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Summa;z

Tests were conducted duriﬂé 1975/76 by General Electric
Company (GE) in their 4T test facility for the domestic Mark
IT utilities for the purpose of evaluating the containment
pool dynamic effects resulting from a postulated loss-of-

coolant accident (LOCA). Based on chugging data recorded

during these tests, an empirical load definition was deve-~.

loped. This load definition was based on direct application
of pressure traces measured on the boundary of the 4T test
facility to the wétted perimeter of Mark II containments and,
as a result, could not éccount fbé differences between the 4T
test facility éﬁd the Mark II containments with respeét to
vent length (vent acoustics), suppression. pool geometry (pool
acoustics) and flexibility of suppression pool structural
boundaries. In order to account for these differences, it

became necessary to develop a chugging load definition at the

"source" (i.e., at vent exit).

Such an improved- chugging load definition was developed

together with the application methodology for Mark II contain-"

ments fqp spgcific application to Washington Public Power
Supply’ System - Nuclear Project No. 2 (WNP-2). This defini-
tion was based on conclusions reached after evaluation of
tests conducted to assess effects of steaﬁ~condensation pheno—
mena in Mark II type (over/under)l pressure suppression

systems. 7TIwo main conclusions from these tests were:

-

[ e




'l"lllll‘l-l"ll'l




' ) N s M G G am @W R R MR K S AN aeg e s

a) chugging effects are mainly due to the sudden

(impulsive) collapse of the steam-water interface
which occurs near the vent exit during the chugging
regime and, in view of this, chugging could be repre-

sented by an impulsive load applied there; and,

~b) bulk fluid motions during chugging being relatively
small, a 1linear formulation (small displacements/
velocities) is adequate for predicting the dynamic
pressures induced in the far field (away from vent
exit) and the dynamic response of the pool boundary

’

structures.

A single vent design load specification was derived to
bound, statistically, the 4T test data supplied by GE as
gepresentative of Mark II conditions during LOCA. The appli-
cation methodology for WNP-2 containment was also developed,
groperly accéunting for all important plant specific
parameters: length of downcomer vents (vent acoustics), 3-D
multi-vent suppression pool geometry with a sloped. bottom
(pool acoustics) and the flexibility of the suppression pool

structural boundary.

Two loading conditions were developed for, and considered
in the design of, the multi-vent configuration of WNP-2: a

nearly symmetrical loading and an asymmetric loading.
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Additional <condensation tests were performed during
1979-1980 by GE for the U.S. Mark II Owners Group, in a
modified configuration of the 4T test facility, known as the.
"4TCO" test facility. Selected and' conservatively represen-
tative (most severe) 4TCO chugging data supplied by GE were

evaluated/analyzed with the objectives:

a) to examine in light of the 4TCO data, the adequacy of

the existing improved chugging load definition; and,

b) to revise, where necessary, this (improved) 1load
definition and the application methodology for the

Mark II containment of WNP-2.

Analysis of the 4TCO chugging data, as well as of the
chugging data which became available from other tests during

the same time period, resulted in the following main findings:

a) the impulsive nature of chugging (sudden collapse of

the steam-water interface) was confirmed;

b) it was determined that the 4TCO data included some
stronger/larger amplitude <chugs which exhibited
characteristics (frequencf content, spatial dis-

tribution) different from those of the 4T chugs;

-

c) the random nature of chugging was confirmed;
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d)

the strength/amplitude of chugging, although random,
appeared to be dependent on system conditions, i.e.,

stronger chugs appeared to cluster within limited

. time windows corresponding to specific system con-

ditions.

As a consequence, the following revisions to the single

vent design load specification were implemented:

the ‘"source" 1load was defined as an impulsive
Pressure gradient (acceleration) applied over the
steam-water interface at vent exit; this resulted in
better matching of the characteristics exhibited by

the stronger 4TCO chugs;

to account for the random nature of the chug
strength/amplitude each strongeét ("key") chug was
averaged (in terms of Foufier amplitude spectrum)
with the largest neighboring ‘("companion") chug to
obtain an'"average" or "mean" chug for each time win-

dow for which 4TCO chugging data were supplied.

It is significant to note that the single vent design

"source" load developed for WNP-2 in fact envelopes the 4TCO
data at almost all locations of the 4TCO tank wetted boundary
and throughout the frequency range of interest; it also enve-

lopes the 47T data.
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The two loading conditions originally developed for WNP-2

were basically retained (a nearly symmetrical loading and an
asymmetric loading) in a manner compatible with the revised
single vent design load specification. In order to account

for physical realities observed dﬁring steam-condensation

tests in multi-vent configurations (JAERI, CREARE), vent-

desynchronization is specified for both these loading con-
ditions adopting the approach used in the Long Term Improved
Generic Chugging Load Definition developed by GE for Mark II
Owners Group, in a manner compatible with the two loading con-

ditions for WNP-2.

To verify the adequacy of chug strength averaging and of
vent desynchronization, the dynamic pressures calculated on
the wetted wetwell wall of WNP-2 were compared with wall
pressures recorded during large—amplitude chugs in the 7-vent
full scale tests conducted by the Jaéan Atomic Energy Research
Institute (JAERI) in a test facility representative of the
Mark II geometry. The calculated pressures were found to

bound the JAERI data.
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‘the 4T test data supplied as being representative of Mark II

1.0 Introduction and Background

The original chugging. load definition was devgloped
using cﬁugging data recorded during’the‘4T tests conducted by
General Electric Company (GE) for the domestic Mark II utili-
ties in the 4T (single:vent/unit cell) test facility during
late 1975 and early 1976, [1]. This load definition was based
on direct application of pressure’traces measured on the bouﬁ—
dary of the 4T test facility to the wetted perimeter of Mark
IT containments, [2]. It soon became apparent that this
method of application of 4T data to Mark II containments did
not account for differences between the 4T test facility and
the Mark II gontainments with respect to vent length (vent
acoustics), single vent versus multi-vent suppression pool
geometry and flexibility of suppression pool structural boun-
daries. 1In order to account for these differences, it became

necessary to develop a chugging 1load definition at the

=

. "source", i.e., at vent exits.

Because of schedule constraints, such an improved
chugging load definition was developed, together with the
application methodology to Mark IXI containments, for specific
apélication to Washington Public Power Supply System - Nuclear
Project No. 2 (WNP-2) during 1978/79, [3, 4]. A single vent

design load specification was derived to bound, statistically,
containment conditions expected during a postulated LOCA.
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The single vent design load was defined as a pressure

source‘at the vent exit and since its definition was indepen-
dent of the 4T test facility characteristics which were dif-
ferent from thoge of WNP-2 (vent 1length, suppression pool
geometry and f£flexibility of suppression pool structural
béund;ry) it was assumed to be directly transferable to vent
exits in the WNP-2 containment. Two loading conditions were
developed and considered in the design of WNP-2: a nearly
symmetrical loading and an asymmetric loading. The applica-
tion mephodolqu for WNP-2 containment accounted for the plant
specific parameters governing the response: length of down-
comer vents, 3-D multi-vent suppression pool geometry w%th a
sloped bottom, and the flexibility of suﬁpression pool struc-
tural boundary (steel containment, Fhe concrete pedestal and

the foundation mat).

In 1979-1980, additional condensation tests were per-
formed by GE for the U.S. Mark II Owners Group in a modified
configuration of the 4T test facility, known as the "4TCO"
test facility [S]. The original. 4T test facility included a
drywell located adjacent to the wetwell, a configuration which
required a vent with three bends and a total length of about

90 feet. 1In the 4TCO facility, the drywell vessel was mounted
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above the wetwell to represent 'the over/under pressure
suppression configuration with straight vertical vent,
approximately 45' 1long, representative of Mark II plants.
Although the 4TCO tests were planned and performed with the
objective of gathering test data to be used for confirmation
of the DFFR Condensation Oscillation (C.0.) load definition,
the data were recorded for the entire transient including
chugging, thus providing an additional data base for chugging

as well.‘

Selected chugging data obtained from regions af the
4TCO tests during which the most severe chuggiﬁg effects were
recorded were made availablehby General Electric Company as
being conservatively representative for Mark II plants during
the chugging regime. The 4TCO chugging data supplied, [6],
are evaluated and results and conclusions presented in this
report. The conclusions of this evaluation together with the
conclusions reached following the evaluation of multi-vent
test data by GE and presented in Reference 7 report (regarding
the random nature of chug strength and chug initiation time
from vent-to-vent during a pool <chug in a multi-vent

configuration) are used in this report:

(a) to examine in light of the 4TCO data, the ade-
quacy of the (improved) chugging load definition
developed previously, using 4T data, for applica-

tion to WNP-2 {3, 4], and



(b) to revise, where necessary, this (improved)

chugging load definition and the application

methodology for the Mark II containment of WNP-2.

The 4TCO chugging data supplied by General Electric
and the multi-vent tests evaluated by General Electric are

identified in Chapter 2.

The evaluation of 4TCO chugging data including the
analytical studies performéd in the process of data evaluation
and the characteristics of single vent 4TCO chugs derived from
data evaluation/analysis are described in Chapter 3. The eva-
luation shows that revision in the improved chugging 1load

definition is nécessary.

The revised single vent 1load definition and the
revised application methodology for the Mark II containment of
WNP-2 based on the ,conclusions reached following the eva~
luation of 4TCO test data (presented in Chapter 3) and on éhe
conclusions reached from' the evaluation of multi-vent test
data (presented by General Electric in Reference 7) are pre-

sented in Chapter 4.

The results of application of the revised chugging
load ’definition to the WNP-2 ©plant (i.e., reactor
building/containment structure responses) are presented in

Chapter 5.
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2.0 The New Chugging Data

2..1 The Single Vent 4TCO Test Data

The 4TCO test facility, test variables, test matrix,
test instrumentation and test results are described in detail
in Reference 5. The- test facility is shown in Figure 2-1.
The wetwell pressure transducer locations are shown in Figure

2"2‘

The pressure time histories recorded at the bottom
center (channel 28) were scanned by'General Electric Company
to identify significant chugs. Two hundred ninety-seven chugs
were identified (See Table 4-2 of Reference 7).* Table 2-1
provides a summary of the 4TCO chug data compiled from infor-

mation pro#ided by General Electric (8] in November 1980.

Table 2-1 identifies seven regions from six tests
which recorded the largest chugs (based on the bottom center

pressure (BCP) mean square power (msp) and peak over pressure

v

*Information from Reference 8 is provided in Tables 2-1 and
2-2 of this report for identification of chug numbers and
time window numbers used in this report and to establish
their correspondence with information subsequently published
in Reference 7.

-10-
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(POP)) of all 4TCO tests. General Electric Company selected 7
key chugs (one for each of the seven regions) because the
power ' spectral density (PSD) envelope of these chugs cloéely
approximated the PSD envelope of the entire sample of chugs
(7, 8]. Several chugs (called neighboring chugs) occurring
before or after each of the seven key chugs together with the
key chug define a region, or a time window making seven
regions ([8]. The region numbers and the number of chugs in
each region are also identified in Table 2-1.. A total of 35
chugs in seven regions or time windows were selected by
General Electric Company as the chugging data base [8]. The
4TCO chugging data base identification parameters are shown in

Table 2-2.

?he 4TCO bottom center pressure time histories for
the thirty-five .chugs were recorded on magnetic tapes at .4939
millisecond interval and supplied to Burns and Roe [?]. In
addition, the data from all the 28 replay channels from all
tests were digitized at 1 millisecond interval and supplied on
magnetic tapes to the -Mark II Owners Group ([6]. The data for
the 35 chugs of the chugging data base were obtained from

these tapes for the evaluation presented in Chapter 3.

2.2 Multi-vent Test Data

Multi-vent test data from two test programs (the

CREARE subscale tests and the JAERI full scale tests) have

-11-







recently become available. General Electrig Company has eva-

luated these multi-vent test data for the Mark II Owners Group

and has incorporated the significant findings of multi-vent

effects (the random nature of chug strength and chug ini-
tiation time from vept-to-vent during a pool chug in a multi-
vent configuration) in the Generic Chugging Load Definition
Report [7]. The results of these data evaluations and conclu-
sions reached will also be adopted for the chugging 'load defi-

nition for WNP-2..

-12~
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Neither the Burns and Roe, Inc. nor its affiliates or
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make any warranty or representation (expressed or implied)
with respect to the accuracy, completeness, or usefullness of
the information contained in this document,. or that the use of
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do they assume any reponsibility for liability or damage of
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. GENERAL ELECTRIC COMPANY

DISCLAIMER OF RESPONSIBILITY

This document contains proprietary information of General

Electric Company pursuant to contracts with certain utilities

owning plants utilizing Mark II Containments. Except as

otherwise provided in such contracts, the General Electric

Company does not:

Make any warranty or representation, expressed or
implied, with respectrto the accuracy, completeness,
or usefulness of the propriétary information con-
tained in this document, or that the use of any
proprietary information disclosed in this document

may not infringe privately owned rights;

" Assume any responsibility for liability or damage

which may result from the use of any proprietary

information disclosed in this document; or

Imply that a plant designed in accordance with the
proprietary information found in this document will
be licensed by the United States Nuclear Regulatory
Commission or that it will comply with Federal, State

or Local regulations.
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Key Chugs
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Summary of Characteristics of the 4TCO Chugs
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Neighboring Chugs and the Original 4T Chugs
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Analvtical Studies and Correlation with Test Data

Finite Element Model of the 4TCO System
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Response Sensitivity to Source Parameters . and

LCorrelation with Test Data
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Waveform Characteristics of Boundary Pressures

Pressure Source
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Acceleration/Pressure Gradient Source

Location of Acceleration Source
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Spatial Distribution of Boundary Pressures and qurelation with

Test Data
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Sensitivity of the Response FrequencieS‘t0~Cs, Cy,
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Damping in the 4TCO System (D , D )
S W
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4.2 summary Review of the (Improved) Chugging Load
Definition Based on 4T Test Data
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Revisions Reguired in the (Improved) Chugging Load

Definition to Account for the New Chugging Data

Revision in Source Impulse Based on 4TCO Data
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Revision in Source Strength Based on 4TCO and Multi-

vent Data
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Revision in Application Methodology for Mark II |,
Containments Based on Multi-vent Test Data

Required Average Spectrum

P
Single Vent Design Load Specification
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Design Impulsive Sources
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4.5 application of Single Vent Load Specification

to

Multl-vent Mark li Containments

4.5.1 Spatial Variation of Chug Strengths L .

Asymmetric Loading Case

Nearly Symmetric Loading Case
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Desynchronization of Chugs
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4.6 Summary of Comparative Review Between 'WNP-2' and

Mark II Generic Chugging Load Definitions

4.6.1 Computational Methodologies
'WNP-Z"Methodology

The .computation methodology used for the source
extraction from the 4TCO data and for its application to the

multi-vent WNP-2 containment are similar to those used in

Reference 3. Namely, a fully coupled model representing the

vent steam/suppression pool water/4TCO tank structure was used
for source extraction, thus resulting in an impulsive source
free of the test facility characteristics. Similarly, the

computational methodology for application of the "source”







design load to the multi-vent geometry of WNP-2 containment

utilized a fully coupled model which directly aécounted for
all important plant specific parameters: length of downcomer
vents (vent acoustics), 3-D multi-vent suppression pool
geometry with a sloped bottom (péol acoustics) and the flexi~

bility of the suppression pool structural boundaries.

Generic Methodology:

Subsequent to the development of the above methodo-
logy (31, General{ Electric Company presented an improved
chugging methodology (18] and more recently the generic
chugging load definition based on the 4TCO and multi-vent test
data [71]. Tﬂe methodology developed by GE ([18,7] is based on
principles which' are similar to those of the WNP-2 methodo-
logy.. It recognizes the impulsive nature of chugging,
acoustic nature of the steam response in the vent, acoustic
nature of the water response in the pool, and it recognizes
the need to address in the load definition the presence of
vent response characteritics and of the fluid-structure
interaction (FSI) effects. in the dynamic pressures measured in
the test facility. However, the computational methodologies
used for source extraction from test data and for its applica-
tion to the multi-vent Mark II containments are based on two
assumptions (18] knot required in the 'WNP-2' computation

methodology):
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(a) The vent is not acoustically coupled to the pool,

and

(b) The principal effect of the -fluid-structure
interaction (FSI) is to reduce the frequency of

the tank ringout.

With the above two assumptions, the hydrodynamic

model of the test facility used for source definition is

reduced to solving an acoustic wave equation in a flat bottom
axisymmetric rigid tank.  To account. for the vwvent par-

ticipation, vent harmonic (siner wave) response is added as a.

forcing function to the impulsive pressure source..

Prior to application of these sources to Mark II

plants two modifications are required to account for the dif-
ferences, if any, in the vent response characteristics and in
the FSI response characteristics between the test facility and

the Mark II plant as described in References 7 and 18.

The hydrodynamic model of the Mark II containment
used in calculating the chugging boundary pressures due to a
source consists of solution of the acoustic wave equation in a

rigid, £lat bottom annular tank.

4.6.2 WNP-2 Plant Unique Characteristics

-53=-
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There are two characteristics of the WNP-2 plant.
which are not in common with the other domestic Mark II

plants:

- - containment shell structure built of stiffened

steel plate,

- the sloped bottom pool geometry.

The evaluation of the 4TCO data presented .in Chapter

3 shows that the boundary pressure traces from key chugs con-

tain significant participation of the: FSI response. The

magnitude of its panticipaéion vary from chug to chug and is
dependent on the' system conditions. Since the WNP-2 contain-—
ment shell structure is built of sfeel (as is the 4TCO tank
wall), its response to impulsive chugging sources will include
significant participation of the PSI mode (as in the 4TCO
tank) which may be axisymmetric as well as non-axisymmetric..
To obtain realistic responses of the WNP-2 containment to
chugging loadé, it is essential to use the methodology which
directly accounts for the FSI effects of the test facility'in-
the source extraction methodology (thus resulting in sources
which are free of the test facility characteristics) ;nd which

directly accounts for the FSI ' effects (axisymmetric as well as

non-axisymmetric) in the containment response calculations.






As stated before, the generic methodology is appli-~

céble to a containment with a flat bottom pool geometry. Its
use for WNP—-2 containment would require idealization of the
sloped bottom floor to a flat bottom £loor. Suéh an idealiza-
tion could be practically based oﬁ only one (the fundamental)
pool acoustics mode. Since the Mark II pool acoustic response
to chuggihg loads involves participation of many -modes of
vibrations of the coupled vent/pool/structure system, éuch an
idealization would result in ovér-simplification of the

problem..

For the above reasons, the 'WNP-2' revised cﬁugging
load definition 1is developed, implemented and presented in

this report.

'4.6.3 Application Methodologies for Mark II Containments

Elements of the two load application nmthodoloéies

for Mark II containments are similar.
Based on multi-vent test data both methodologies:

- recognize random variation of chug strength from
vent-to-vent and use an averaging technique
(although averaging is used in 'WNP-2' defini-
tion, it is shown that éesign sources' bound all

unaveraged 4TCO data at ‘Channel 28),
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recognize: random variation of chug initiation .

times from vent-to-vent (the 'WNP-2' methodology
conservatively assumes that the three vents in

one- radial row are in-phase, see Chapter 5).
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5.0 WNP=2 Reactor Buil&ing Resonse To Chugging Load

9.1 Introduction

The: application of the chugging load methodology of the
previous chapters is preéented in this chapter. The theoreti-
cal background of the structural analysis is presented. The
structural and suppression pool models are discussed. The
results of the analysis, and their comparison with JAERI test

results are presented..

5.2 .Theoretical Background

The analytical. methods that were used in the applica-
tion of this chugging load methodology to the WNP-2 contain-
ment is similar to that of Reference 3, Section 5.1. It was

shown that the total hydrodynamic pressures, P (1.) on the

-

fluid-structure boundary can be expressed by

P2 (U = Pi () +Ha () T (5.1)
where
(V) = Rigid wall pressures

(VW =-Hydrodynamic added mass matrix
= Forcing frequency

56{L) = Accelerations of the fluid-structure interface
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The structural equation of motion can then be expressed

as
R W Us () =~7TpP; (1) (5.2)
o - s o,
where:
Us (1) = Structural displacements
T = Appropriate transformation matrix
[ d

=

() = Dynamic stiffness matrix

=-n2 (Mg + T My TT) + i) Cs + Ks  (5.3)
~ PNl s T ~ -~

Eé = Structural mass matrix

Ef = Structural damping. matrix .
§§- = Structural stiffness matrix
i = -1

For any specified case of loading, the rigid wall

pressures f} (jl) can be obtained, equation 5.2 can then be

solved to obtain the required structural displacements. For

more details, refer to Reference 3.
5.2.1 Treatment of Multiple Vents

A cross sectional view of the WNP-2 reactor building

is shown in Figure S=1 and a plan view of the wetwell at the
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elevation of vent exits is shown in Figure 5-2. There are 102
downcomers (18 downcomers of 28" diameter and 84 downcomers of
24™ diameter) located in thirty—-four radial lines arranged in

an axisymmetric manner.

A. three dimensional finite element model of the WNP-2
suppression pool that has a set of three vents in one radial
row is shown in Figure 5=~3 and its structural boundary in
Figure 5-4. The analysis is performed for any given chugging
loading case using this model and assuming the source loads at
the: three vent exits to be of a unit strength and occurring
in-phase.. The structural and pool responses are evaluatedj
then for this set of three vents. Let the response measure of
interest located at angle & and time t from the reference
radial vent row be represented by the vector X (8,t). If the
chugging load intensféy at éhe vent exits corrésponding to the
ith radial row is assumed to be Lj, the total building

response, U (8,t), can be obtained as:

0 (8,8) = %ﬁ Li - X (8-84, ty) (5.4)

i=1

where

8i = The angular position of the itR radial row
measured from the reference row as shown in

Figure 5-2.
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ﬂri = Random chug start time for the ith radial row,

Table 5-1.

The assumption that the chugs occur in-phase at the
three vents in each row is more conservative than the case
where all 102 vents are assumed desynchronized since the
variance of the chug start times assigned to 34 radial rows is
smaller than the wvariance of the chug start times'aésigned to

102 vents.

5.3 WNP-2 Response to Chugging Loads

Theb single vent load definition and the associated
multi-vent applicatioﬁ. methodology of Chapter 4 and the
theoretical approaches of Section 5.2 are used to obtain the
suppression pool boundary pressures and structural responses
to chugging loads. The axisymmetric finite element model of
the  reactor building is shown in Figure 5-5. This model is a

more- refined version of the model used in Reference 3. It was

shown that refined modeling techniques give more realistic .

results (Reference 11).

-60~
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5.3.T  Containment Wall Design Pressures and Comparison With
Test Data. ‘

»

To obtain. the maximum pool boundary pressures. for
comparison with tést data, the source strengths at the WNP-2
vents were assumed equal and the sources along the 34 radial
rows were assumed desynchronized with chug start times as
given in Table 5-1. The maximum rigid wall pressure value
calculated at the containment wall at the vent exit elevation

at 0% azimuth for each design source is shown in Table 5-2.

The maximum rigid wall pressure measured at the vent
exit elevation in the 4TCO‘system (Channel 20) during each of
the seven time-w%ndows (Table 2-2) and its average with maxi-
mum pressure of the companion chug (Table 4.1) is shown in

Table 5-3.

51—
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The maximum modified* pressures measured in different

JAERI tests at the vent exit elevation at the containment wall

are shown in Table 5-4. 1Its coﬁbarison with the design wall

pressures of Table 5-2 shows that the design wall pressures

are higher than the JAERI results..

To provide additional comparison with "JAERI data,
Fourier amplitude spectrum of the containment wall pressures
at the vent exit elevation at 0° azimuth was obtained for each
of the seven design sources. The envelope of the seven
spectra is shown in PFigure 5-6 and compared with the envelope
of Pourier amplitude (modified averaged) spectra of measured
pressures in JAERI tests (7]. The envelope of design
pressures completely envelope_sr the- JAERI data by a significant

margin at all frequencies.

The above comparisons demonstrate that the chugging
load definition including the ' averaging method and the
desynchronization procedure used in the application methodo-

logy for the Mark: II containments is conservative.

* The JAERI multi-vent test facility shown in Figure 3-1
of Reference 7 includes 7 vents in a 20° sector. The
WNP-2 vent configuration shown in Figure 5-2 shows six

~vents in a 21.8° sector. In order to account for this

difference in the number of vents between the two systems,
JAERI test results are divided by a factor of 1.17 based
on a previous study (19], which compared peak boundary
pressures resulting from in-phase equal strength source
application to seven vents versus six vents in a 20°
segment..






5.3.2 Structural Response

Structural responses were calculated using the axi-
symmetric finite element model of the reactor building shown
in Figure 5-5 subjected to the pool boundary pressures calcu-
lated for each of the seven design sources. Response spectra
at several locations were calculated. The envelope spectrum
curves (witq the peaks spread by +15%) corresponding to 0.5%,
1%, 2% and 4% of the critical damping values are plotted for
selected locations (foundation mat at primary containmént
vessel, RPV pedestal at vessel support elevations, conta}nment

vessel at stabilizer truss level, containment vessel at mid-

submergence depth and reactor building at elevation 521') in.

Figures 5-7 and 5-8 for the asymmetric and the nearly sym-—

metric loading cases, respectively.

5.4 Discussion of the Calculated Structural Response to
Chugging Loads

The calculated WNP-2 reactor building responses to
chugging loads show. a pattern similar to that of the calcu—
lated responses to SRV loads, Reference 11. The reactor

building can be' divided again into three zones:

i. The wetwell zone, including the containment struc-~"

ture boundary, where the hydrodynamic pressures are
applied, and where the structural responses are the

largest.




P

ii. The drywell zone, including the containment struc-

iii.

ture boundary, where the high responses of zone (i)
have been attenuated through the RPV pedestal and
the containment sheli, Although smaller, they are
still of a finite magnitude for the low. damped steel

containment structure..

The third zone gonsists of the biological shield and
the reactor building walls and floors outside pri-
mary containment. The structural response accelera-
tions calqulated for WNP-2 are negligibly small. It
is noged,here~that negligibly small responses were
also calculated for WNP-2 when subjected to SRV
Iocads [T{I and this low level of predicted response
was verified by measurements taken during Caorso and
Tokai~2 SRV tests. This is due to the fact that the
load path from =zone (i) where the hydrodynamic
pressures are applied, to this zone is through the
mat and the soil and as shown in References 12 and
13 the soil compliances reduce rapidly as the fre-—
quency: of excitation increases; this explains the
above mentioned-large reductions in the structural

responses in this zone.

Table 5-5 shows the maximum computed structural re-~

sponsé accelerations in the three 2zones of the WNP-2 reactor

-

-§d-



mn su@es mn sm o owm o om m) om we s o AR aw 0 @m



i
|
|
|
1
y|
|
I
}
I
1
|
|
|
I
i
?
I

building. | Figure: 5-9 showslthe vibration tolerance obser-
vations as documented in References 14, 15, and 15. Examina-
tion of the maximum computed structural response accelerations
at locations outside the containment structure of WNP-2 reac-
tor building (zone iii) indicates that they £fall consistently
near the curve of Figure 5-9 labeled "BEGIN TO PERCEIVE". )
These findings lead to the conclusion that evaluation of
safety related piping: and: equipment for chugging -responses
need only be carried out in zoneé.(i) and (ii). It is noted
that this conclusion is consistent with the results of WNP-=2

reactor puilding analysis for SRV loads (Reference 11)..
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TABLE 2-1

SUMMARY OF 4TCO CHUG DATA
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Table 2-2

4TCO CEUGGING DATA BASE IDENTIFICATION PARAMETERS
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TABLE 4-1

IDENTIFICATION OF THE COMPANION
CHUG USED FOR AVERAGING WITH KEY CEHUG

72
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TABLE 4-2

SINGLE VENT DESIGN
. SOURCE DEFINITION
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Radial

Row

I . T S I U

1L
12
13
14
15
16.
17

Variance = 0.281708 x 10~

Note:

TABLE 5-1
CHUG START TIMES FOR RANDOM PHASING

Chug Start
Time (Sec)

0.022826
0.021631
0.014281
0.037928
0.026944
0.025257
0.0092329
0.035325
0.036614
0.017459
0.030120
0.018409
0.034114

0.041211

0.034711
0.024805
0.031562

chug in-phase.

4

Radial

Row

18
19
20
21
22
23
%4
25
26.
27
28
29
30
31
32
33
34

(sec.)2

Chug Start
Time (Sec)

0.012603
0.035364
0.026404
0.039039
0.021682
0.024879
0.044889
0.024589
0.0057321
0.023880
0.033905
0.015641
0.013154
0.022173
0.026808
0.046634
0.02770S

The three vents in each radial row are assumed to
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TABLE 5-2

MAXIMUM RIGID WALL PRESSURES ON WNP=~2

CONTAINMENT AT VENT EXIT ELEVATION

-75=

(NODE 15)
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BUPNS AND ROE, INC. PROPRIETARY
GENERAL ELECTRIC COMPANY PROPRIETARY

TABLE S-4

JAERI PEAK POSITIVE CHUGGING
: PRESSURE AMPLITUDES

~77-






TABLE 5-5

MAXIMUM COMPUTED ACCELERATIONS FOR

ZOWE

I
Inside and on the
boundary of the
containment struc-
ture below El. 510!

IX
Inside and on the
boundary of the
containment struc-
ture above El. 510!

ITI

‘Outside the con-

tainment structure

WNP-2 REACTOR BUILDING

RESPONSE
LOCATION DIRECTION
Containment Horizontal
Wall (Quencher
Elevation)
Containment Horizontal
Wall E1. 520!
RPV Support Vertical

Stabilizer Truss Horizontal

Outside Building Horizontal
Wall E1l. 521!
Vertical

MAXIMUM

ACCELERATION (g)

1.63

0.060
0.038

0.002

0.029
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WASHINGTON PUBLIC POWER SUPPLY SYSTEM
NUCLEAR PROJECT NO. 2

4TCO Tests

wetwell Pressure Transducer Locations| 2-2
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- COMPARISON OF PRESSURES & FOURIER | FIGuRe
FASHINGTON PUBLIC POWER SUPPLY SYSTEM | AMPLITUDE SPECTRA OF KEY CHUG & A 31
NUCLEAR PROJECT NO. 2 NEIGHBORING CHUG - TIME WINDOW NO. 1
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GENERAL ELECTRIC COMPANY PROPRIETARY

COMPARISON OF PRESSURES & FOURIER | FIGURE
WASHINGTON PUBLIC FOWER SUPPLY SYSTEM |AMPLITUDE SPECTRA OF KEY CHUG & A 322
NUCLEAR PROJECT §O. 2 NEIGHBORING CHUG - TIME WINDOW NO. 2
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WASHINGTON PUBLIC POWER COMPARISON OF PRESSURES & FOURIER | rrcure
SUPPLY SYSTZM | MPLITUDE SPECTRA OF KEY CHUG & A& | 3_3
NUCLEAR PROJECT N0. 2 NEIGHBORING CHUG - TIME WINDOW NO. 3
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GENERAL ELECTRIC COMFANY PROPRIETARY

WASHINGTON PUBLIC POWER SUPPLY SYSTEM
NUCLEAR PROJECT NO. 2

COMPARISON OF PRESSURES & FOURIER
AMPLITUDE SPECTRA OF KEY CHUG & A -
NEIGHBORING CHUG - TIME WINDOW NO. 4

FIGURE {

3-4
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WASHINGTON PUBLIC POWER SUPPLY sysTeM |COMPARISON OF PRESSURES & FOURIER

) AMPLITUDE SPECTRA OF KEY CHUG & A
NUCLEAR PROJECT NO. 2, NEIGHBORING ,CHUG - TIME WINDOW NO.

s -

PIGURE
3-5
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GENERAL ELECTRIC .COMFANY PROPRIETARY

WASHINGTON PUBLIC PCWER SUPPLY SYSTEM
NUCLEAR PROJECT NO. 2

COMPARISCN OF PRESSURES & FOURIER
AMPLITUDE SPECTRA OF KEY CHUG & A
NEIGHBORING CHUG - TIME WINDOW NO.

6

PIGURE
3-6
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S ) COMPARISON OF PRESSURES & FOURIER
WASHIN FOWER SUPFLY SYSTEM | AMPLITUDE SPECTRA OF KEY CHUG & A

NUCLEAR PROJECT NO. 2 NEIGHBORING CHUG - TIME WINDOW NO.

7

FIGURE
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GENERAL ELECTRIC COMPANY PROPRIETARY

WASHINGTON PUBLIC SOWER SUPSLY SysTem| COMPARISON OF PRESSURES MEASURED | s1cume
NOCLEAR AT CHANNEL 28 AND CHANNEL 26 3-3
ROJECT NO- 2 DURING TIME WINDOW NO. 6 ,CHUG #2
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GENERAL ELECTRIC COMPANY PROPRIETARY

WASHINGTCN PUBLIC POWER SUPPLY SYSTEM
NUCLEAR PROJECT NO. 2

COMPARISON OF PRESSURES MEASURED
AT CHANNEL 24 AND CHANNEL 20

PIGURE
3-2

DURING TIME WINDOW NO. 6,CHUG #2
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BURNS AND ROE, INC., PROPRIETARY

WASHINGTON PUBLIC POWER SUPPLY SYSTEM
NUCLEAR PROJECT NO. 2

PHASE RELATIONSHIP BETWEEN PRESS.
MEASURED AT CHANNEL 20 AND CHANNEL
28 VERSUS FREQUENCY-TIME WINDOW NO.l

FPIGURE
3-10
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BURNS AND ROE, INC. PROPRIETARY

L]

WASHINGTON PUBLIC POWER SUPPLY SYSTEM
NUCLEAR PROJECT NO. 2

PHASE RELATIONSHIP BETWEEN PRESS.
MEASURED AT CHANNEL 20 AND CHANNEL
28 VERSUS FREQUENCY-TIME WINDOW NO.l

PIGURE
3-11
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BURNS AND ROE, INC. PROPRiETARY

v

WASHINGTON PUBLIC SOWER SUPPLY Systev | RATIOS OF FOURIER AMPLITUDES OF PIGIRE
PRESSURES MEASURED AT CHANNEL 28/ 3-12
NUOCLZAR PROJECT NO. 2 CHANNEL 20
...92..
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GENERAL ELECTRIC COMPANY PROPRIETARY

WASHINGTON PUBLIC POWER SUPPLY SYSTEM
NUCILEAR PROJECT MNO. 2

VERTICAL DISTRIBUTION OF PEAX
PRESSURES~SIX CHUGS, TIME
WINDOW No. 1

FIGURE
3-13
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GENERAL ELECTRIC COMPANY PROPRIETARY

WASHINGTON' PUBLIC POWER SUPPLY SYSTEM
NUCLEAR .PROJECT NO. 2

VERTICAL DISTRIBUTION OF PEAK
FOURIER AMPLITUDES OF PRESSURES
TWO CHUGS~TIME WINDOW NO. 1

PIGURE
3-14

=94~




e @m sa mm sn Sn W e e Ss we tm me me Sm @9 M




I
.

b §
i
1
.
i
i
.
:
|
'

1

.
i
1
,,
1

BURNS AND ROE, INC. PROPRIETARY

WASHINGTON PULLIC PCWER SUPPLY SYSTEM
NUCLEAR PROJECT NO. 2

RATIO OF FOURIER AMPLITUGDES OF
PRESSURES MEASURED AT CH.20/CH.21

ZGURE
3=15
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GENERAL ELECTRIC COMPANY PROPRIETARY

WASHINGTON PUBLIC POWER SUPPLY SYSTEM
NUCLEAR PROJECT NO. 2

COMPARISON OF 4TCO & 4T DATA -
PRESSURES MEASURED AT BOTTOM
CENTER

FIGURE
3-16
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BURNS AND ROE, INC. PROPRIETARY

WASHINGTON PUBLIC POWER SUPPLY SYSTEM
NUCLEAR PROJECT NO. 2

SCHEMATIC PRESENTATION OF
PRESSURE SOURCE AT VENT EXIT
IN 4TCO SYSTEM

FIGURE
3-18
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BURNS AND ROE, INC. PROPRIETARY

WASHINGTON PUBLIC POWER SUPPLY SYSTEM
NUCLEAR PROJECT NO. 2

SCHEMATIC PRESENTATION OF

- ACCELERATION SOURCE AT THREE

LOCATIONS "IN 4TCO SYSTEM

FIGURE
3:20
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BURNS AND ROE, INC. PROPRIETARY

WASHINGICN' PUBLIC PCWER SUPPLY SYSTEM.
NUCIEAR PROJECT NO. 2

COMPARISON OF VERTICAL DISTRIBUTION

OF NORMALIZED MAX. PRESS. CALCULATED

W/PRESS. & ACCELERATION SOURCES

FIGIRE
3-24
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BURNS AND ROE, INC. PROPRIETARY

: VERT. DISTR. OF FOURLER AMPLITUDES | ricure |
FRSHTNGTON FUBLIC POVER SUFPLY SYSTEM| OF PRESS. CALCULATED WITH ACCEL. |, - |
NUCLEAR PROJECT NO. 2 SOURCE AT VENT EXIT
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WASHINGTCN ‘PUBLIC POWER SUPPLY SYSTEM
NUCLEAR PROJECT NO. 2

PHASE RELATIONSHIP BETWEEN PRESSURES
CALCULATED AT CH.20 AND CH.28

. 1VS. FREQUENCY

FIGURE
3-28
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WASHINGTCON PUBLIC POWER SUPPLY SYSTEM
NUCLEAR PROJECT NGC. 2

C., VS. RESONANT FREQUENCY -
AﬁALYTICAL CURVE & ITS APPL.

PIGURE
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WASHINGTON PUBLIC POWER SUPPLY SYSTEM DESIGN SPECTRUM AND REQUIRED FIGURE
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WASHINGTON PUBLIC POWER SUPPLY SYSTEM
NUCLEAR PROJECT NO. 2.

DESIGN SPECTRUM AND REQUIRED
AVERAGE SPECTRUM -~ CHANNEL 26

FIGURE
4-4
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BURNS AND ROE, INC. PROPRIETARY

WASHINGTON PUBLIC POWER SUPPLY SYSTEM
NUCLEAR PROJECT NO. 2.

DESIGN SPECTRUM AND REQUIRED
AVERAGE SPECTRUM - CHANNEL 24

FIGURE
4-5
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BURNS AND ROE,

INC. PROPRIETARY

WASHINGTON PUBLIC POWER SUPPLY SYSTEM
NUCLEAR PROJECT NO. 2.

DESIGN SPECTRUM AND REQUIRED
AVERAGE SPECTRUM - CHANNEL 20

FIGURE
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BURNS AND ROE, INC. PROPRIETARY

WASHINGTON PUBLIC POWER SUPPLY SYSTEM
NUCLEAR PROJECT NO. 2.

DESIGN SPECTRUM AND REQUIRED
ENVELOPE SPECTRUM - CHANNEL 28

FIGURE
4-7
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BURNS AND ROE, INC. PROPRIETARY

WASHINGTON PUBLIC POWER SUPPLY SYSTEM DESIGN SPECTRUM AND REQUIRED FIGURE
NUCLEAR PROJECT NO. 2. ENVELOPE SPECTRUM -~ CHANNEL 26 4=-8
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BURNS AND ROE,

INC. PROPRIETARY

WASHINGTON PUBLIC POWER SUFPLY SYSTEM
NUCLEAR PROJECT NO. 2.

DESIGN SPECTRUM AND REQUIRED
ENVELOPE SPECTRUM - CHANNEL 24

PIGURE
4-9

-119-~







-

BURNS AND ROE, INC. PROPRIETARY

WASHINGTON PUBLIC POWER SUPPLY SYSTEM

NUCLEAR PROJECT NO. 2.

DESIGN SPECTRUM AND REQUIRED
ENVELOPE SPECTRUM - CHANNEL 20

FIGURE
4-10
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WASHINGTON PUBLIC PCWER SUPPLY SYSTEM
NUCLEAR PROJECT NQ.

2

GENERAL CROSS-SECTION OF
WNP-2 REACTOR BUILDING

PIGURE
S-1
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WASHINGTON PUBLIC POWER SUPPLY SYSTEM 'FLUID-STRUCTURE BOUNDARY-WNP-2 | FIGURE
SUPPRESSION POOL -

NUCLEAR PROJECT NO. 2.
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500"

463.25"'

443"

$427.75"

605.88"'

567.38"

547"

521!

488.8"
477.6"

470"

456.5"

"449.75"

i422.25 _-SOIL/
218,25 STRUCTURE

414,25 INTERFACE
410,25 NODES

WASHINGTON PURLIC POWER SUPPLY SYSTEM
NUCLEAR PROJECT NO. 2.

REACTOR BUILDING MODEL

FIGURE
5=-5
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BURNS AND ROE, INC, PROPRIETARY
GZUERAL ELECTRIC COMPANY PROPRIZTARY

ENVELOPES OF CALCULATED RESPONSES FOR

N

WASHINGTON PUBLIC POWER SUPPLY SYSTEM |lnupn 5" 2vD MEASURED RESPONSES AT JAERI-
NUGLEAR PROJECT HO. 2 CONTAINMENT AT VENT EXIT ELEVATTION

PIGURE
5-6
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8.12 0. )6 0.30 0.2¢

ACCELERATION (C)

0.08

0.0%

THETA TRANSLATION

&80

ki)

$0.00 0.0 100,00 120,00 180,08  160.04
FREQUENCY {(n2)

ACCELERATION (C)
.32 0.8 .20 [)

8.08

8.9y

VERTICAL TRANSLATION

.J.M

3.20

€2.00 40,00 100,00  120.60  140.00  160.00
FREQUENCTY (H2)

ACCELERATION 1C)
0.60 b 80 .00

0.40

9.20

HORIZONTAL TRANSLATICN

.60

-".03

10,00 103,06 120,08 140,00 160,00
REGQUENCY (H2)

Multiply all acceleration values by 1.18.

WASHINGICN PUBLIC POWER SUPPLY
NUCLEAR PROJECT NO.

REACTOR BUILDING RESPONSE -
ASYMMETRIC LOADING: CONTAINMENT
VESSEL AT MAT

I
i
|
i
i
i
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i
d
i
I
i
i
i
1
i
|
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2,00 * 2.40

10"
.30 3.20 3. 80

ACCELERATION (L)

THETA TRANSLATION -

P oo
8

.00 40.00

40,00 10,00 100,00 120,00 180,00  160.00
FREQUENCY H2)

o)

[
-

0.18
)

[[4]

ACCELERATION

VERTICAL TRANSLATION

X
g

0,00 19,00

2,80

4a.00 0,09 100.00 120,00 180.00  160.00
FREGUERCY (H) .

!}0..
0.80 .20 31.60 . 2.60

ACCELERATION ()

0.40

HORIZONTAL TRANSLATION

[ 3,00 40,00
FREQUENCT 142)

100,64 120,00 83,03  164.00

Note: Muléiply all acceleration values by 1.18.

WASHIUGTON PUBLIC POWER SUPPLY SYSTEM
NUCLEAR PROJECT NO. 2

REACTOR BUILDING RESPONSE -~
ASYMMETRIC LOADING: RPV SUPPORT

PIGURE
5-7b
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ACCELERATION (C)
0. 08 0.12 0.16 0.20 a.

0.u4

oa

THETA TRANSLATION

a

2. 08 20.60

1.2

40.00

50.09 80.00 100.00 120,00  140.00  16C.00
FREQUENCY (HZ)

un

0.80

ACCELERATION (C)
040 0.6¢

20

0.

HORIZONTAL TRANSLATION

2

.00

.00 20.00

%0,00

-

§0.03 80,00 100.00  120.00 140.C0  166.04
FREQUENEY (H

Note: Multiply all acceleration values by 1.18.

WASHINGTION PUBLIC PCWER SUPPLY SYSTEM

NUCLEAR PROJECT NO. 2

REACTOR BUILDING RESPONSE~ASYMMETRIC
LOADING: CONTAINMENT VESSEL AT
STABILIZER TRUSS.LEVEL

FIGURE
5-7 ¢
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31.30

b.80 0.80 1.00

ACCELERATION IC)
8.0

.20

THETA TRANSLATION

&.00

0.4p

40,00 40,00 100,00 120,00 180.00 183,60
FREQUENCY (HY)

ACCELERATION (C)
0.20 .38 .40 0.50

.10

VERTICAL TRANSLATION

200

808

0,00 40,00 100,08 120,00 140,00 180,00
FREQUENCY (H2)

»

3.00 %.00 $.00

RCCELERATION (C)

2.00

1.00

P00 .

HORIZONTAL TRANSLATION

€¢3.03

) 40,00 190,60 120,00  1%0.00  1%0.00
FREQUENCY (HZ)

Multiply all acceleration values by 1.18.

WASHINGTON PUBLIC PCWER SUPPLY SYSTEM
NUCLEAR PRCJECT NO.

REACTOR BUILDING RESPONSE-ASYMMETRIC

LOADING: - CONTAINMENT VESSEL AT
MID~SUBMERGENCE DEPTH

-132-
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1.80
I M |

)

RCCELERARTION (C)

0,20

L___\\d/‘_______\

Theta Translation

%00 120,08 10,00,

43,00 40,00
FREGUENCY (HD)

160,00 120,06  110.08. 160.00

0.08 .08 5.10 0.32

ACCELERATION C)

0.0%

Vertical Translation

$.02 "

.‘,.03

00 .00 190,00

2.%0

$3,09 Q.00 300.00 120,08 140,00  184.04
FREQUENCY (HY)

~10"
2,00

3.4

3.20

ACCELERATION (€2
. 0.80

8.%0

Horizontal franslation

\a,00

$:00
&
8
3

Note:

+3.00 40,03 ug, 04 20,00 0,00 €.
FREQUENCT ) ' " 1a-09

Multiply all acceleration values by 1.18.

{ WASHINGTON PUBLIC PCWER SUPELY SYSTEM
NUCZZEAR PROJECT NO. 2

REACTOR BUILDING RESPONSE -
ASYMMETRIC LOADING: OQUTSIDE
BUTLDING WALL ELEVATION 521

PIGIRE

5=7e

-133-




-

e u) s oo o o om oo o w@m o = S m

0.2%

0.20

9.16

.11

ACCELERARTION (C)

£. 08

0.0%

THETA TRANSLATION

P05
g

10.03 10,00

.33 13,00 100,060 120,08 140,00 163,00
FREQUENCY (h2)

ACCELERATION (C)
612 .18 0.20 0.2¢

VERTICAL TRANSLATION

#:20
g

70.00 ¥0.00

1,20

€8.00 40,90 100,60 120,00 140,08 160,00
FREQUENCT (1Y)

ACCELERRTION (L)
: 0.60 .80 ).00

0.20

h 'HORIZONTAL TRANSLATION

10,00

99
8
g
13

Note:

48,00 43.00 100,00 120.80 180,00 163,00
FREQUENCY (H2)

Multiply all acceleration values by 1.18.

WASHINGICN PUBLIC PCWER SUPPLY SYSTEM
NUCLEAR PROJZCT NQ. 2

REACTOR BUILDING RESPONSE - NEARLY
SYMMETRIC LOADING: CONTAINMENT
VESSEL AT MAT
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<30
5.50 1,20 .63 2.3)

RCCELERATION (C)

THETA TRANSLATION

H 8
8

20,20 44,00

0.2%

€3.3a 49,30 180,90 120,00 143,03  1w0.03
FREQUENCY (2}

0
I s |

0.2

0.18

.12

RCCELERATION (C)

0,03

VERTICAL TRANSLATION

0.0%

ob.00
8

2,00 \a.00

2.80

c':.oo 0, 100,03 120,00 140,00 160,00

. 00
REGUENCY (H2)

2.80

«10"
40

).28

RCCELERATION (C)

0.40

HORIZONTAL TRANSLATION

60,00 40.80 100,08 120,83  180.00 160,00
FREQUENCY (HY)

Note: Multiply all acceleration values by 1.18.

WASHINGION PUBLIC PCWER SUPPLY SYST=M
NUCLEAR PROJECT NO. 2

REACTOR BUILDING RESPONSE -~ NEARLY
SYMMETRIC LOADING: RPV SUPPORT

s-8b

-135-







g
¥
- THETA TRANSLATION -
™~
c'-
2
29
=z
2
" el
cc
&
s
o
Q3
=y
2
o
-y
=
.93 23.0% 39,70 , £3.20 33,33 190,03 :20.99  143.03  183.39
FREQUENCY (HZ?
g
o
_ HORIZONTAL TRANSLATION
s
2 .
!
o
557 “\
- [
-3 ;
=ty \
x
wl
o
9%
o=
E
ol =
[=}
°
-3 £0.%0 86,90 190.90  120.30  140.20  160.9%
FREQUENCY (H2)

Note:

Multiply all acceleration values by 1.18.

WASHINGICN PUBLIC PCWER SUPPLY SYSTEM
NUCIEAR PROJZCT NO. 2

REACTOR BUILDING RESPONSE -~ NEARLY
SYMMETRIC LOADING: CONTAINMENT
VESSEL AT STABILIZER TRUSS LEVEL

FIGIRE
5-8c¢
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3,23

3.80

.80

ACCELERARTION (C)

0.29

Theta Translation

/——\'_'\

\

Hpo0

k) 23.00 89,00

8.60

£3,48 40,38 133,00 123,08 NG99 162,20
FREQUENCY (H2)

0.30

oo

0.30

ACCELERATION (C

0.20

6.30

vVertical Translation

£:03
8

.68 80,33

$.00

.93 44,90 100,40 123,50 143,00 140,93
REQUENCY 1(H2)

v.00 .09

3.03

RCCELERATION (C)

2.3%

1,00

Horizontal Translation

p.00
8

36,00 0,00

%0, 30 ) 23 123,94 1%0,63 168,90

.03 100,
FREQUENLY (1)

Note: Multiply all acceleration values by 1.18.

WASHINGION PUBLIC POWER' SUPPLY SYSTSM
NUCIEAR PROJECT ¥O. 2

REACTOR BUILDING RESPONSE - NEARLY"

SYMMETRIC LOADING: CONTAINMENT
VESSEL AT MID-SUBMERGENCE DEPTH

FIGURE
5-8 d
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1,30
|

.10
5.80

5.40

0.%0

RCCELERATION (C)

.20

Theta Translation

£,00
2

23.00 13.09

0.12

€0.33 40,00 100,28 1¢0.30 183,00 169,00
FREQUENCY (12)

ACCELERATION (C)
606 .08 0.0

.04

Vertical Translation

0.02

10,00

.80
8
8
g

2,40

€3.00 40.03 103,00 120,00 148,00 163,80
FREQUENCY (H2)

10"
680 1,30 160  2.00

RCCELERATION (C)

0.8

Horizontal Translation

i

0,00 10.09

40,00 80,08 100,00 120,00 140,00 160,00
FREQUENCY (HY)

Note: Multiply all acceleration values by 1.18.

WASHINGTON PUBLIC PCWER SUPPLY SYST=M
NUCILEAR PROJECT N0. 2

REACTOR BUILDING RESPONSE -~ NEARLY
SYMMETRIC LOADING: QUTSIDE
BUILDING WALL ELEVATION 521'

FIGIRE
S5=8e
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APPENDIX A

ANALOGY BETWEEN ACOUSTIC AND STRUCTURAL

BOUNDARY CONDITIONS

Introduction

Response of the analytical model of the 4T system to
two types of sources, the pressure source and the acceler-
ation source applied under the vent is presented in Section
3.3.2. It is shown that the two sources excite different
modes of the 4T system. The difference in the excited modes
is a result of different boﬁndary conditions at the pool
vent interface which appear in the analytical solutions of
the two problems. It is important to recognize this basic
difference between the two types of sources because the
4TCO key chugs which are simulated using the acceleration
source contain the response of the system which cannot be

simulated using the pressure source.

It is shown in this Appendix that the acceleration/
pressure sources of vibration in acoustic £fluid vibration
proble@s are analogous to the force/displacement (or accelgr—
ation) sources in structural vibration problems. To emphasize
the difference in the boundary conditions and their importance:
in changing the characteristics of the response, a simple
structural vibration problem is first presented in this

Appendix, then the anology is shown between the two problems.
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Forced Longitudinal Vibrations of a

Prismatic Bar

The equation of motion of longitudinal vibrations of
a prismatic bar due to external force p(x)f(t) and the

formulation of its solution is shown in Figure A-l.

The eigenmodes and eigenvalues (frequenéies) for two
cases of boundary conditions are shown in Figure A-2. It
is seen that the fundamental mode frequency for Case l
(fixed-free) is one half of the fundamental mode frequency
for Case 2 (fixed-fixed). It is shown in Figure A-3 that
vibration of the bar due to a force applied at the free end
is completely defined by the eigenmodes and frequencies
corresponding to the Case 1 whereas the vibration of the
bar due to a displacement motion prescribed at the free end
is defineé by the eigenmodes and frequencies corresponding
to the Case 2. In other words, the characteristics of
response of the bar due to an external force is completely
different from the characteristics of response of the same
bar due to an imposed (displacement) motion. The imposed
displacement motion requires a change in the boundary condition
at the location of imposed motion which alters the response-

characteristics of the system.

-A2-
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Analogy Between Acoustic Fluid Vibrations and
Structural Vibrations

The equation of motion for the longitudinal vibrations
of a prismatic bar is analogous to the equation of motion

of acoustic f£1luid.

2
Ve Z gt Ox%  af Ot

wherxe PpPEuC

' au_ g_p
and ¢ p = { (note: €. =g=x)
‘. Pressure Sou:ce in Acoustic =Imzosed Displacement in
Fluid Problems Structural Vibration Problems

ané acceleration (or pressure gradient) = Aprlied. ' force in

Source in Acoustic Fluid Problems Stx=uctural Vibration
. Problems
Conclusion

From the above analogy, it is evident that the response
characteristics of acoustic fluid system excited by an
acceleration source (which is analogous to externally

. applied force in structural vibrations) will be different
from those excited by pressure source (which is analogous

to imposed motion in structural vibrations).

Since key chugs are properly simulated using accel-’
eration source, for chugging load definition to bound the
key chug data, an acceleration source must be used.
References:

A~1 "Vibration Problems in Engineering"”, Timoshenko, S.,
D. Van Nostrand Company, Inc.
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u(xl,o) u(IX.t) s FORCES ACTING ON

] (—AE 3% ax ELEMENT dx AT (x, )
a2 - x2 " (SEE SKETCH OF THE
PaZ— ax p(x) £(t) dx
Oe* BAR BELOW )
Solution £rom Reference A-l may ke summarized as follows:
FPulx.t) QPux,t)
- AE -a—z———- + ,O-?_—— p(x) £(t) Eguation of Motion (A-l)
x
u(x,t) = Z Xn(x) ﬂn(t) Soluticn for Homogenaous
n=1,... Scundary Conditions (A-2)
x:, (x) = Eicenmodes of the eigenvalue ecuation '( (.c) + K 2xn(x) =0

witn apnroprz.ate homoc:e leous bou'ma.:y cond*t:.on.-.
(e.g., Case 1 and 2 in Figure a-2)

g,(x) “n
with appropriate initial cond:.t:.ons

whexe,. a.2 = B/ p

Cdn = frequency of vibration of natural mode n = Kna

Py = f B(x) X (x) d.x/fx,l(x)2 dx
o o

Soclution of the ec:uat:.on of motion ,Gn(t:) +Q) 9’ o] f(t)/Ap,

(a-3)

e = F 3
g.(e) = A, cosOJn + B, SmCJnt
; i . o
r + - )

-x-w-P——.nApo[ £(ty) sinll (e-t,) at;
whers constants 1.,1, B_ axe obtained from initial conditions and are
set ecual to zero for“the system at rest at &=0,

= N
__..4 LI —

. A————
E" LAPPLIED FORCE p(x)«f(t)

P= MASS DENSITY
E= MODULUS OF ELASTICITY
N A = AREA OF CROSS SECTION

WASHINGTON PUBLIC POWER SUPPLY SYSTEM § LONGITUDINAL TRANSIENT VIBRATIONS OF
A PRISMATIC BAR
NUCLEAR PROJECT NO. 2

FIGURE
A-1
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Case 1 Case 2

Fixed Free Fixed Fixed

4 A Y

% J 4 7

=0 y =0 J3
Boundary Conditions: .

u(0) = o, a—“ L =0 U(0) =0, U(L) =0

X

Eigenmodes:

. e nTlx - ol /(%

&n(x) = Sin T xn(x) = Sin ff_

n=13,5... . n=122,3... .

n=1 -n =1
‘Eigenvalues: :
Kn = 52)1}‘ R = ﬁ
) an 4
EIGENMODES AND EIGENVALUES FOR TWO FIGURE
W POWE Y .
ASHINGTON PUBLIC POWER SUPPLY SYSTEM.|™"“CrSES OF BOUNDARY CONDITTIONS A~2
NUCLEAR PROJECT NO. 2
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Problem 1 ’ Problem 2
hpplied Foxce at Free Ind Imposed Displacememt at Free End
: D(1)
A, B, IO - ?j A, hlp bo—ey
7 )} P(t) 4 -0
4 1) A T |
*x=0 4( x=0 ,(
5 o
N o= 2 (-1)
u(x,t) = = ——— X (x)] (t) ufx,t) mu.(x,t) +u,(x,t)
Pat n=1,3,5.. W n 1_"\ 7 1t 2 '
u, (x,t) = %D(t)
where, n
#q(x) = Sin = n=1,2,3., "
t N .
I = ofp(t,\ sin(), (t-t)) at; where,
. . nln—x
Con _ nTla | X, (x) = Sin 7
\ [ @ = [ Bten sin) (e-ty) at,
a“ = E/]) o
YW = nTla
n
2
. 4™
D(t) =
T ad?

Note that the response characteristics (xn;o) ) of the same bar are different in the above two
problems. The series solution of Problem'l ;ﬁ based on the boundary conditions of Case 1
(Figure A-2). The series part of the solution (Uz(x.t)) of Problem 2 ig based on the boundary
conditions of Case 2 (Fiqure A;2). : . ) .







