuition (actually
rather historical precedence and practical considerations),
with the vertical force and overturning moment acting on the
suppression pool bottom as parameters that adequately describe
the "major" structural excitations and using the results of
calculations based, by necessity, -on simplifying assumptions,
Prof. Bienkowski reached the tentative conclusion that the
desynchronization speczflcatlon may result in frequency "holes"
at some frequencies, mainly in the 20 Hz to 50 Hz range. It
thus appears that the present chugging load specification may
be deficient in this frequency range.
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‘Burns and Roe, Inc. has reviewed Prof. Bienkowski's
concern and in what follows, our findings and conclusions are
summarized.

A. -The total force (incident pressure or "rigid wall" load)
applied over the containment wall wetted perimeter was found
to control the structural responses of WNP-%#2 reactor build-
ing. since, in the case of hydrodynamic pressures, the
vertical force is a representative measure of the total force
acting over the containment wall wetted perimeter, it may be
viewed as a parameter critical for assessment of chugging
load specification (desynchronization effects). .

The total overturning moment on the other hand was found
not'to correspond to a "major" component of the structural
response of WNP-#2 reactor building and thus, it cannot be
viewed as a representative (or critical) parameter when
assessing the chugging load specification. Indeed, the rock-
ing of the WNP-#2 reactor building under chugging loads was
found to be negligible. The analytical proof has been
developed as described below. The wetted boundary of the
WNP-%#2 suppression pool was assumed acted upon by an incident
pressure ("rigid wall" load) distributed circumferentially
according to eq. (1):

rpohgzocos (24 for 0 ¢ z & zy 5 Rl £r& R2' H

P =9 i ‘ (1)
* ) 4 > [
| Pgecos 8 | for z, £z £z, ; Ry $r& R, i

thus simulating a "pure"overturning moment loading condition
(for geometric notations see Figure 2). ‘The load was assumed
harmonic with the forcing frequency in the range of 0 to 60 hz
varying in increments of 1 Hz. The maximum structural response
accelerations calculated at different locations and correspond-
ing to a peak pressure po = 1 psi are displayed in Figure 2.

As may be seen from Figure 2, the calculated structural
responses indicate that rocking of the reactor building: under
the assumed "pure" overturning moment loading conditions is
negligible and that responses of ‘significance are computed

only on the containment wall in the wetwell (loaded) area.

Even on the basis of the unrealistically conservative assumption
that the maximum calculated "rigid wall" load for WNP-#2 of
30.8 psi peak pressure (see Table 5-2 of Reference 1) is har-
monic with a frequency anywhere in the range of 0 to 60 Hz and
distributed according to eq. (1), the resulting maximum reactor
building structural response accelerations would still be very
small outside the primary containment wetted boundary.
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This analytical finding should not come as a surprise;
indeed, onh physical grounds, significant structural responses
are expected at, or in the immediate vicinity of, the applied
load; furthermore, with the load applied near the foundation
mat of a large and heavy structure with the geometry and
inertial and stiffness properties of the WNP-#2 reactor build-
ing the soil-structure interaction modes (rocking and transla-
tional) are not likely to be exited to any significant degree.
On the contrary, under seismic excitation, the WNP-%#2 reactor
building would respond largely in the soil-structure inter-
action modes, i.e., rocking and translating about the founda-
tion material.

It is noteworthy to mention here the responses recorded
during SRV tests performed at CAORSO (Italy), a BWR plant with
a concrete containment of Mark II configuration. Single valve
actuations resulted in maximum peak pressures on the suppression
pool boundary of the order of 9 psi at one end and almost nil
at the diametrically opposite end, thus simulating an over-
turning moment loading on the building's base mat. . Under this.
loading condition the reactor building response accelerations
were very small; as reported in Table 8.1 of Reference 4 a
representative sensor (AMN Sensor A'06 y) recorded a maximum
building acceleration of .007g. Similar results were reported4
from SRV tests performed at Tokai 2 (Japan).

It is concluded, on the basis of all the above, that the
vertical force may be viewed as a parameter critical for
assessment of chugging loads, but not the overturning moment.

B. As discussed earlier in this letter-report the single-
vent design "source!" loads derived for application to WNP-£2
enveloped the. 4TCO test data base by a good margin (see

Figure l1). When this conservatism in design loads is duly
accounted for, the desynchronization methodology used with

the chugging load definition is shown to be adequate. 1Indeed,
Figure 3 shows a comparison, frequency by frequency, for WNP-£2
vertical force in terms of the ratio = (PSD for-desynchronized
application/PSD for synchronized application) between:

a) required design values (or "érue" bound of 1006
Monte Carlo trials) estimated by Prof. Bienkowski,

b) (three) possible design outcome values (Prof.
.Bienkowski's estimates), and

c) the same (three) éossible design outcome values
- adjusted to account for conservatism in single-vent
design "source" load definition.




The adjusted possible design outcome values were simply
obtained by multiplying the possible design outcome values
estimated by Prof. Bienkowski with a factor representing the
conservatism embedded in the single-vent design "source"
load definition and obtained as the ratio between'the "design
spectrum”* and the "required average spectrum"** of Figure 1,
at each frequency.

As seen from Figure 3, when adjusted for conservatism in
the design load definition, the possible design outcome values
envelope by a good margin the required design values.

It should be noted here that the comparisons of Figure 3
are only estimates since the analytical procedures implemented
on WNP-#2 (including software package) were not available to
Prof. Bienkowski for use. It is believed that if these
analytical procedures were to be used the comparison will be
even more £favorable.

It is therefore concluded that the present chugging load
specification (including desynchronization) is adequate.

c. The multi-vent full scale test  facility most representa-
tive of the Mark II suppression pool geometry is JAERI's

seven vent tank. The NRC staff has previously requested to
apply the WNP-#2 chugging load specification to the JAERI test
facility and to compare the pressures calculated on its
boundary with those recorded during the JAERI chugging tests.
A number of chugging tests were already completed in this
facility and some of the recorded data already processed,
including data from_Test 0002 during which some of the largest
chugs were recorded-.

If the chugging load specification derived for WNP-£2
(including desynchronization) is applied to the JAERI tank
the "rigid wall" pressures calculated on its walls at the vent
exits elevation bound, and by a significant margin, the

* The "design spectrum" is the envelope (in terms of Fourier

amplitude spectra) of the 4TCO bottom center pressure

time histories obtained when the design "source" loads are

applied at vent exit over the steam water interface.l

*% The "required average spectrum" is the .envelope (in terms
of Fourier amplitude spectra) of all the "average" or
"mean" chugs obtained for the time windows for which 4TCO

chugging data were supplied. An "average" or "mean" chug

was obtained by averaging (in terms of Fourier amplitude
spectra) each strongest ("key") chug with the largest
neighboring ("companion") chug for each time window of
data supplied.
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recorded test data. This is illustrated in Figure 4. The -
JAERI test data represents the envelope of the eight largest
chugs from Test 0002, The envelope is obtained as described
in Reference 3, with the exception that the spatlally averaged
pressure hlstory was computed only from four wall'sensors
located .on the concrete walls of the tank: WWPF-202, 302,
602 and 702 instead of the six wall sensors avallable
(WWPF~-202 to 702) used in the Reference 3 comparison. The
result thus obtained is more representative of the incident
pressure (or "rigid wall" load) and, therefore, comparable
with the incident pressure predicted/calculatéd using the
WNP-£2 chugging load specification.

Comparative examination of the results plotted in
Figure 4 leads to the conclusion that the present chugging
load specification (including desynchronization) of WNP-%2
is adequate. .
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1.

"Chugging Loads - Revised Definition and 'Application
Methodology for Mark II Containments (Based on 4TCO
Test Results)," Technical Report prepared by Burns and
Roe, Inc. for application to Washington Public Power
Supply System, Nuclear Progect No. 2, dated July 21,
1981. ‘ .

"Pransmittal of Computer Tapes Containing 4TCO Test
Data," General Electric Company letter MKII-1814-E
(including. the two referenced letters dated 1/2/80 and
4/29/80) to Mark II Consultants, dated July 15 1980.

"Generic Chugg;ng Load Definition Report,” General
Electric Conmpany Document NEDE-24302-P, dated..April 1981.

"SRV Loads - Improved Definition and Application
Methodology for Mark II Containments," Technical Report
prepared by Burns and Roe, Inc. for application to
Washington Public Power Supply System, Nuclear Pro:ect
No. 2, dated July 29, 1980.
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