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Mark 11 Containment 1/6-Scale Pressure Suppression Test Program:
Data Report No. 3 (Fourier Analysis of Pressure Oscillations;
Runs 214-218 and Runs 276-282)

Yutaka KUKITA
Division of Reactor Safety,
Tokai Research Establishment, JAERI

(Received December 27, 1979)

This report documents results of -the Fourier-analysis applied to the
pressure oscillations measured during the steam condensation tests,

performed in the first test phase of the Mark II Containment 1/6-Scale
Pressure Suppression Test. The 1/6-Scale Test was initiated to investigate
the thermohydraulic responses of a BWR Mark II pressure suppression system
during a postulated LOCA, by means of scale model experiments. From

January to June, 1977, a series of tests, including twelve steam condensation
tests, were performed for the Japanese BWR Owners' Group. During the steam
condensation tests, pressure oscillations associated with unsteady steam
condensation were measured, and these data were Fourier-analyzed by a digital
computer program. The evaluated quantities are power spectral density (PSD)
functions, cross power spectral density (cPSD) functions, phase angles and
coherence functions. These results are presented with qualitative interpre-

tations and comparison with other test results.

Keywords: BWR, LOCA, Mark II Containment, Pressure Suppression System,
Pressure Oscillation, Scale Model Experiment, Fourier-Analysis,

Steam Condensation Tests, Power Spectral Density
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SUMMARY

This report ducuments results of Fourier-analysis applied to the pressure
oscillations measured during the steam condensation test, which were
performed in the first test phase of the Mark Il Containment 1/6-Scale
Pressure Suppression Test. The 1/6-Scale Test was initiated to investigate
the thermohydraulic responses of a BWR Mark II pressure suppression system
during a postulated LOCA, by means of scale model experiments. The specific
phenomena to be investigated are pool swell caused by rapid growth of air
bubbles in the suppression pool, and pressure oscillations associated with
unsteady condensation of steam in the pool.

The test facility consists of two 1/6-scale test containments with one and
five downcomers respectively, a storage tank which stores simulated primary
fluid, control and instrumentation syétems. The test containments are
cvlindrical steel tanks which model the corresponding “cell's in a typical
1100 MWe class Mark II pressure suppression system. Namely, they were
designed to be 1/6-scale in vertica] dimensions of the pressure suppression
System, diameter and spacing of the downcomers. Pressure, temperatufe, and
dynamic behavior of the pool water level are mesured to monitor the pool
swell and steam condensation phenomena.

From January to June, 1977, a series of tests were performed for the Japanese
BWR Owners' Group, which sponsored construction of the test facility and
execution of the tests during this per1bd. These tests included twelve

steam condensation tests.

The steam condensation tests performed during this period were designed to
reproduce the actual steam mass velocities in a Mark Il pressure suppression
system during a DBA-LOCA, without any scaling. The steam mass velocities
performed in the 1-downcomer tests ranged 20 to 77/ kg/mz—sec, whereas the
maximum velocity for the 5-downcomer tests was only 35 kg/mz-sec because

of the pressure losses in the steam line. The test matrix was designed to
identify the effects of the primary variables. Number of the downcomers was
varied by using the 1-downcomer and 5-downcomer containments, and blocking
three downcomers of the 5-downcomer containment. Most of the tests were
performed at elevated wetwell pressures, but a few tests were performed at

(5)
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atmospheric pressure for comparison. Preceeding each test, steam was discharged
into the drywell at a very small flow rate to rep]acé the drywell air with
steam, and thus to minimize the air content in the vent flow during the tests.

Chugging was observed in all of the steam condensation tests except Case 03,
which was a 1-downcomer test performed for the steam mass velocity of 77 kg/m -
sec. The raw data from these tests have been published in a separate report
(Reference 1). Pressure oscillations measured dufing the tests were Fourier-
analyzed by a digital computer program described in this report., The
statistical quantities obtained are, power spectra] density (PSD) functions,

cross power spectral density (CPSD) functions, phase angles, and coherence
functions. These results were reviewed for the better understanding of the

effects of the variables on the pressure oscillations. The following is a
summary of the conclusions drawn from the comparison.

Observations common to the 1-, 2-, and 5-downcomer chuggings
(1) The chugging frequency increased with increasing steam mass velocity,

ranging 2 to 3 Hz.

(2) - Amplitudes of the pressure oscillations generally increased with
steam mass velocity.

(3) The chugging-frequency component was predominant in the pressure
oscillations in the drywe11; downcomer(s), and wetwell airspace.
In the downcomer(s), however, components with higher frequencies
(ranging 30 to 60 Hz) were sometimes as large as the chugging-
frequency component.

(4) Amplitude of the chugging-frequency component was maximum in the
downcomer(s).

(5) In the drywell and downcomer(s), the chugging frequency component
was coherent and almost in phase.

(6) On the wall and bottom of the suppression pool, amplitude of the
chugging frequency component was significantly lower than in the
drywell and downcomer(s). Components with frequencies higher than
10 Hz showed greater amplitudes than low frequency components.

(7) Amplitude of the pressure oscillation in the pool was maximum on the
bottom, and decreased with height from the bottom.

(8) Throughout the pool, the pressure oscillations were coherent and

in phase.

(6)
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Observations particular to the 1-downcomer chuggings
(9) Pressure oscillations in the downcomer and pool wall was coherent,

except for the low frequencies including the chugging-frequency,
and except for the frequencies higher than 40 Hz.

{(10) Pressure spikes were observed on the pool wall and bottom. Each
spike was followed by a decaying high-frequency osci}]ation. Duration
of the oscillation increased with steam mass velocity. These decaying
oscillations formed an appreciable peak of the PSD function. Tendency
in distribution of the PSD function stated in (6) was extreme for the

1-downcomer chuggings.

Observations particular to Case 03
(11} The fundamental component was predominant throughout the test
containment. The fundamental! frequency decreased with increasing

pool temperature.
{12) The dominant components, including the fundamental, were coherent

throughout the test containment.

Observations particular to the 5-downcomer chuggings
(13) The high frequency (higher than 10 Hz) components of the pressure
oscillations in the drywell and in the downcomer, in two different

downcomers, as well as in the downcomers and on the pool wall,

were significantly less coherent than in the 1-downcomer chuggings

(cf. {(9)), though these components were predominant in the pool.
(14) Amplitudes of the dominant (chugging-frequency) component in the

drywell and downcomers were similar to those in the T-downcomer

chuggings. However, amplitudes of the pressure oscillations in the

pool were much lower than in the 1-downcomer chuggings.

Difference was significant for the frequencies higher than 10 Hz.

Nbservations particular to the 2-downcomers chuggings

(15} Similar to (13) for 5-downcomer chuggings.

(16) Amplitudes of the dominant (chugging-frequency)} component in the
drywell and downcomers were lower than in the 1-downcomer and
5-downcomer chuggings. However, amplitudes of the pressure oscillations
in the -pool were similar to those in the 5-downcomer chuggings.

(17) Distribution of the PSD functions for the pressures on the pool
wall and bottom were similar to those obtained for the T-downcomer

chuggings.

{7
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Effects of other variables

(18) Effect of downcomer submergence was not significant. Further experiments
are required to identify the effect of the system pressure.

These statistical results are interpreted qualitatively, and compared with

the results of other experiments including the Marviken full-scale pressure
suppression test. In the above, (13) and (15) imply that chugging in distinct
downcomers were not strictly in phase. This will explain the fact that
magnitudes of the high frequency components of the pressure oscillations in
the'pool and in the drywell, as well as amplitudes of the water level inside

| in the mu]ti-downcdmer tests than

the downcomers were significantly lower

in the 1-downcomer tests. Namely, in the multi-downcomer chuggings, pressure

oscillations in the pool and in the drywell are considered to be 'synthesized'
of the disturbances originated from (incoherent) sources located at the

outlets of the downcomers.

(Bt
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Table 2.1 Comparison table of containment major parameters.

i . JAERI 1/6-scale test facility

} Parameter Typical 1100 MwWe

! Mark II Test containment 1 Test containment 1I
Volumes
Drywell (m°) 5400 1.25 0.25

; Wetwell air (m°) 4100 0.62 - 0.71 0.12 - 0.14

i Wetwell water (m)) 3400 0.48 - 0.58 0.096-0.116
Downcomer
Number (=} lo8 5 1
Diameter (m) 0.59 0.1021 0.1023
Submergence (m) 3.4 0.45 - 0,675 0.45 - 0.675
Clearance, downcomer )
to pool bottom (m) 3.0 n.s50 0.50
Ratios '

Net pool area / vent
arca (=) 13,4 9.8 9.8

Drywell vol./ vent
area {m) 171 Jo.4 30.4

RPY Pedestal

Test Containment I

760 ID —

30° sector of typical Mark II

‘\g_L | / b— 340 1p

Tesi Containment [1

Outer Wall

Fig. 2.2 Downcomer arrangement in a typical Mark II containment
and 1/6-scale test containments
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3. F—20HEFE

HEEBRBERB L -THONE, BN, £, ENF0LEHEOIX7 tVBFAZBH S LT
HE o - FAEMER L. '

BWREBMHER N BRHEEOARBE  Mark [ BWEHOHIBHEE (@ —8 ) % 176
KRR LESDTHO, F9vav1EFLDO7 —VRBREFD1/216THL. —F .
Ao v heHNELERBRAN IEFAYE L Loy, ABHT o -V KR LR —RICE S,
cHD, RABRRRAERRELTLES A A0 EHETH L LRNIE, H2BEMEIC
BMUCRSAEEE HM LTHRNT TSI EINE, 74 RSPV HICHIHEDRE O
it s ohiEt, COLINMBEARRET 24-00RT (LHPEEEERXT tVOR
m)@ﬁ%éﬂfnéﬁfﬁ%ﬂf@@&%@ﬁ&u;%%ﬁ%%%ﬁ%ﬁéo

31 F—H#UBTOT7 ZL0WME

MBBICER IS NIBIT -7 b, BBRLF» 2V ( IITHEHBMESARSD ) OF —
ARFEHELTTF—8 7 r AV EERL, ChELTFTOREEDALE L.

Fu7 7 AOBEAFig. 31 KRTe 59, AHT s AV ORIBALT —F2EF ~
VANLTLORZFICERL, NAOF 24 1AL LTEET Y IRB(FFTIVT
W F vt 7 EBm L, ChAEEEY A VICER TS, TRTOFT 2200 T7
— ISR T Lk, 27 AW OEESNLF» 2L D7 — ) TEBRE LR S
LT 22y pERE ( power spectrae density function, PSD function ) %
HEL, 20 EBEISAL2TF v Y2007 ) s EREHS, HEFT ARSI PVEE
( cross power specirae density function, CPSD function?. @M%, =& —
L v 2 ( coherence function) DEHEEZFTH. &iAHE, MED (NEOF — 412X 45 ) /h
XMO/BRAFHL, VR MBLOTOo0y tHAUET D

3.2 HEFE
7Y EMT, BHRHE 4 —DFA T 7 VBRI RATHAY TV —-FYFFTSE

o Tfiotie =4 OBRM X;1 (j=1, 2, = . N) OBR7 -V zEHIKRKX
Thbbashbo

A N - s _
j=1
(k=1. 2. + N
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CoT, At F -4 EOMR (sec) THY, 7T—FHNBZOREETHLINELLT .
HHLLF -4 BREEDATAC-2000B ¥Ry 7 ¥4 LT bdh,

S AT e T s DR ARAIN RS L EAERTABE NS B T4 EREE D
7Y Y EEEII30kHz —~EELESS, B F ey ANVBELF ¥y ALK LT
§t=(n—-1),/30000(sec) OHEENLEEYD, EF + 34007 — ) TEHBBEICH
LA L AREZT 2o

A Py 8
(ﬁk)corrmsated=xk'eznl fie Ot @)

T, fr=df-(k—1), 4f IHBETH-T, df=1/4t N TEEIN L. &R
A7 - VI EBREAEERT rAVKES D, AL, BEIOT S HMNG @ BFR
ABBE DO LR frg B LT, fge/df< (N - 1)EHITBNDE LT 5o

N ARG FVEE (PSD function) DFE '

FER7 7 AT -407 - ) TEBEERSCH, EF v YAV DT —AXT P
WMEAFHE ST B, N7 - AR PUVEEEARACIDEERT S,

2
(f )= —
Gx ‘fk T

A
Xk

2T T=d4t *NTHY, G (fy) BEAEK =41 - (k-1)EHET LT RR7
PAHETH D BETAMEOMMIC VTG () AR, ThoDTEE Gylfk)
&, CORMICET BT Ry PUEBE LT o

ME~7 27 VEE (CPSD function)®it &
2o®%+y$w@?—ﬁmx5ﬁ%WlXﬂ.[Yﬂtj;LZ.wmmN)®ﬁE1N7
FVEEARBILIDERT S

2 p A
GXY(fk)= ?Xk'Yk* 14)
HEA<Z PVEBC>ODTLBETIMECNRECE T3 PHEALRD 5. KR TH LT
Gyvy DEIEA R, CchOEHliARpEEVIIEFEL L -t TUHE, AR THRRE
ha0id, RATTEEBINLIETH L.

M
X
m:

—_— 1
SRS ‘Gmifkhn (%)
8% (phase angle) O H

2ODF ¥ YANDF —RZILONT, KEBEEFTORAEFKD L. CREIRATHE

Ehde
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Oy (ix)=1Imi log(Gyy (fg ) 0 | {6}
N G
_— 1 M
GXY(fk)z_ ) GXY(fk)l'n {7
M o=l

2t — 1 ¥ A (coherence funciion) D HE

L A, 20T S AN DT 5 OBAEREAM OREIEAE B S DT R TS
Tuht, 2007 -4 OREEABEERTEOMBAEN—BIZACBG I — L YA 1ICE
C, MECMTIHEATAES, T — L YR HEL, 2 - Yy RERAILL - TEHET

%o

(8)

ARICELAMETIE, HEOEBARBILTALSHR LD I 2 2 13EF—EL LI
FeA DEREEIFII00Hz ch THo, 1/NEEOF -2 HNES512EL0h6, 7
%%m&ssstfﬁéaﬁﬁm@ﬁMm%ﬁwm%%f4tL.2ﬁ66@ﬁ%f§ito

HEE, EREOEASEBELLEDS, BAKL ~THEARERS OBRENES T, 77
THRF =N S EEAE L, 773 (HASOEE ) TRTHBRA Y —vEATY
5otti@,mw®ﬁ@50n04uaox10* (kg? St *sec ) 2 H LD T o
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M subintervals Next M subintervals
it

N data points (subinterval)

Time
: 1 l —>
FFT '
routine | tereerrereeeereeeeneaenn
4 Fourier transform of data
[jii] Work file
} v '
Subroutine
PSD or Ceeeearesearesecaanans calculate PSD functions, phase angles,
CPSD CPSD functions, coherence functions

L ] } }

Averaging

l

Output

Fig. 3.1 Scheme of data processing procedure
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4. OB OB OB

4.1 HBEH

RS 2E1 A5 6B ETORBMMICE LT, Table4 1 KEYT 127 -~ 20K
ﬁﬁﬁﬁﬁ@éﬂtﬂﬁu%txau,fvyﬁvmwﬁﬁigﬁg.ﬁoyﬁv@m&m@
X, RENARBAT2 2 L0, BHEAR]L, BICL KX ->TH -OFRAZREIT L LI
L Ko kM OEBAENAC ENTE LD ICHESN TS0 851, Table
f 41¢®®kﬁ?;5k.%ﬁﬁ%l@??/ﬁ75$¢@3$%kﬂf%ﬁb ®E A BE
?tavxﬂv$ﬁ®m%£méﬁtaﬁ27 —Z2hEEh Tl d.
ARBEBRI V=T 27— 1 /68BTHEM, F7 yavAERERABICELTH
HE DL OCABKTFEShZEA20EBRST S L2 ER LTHE Lo
HEORBERCING, ZEESEESEBENBORFOL ETOHR B F Y& ¥ 7135
L, P AROENEB R LT AT vy v ~OKEFEORBHEAX LB EEDA T 5o
FrEVIIE, FO VAT HOCORIROREE & >l & LTREIOHB LBE & ORD
FHENL TR, AV HTRCARENREL, ChICE>TH Y Y A7 RICT — VKD
S EERTH B T, ERAOHRMICHE > TRET IRBOLHICT —VEEHS LT 7 -
M. <y PEECHNAEESAND e EMAR—F v ne AR OBRIC NI, F
X VI ORERBE S - VEEZOBD ST A FICLOELRTEL, Ry PEARCEEH
ﬁhbf%30@/m_%cuT155y
—H, 27 2 T/@vwc#/aﬁm&kkﬁéMx IR (EFOBRMESICLET
DHFOVﬁﬁ,50Vﬂ7ﬁ@300m,ﬁOVﬁ?iﬁ%%57$)fi,tb6%ﬁi
BEE LR ASBER DL L TF Iy Ao AE LTS — A OE HRE ORE KA X2
A Lite CORBKOTTR, F34vzvphbftiBshiZR @A~y tEHOCAIRER
BL, 7—KDF T v e H~DRREE > CODTNTH S |
ARBTRCOLINEREERL, ~V M ENRAEBREL2 0Okg/m —sec ETHL
| T 3BRBICEMEES L IFE LT,
: Forn~vonBRkRSE, KE @&ﬁ?ﬁﬁﬁh%b%b@ﬁ@%l/ﬁabfzﬁ%
| B S #A T EE LT
ZEHICELTHE, %m@LOCAﬁ@%%ﬁmﬁ%aﬁﬁmkmEuhw%#a R
P I AVRETAASICHEE LS/ EO 2 BRBAHE L.
Table 42 KEMSNLRREHOENETT . AATRRELR BT ) 71 ZBCLD
M Lih, RRABERNOENRENE L, BMARL (5AFY v h7) ILL SRR

'rcwnﬁ@aﬁu.bﬁ@@BWR%ﬁ%fm—f@&ﬁ@%ac%msnngaféo,:namaﬁ%#uB
WRAEE v —F LOBRICIORES i,
—15—
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CUHREORAESRELERT L EMTEUAM > (KPP Case 07 HELY Case 08 )o
%Eﬂu.F54¢i»®§ﬁ%019rvlwuﬁiiécamibiﬁéﬁﬁﬁ.ﬁﬁ
MR O F 54 9 L VN ERAEN—ECRODIC, ¥ LLHEOHEEZERSNEL > 1o
SN GBKBCE L TRABN KPR EThE -1, REORRBLUT ) -
Rith OEE FRICX D, Table 42 AT EICRBICI>TRPPEA LT

Figs-41—412 CERBICBAEREA (VL y by I ARKRMBES ) BLU T -
KB OEMETR T MERTLEIKT—VvACERE LRIE—BRTEL, BARSE D, To0d
AT B KEIEOHAA (T6 ) FHoRLVECEAELA L, REERIARNTS
S tre b B. F YT MO LD EHFOT L KOBEEHBTUN e TNEORE
A EEE LT, S kDT A VFREIC b LS5y oy h v NARERRE LB Lo
C DR E Table 42 KR To

Y Iy P IASHEREAR, T-VvEEERICLAERASEORN, BLUTLF T,
FAT 756707 HERABLTOMAIED, BELHICER L.

LT TRENTASI P VEEIGEO7 77 ORREMI B 120, Table 43 £IN5
DT F T BTARE I —L T —VERE(F—VEGRETIOKLIORER ) OBEEERL
toﬁaiﬁ.Fm.¢14®7v—b1(&000&c—&820%dﬁﬂ¢5THWE
Fii41CTHbo

4.2 RFHER

421 Case 01, Run 21 6
Case 011, BMBEBL (F7 a1l RKYZHD, FovhvREIERER L2 1
ke /of —sec LIS v THO, BEMAFYF V7 HBEESNK, Fig- 413 LHEOH
ARE LI, AUV HTROBREBRMADC LG HONS 38 0mil bicE L, BEKY
(RAE#EIIPL LI EONSS 0mTHORKELL. F 7Y A~7, ULy P TV O
Q. BORAA I ROENEBAEH>TOE L EHBEITHY . TNEDENA S
OREL, KNFT vATHICHALRULDARACAB LTS,
Fm.¢14*&17K.ﬁﬁﬁ@&ﬂﬁﬂﬁﬂ%?éﬂvl4ﬁFW%Eﬁﬁ&ﬁ?mF
SAvzAREN(P]. Fig- 41 4) KHoNBERHEHOL —7 (2Hz ) XF V¥
vy ORE LEBHARLTOAD, Fig.- 413 o6& hhn5d LD HMERIVER T,
OlerIWﬁﬁ%Eﬂ(Pz.Fm.415)Mﬁ%mﬁgﬁﬁ%ﬁb.ﬁﬁﬁﬂﬁMF
A IADERE—HTDe THOEFYEYZILELRIT -V KEOEFHICL > TS
HEEAAES LCVWECEERTe ¥ v a~REN (P33, Fig- 415 )i, 2RICE
A IR RIEN L DECEE (F ¥ FEAREONT R P VEEC LTH 26 ) ER
L. i Es BE S oM LT b 77—V EHEN (P6 . Fig. 416, #7977
THOLr~L) THEEAEBRINESICHALTWEY, Fig. 413 mhAHEDOIDL L
5m,%%¥vf%ﬁﬁmﬂﬁ¢5ﬂﬁMP54oiw.ﬁvvﬂvxomémofwwﬁﬁ
(P10, Fig-417 )T, BMBERLKR4E4BLTERARKKS ORBLUE LR T D,
—16—
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FA S EABEEERSASNS N REE (P 6 ) EMRTHL VN OENRE DRE
17 —VIEECEAR LD, KEIKHESICBRENS BRI, EHLEODET»S 1 2 0nn it Hl
H(P9),BLC¢1000mOiAmMA (PT7) K20 THARI b AFFET >ILBERT
BERAHEE Lo BEINS ORFOAIXAKLICRINT S

Fm.¢18—&21m;2O®Eﬂﬁmg@@mm§$;0ﬁgmvz&ghw%gﬁm
AR . M., MENTRARI P VEENANIOERBES CE UTHHEST Y ¥ L 0ED
ArdoiEd., (BIERTEICIBESHDOI e~ v YZPBENILE2ERL, BT X2 THE
F_ 2 EGHOR THUESCIIRTORBAZ YT S, Fig- 418, F74 720
LR AT IlBMTARRTHAEN, A 0Hz BEABRTE, ForaewlHLTEIAY
TAAEHENEBRS S B OonTHY, FYF Y IBROF 7y AvAEIREED
W LT FI A s —BOYF— s LTH CEMRENT VD, ARICFig. 419
i, AU AR EBREOMEGEETL, SRHBRNSCE LTREROSTBF v v AvA L
DRIAEMEAT VS ENEAIRNE, /o, F-rildsgmt 2Rl ( Fig.- 420 ).
BE -7 - VERBE (Fig- 421 ) CELT, MHZELARMRTARTTHE ., 7 -
HOEHNRDMHEMETH LI LERT o

Figs.- 422425 GHMAMOIE—L YX4RT, Fig- 422 ERTLICFT
4o znégy s ae@oae—r yRAGERBHERTEC, AEB oML LHIZ (BER
I )BT B FU Y v LMEE (Fig. 423 ) THHICL0-50H, ORFO2 € —
Ly RMEL, FYE VS EERASCEARBERO e — L Y ASBEL. TN OZA
B9 (Figs- 424 —425) 03— YRFELALLOKES

422 (Case 02, Run 2114 _

Case 02, ¥9 v I~HNESEBRELH35kg/nf —sec KEMSELT Y THSo
Hior -2 EEBEICFYE yIH@BEINLN, Fig. 426 IR TXICKRAMKIIS
38 0mul b FACETIVABRSLNHY, B0, LT —AKBOER L LB, &
INFTHNOLREORENERICE o 7~ VKR OENOHF 4 Case 01 (Run 216 )
t%ﬁ?%&.2N47®%E&E%ﬁ&®ﬁﬁﬁ@(Uy#yf)ﬁ%ﬁﬁ5caﬁﬁ&w
THH, RELPLPHEALT L %,

Figs- 427 —429 KA73<7 pEESHOHARRER T, FY+ v/ BEAE
cme01@%%&D@©%mb,%25-30Hzf&50F340iw.¢0yﬁvm®
RS P ABEEOY - JifliCase 0.1 OBALAKSHETHY, F IV ITDOHMBEF7
Aozt kE N (H2E) CebRABTH L, 7 —VEE, EETE, 77—V KRS
TOCUTFOEA(7r—£1—4), 20—-25Hz BEOSRB®RSEZHE L, ThidFig-
426 IHONARBROABEBRIC—RT S, 77— VHEADNT AR pVERE
Case 0 LIS BNRTHMEDRE, P—JHEELTH2ENLLOI[/ICET o

Figs-430—-433 WHAERSUHESNT7 ZRI PVvEBEOFH AR T EELAM
HCase 0 1l DBALABETHY, FUYATIEHLTFIA4 vz, 7 - VERCH
LTI v h=ehs, ThEhUHEEBRERET A eMREAT VD By — R LA, 7 -V

—-17-
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HESHONAETIRELETH S,

Figs- 434 —-436 o - L Yy2OFRBRERY . LTENEAME Case 01 OHE
CEBETHAN, ERCSRABHR ORBESEALLLHOETOEEVBEL L, L ZHEF
SAT TN LTy h<BOe—LYRAARKHA0Hz UTEBLDTHELOEOHEAE > &
NELARNE. FYX¥ v IrBAERRSMIe—Ly + THB T i3 Case 0 1 DB/ LFEKT
HDo : '

423 Case 03, Run 215
Case 031, ¥ovh~HESEREBELTTkg/nf sec ELLTVYThHEH. KhBRIC
BT, (X771 K30 00) 7 —LVEBAEFOWL /216 ¢ L, EFLAFOD
ELREBAER Lz, 7w KBOBR EREE I E{ . Table 43 . Fig-43 &
ENBLIC, Ay —R2ICBT S~V KBIERRBEH2 0secTIOTCTIELL

Fig- 437 ERT X5, EAOEBRAZ Y -2 EQBEFCED, BERLFYF V7
BAHEHONIE . THLE, FVVYAZROKE EREAS . HiON5200mL XL IZH
LKMIEHTITETEILESOHTEINTHO, FO oy Aa<-ATOT[R (B ) ORENERT
5. BLEDEDIC, Kyr—20o#RUh, BEIAEOBRS LA LN 5 P PHAIN L Nk
HORLEAR LT VA, 7—VAOEHRBORBIIEI 27 —RIC 6NTH KX AL
N, BBOUVABRFLI(BRLTNS.

Figs. 438 —441 (/7 X7 tVEESHOHEERER T HARENE LD
L 20 secllBE TR -AKEBIRIOTCULECELTED, JOBMOT — 2 oo R
THAPGRIFORELSGET T FIATVIAMENOESHRET 2y —2LOBPLTED,
R AR AN LA b CRBEH N FIA IABRRICE s TR X HTH
BrEZOND. AMARRE 7~V KROERE EHKELCHPT A, Fig. 438 &
bALNALEIIC, BHEBEEATLEABRTL . 7 v ATHOEBKS DT AT PV
FELFFIAT IO L 0B EICEST S, 7=V BEOARZ PVEESHRI 7 07
HeldEAE—KT b, Thid, BIZHA—20FYF VI OFEIC, 7~ VEBHRHOFHHEL
CEEBEE SRR E NS L E B TH B, T-vEHE, PPRAARBERS ERL,
APICREHSERUANIEEH ERRERRI rAGFHERT .

Figs. 442 445 ICMHAESIUHERT ARSI P VEBESHOHBERRER T £
EaEEEm2 r—2LRABTH D . '

Figs- 446 —448 Kae—-vY2DHE#KRELTRT. FTELEREAE 27 — A EEE

T ERDLN, AUV A T LEREMOTIE — LY X (Fig.- 447 ) MEOABKRICHIZOGL

HARTHANOOHENTHD. /-, 2B, FIA4vzn, Forhz, 7—VvAER
KB AEARS O TE R A NEECEERERELZ (2 —L Yy THL ) I EPREL
PTHD.

424 Case 04, Run 217
A7 —2d, Case 01 SABUEILEREE (2 1k / nfsec) KX BFVTHE,
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Fovh~OPBRKEINRES.

ARBE1 /6 REOEBICIARRTHY, BBOFANEL, OHRKESLRBICEET
B LETX ot CORRB, ¥V AVEBKRSHENEHCEALZEIET LS
i%nm@atoﬂvz&yrW%§ﬁ$®ﬁ%m§F@.¢49—450uﬁio

425 Case 05, Run 218

K —2Zb, Case 01 EABAASERER (19kgmf—sec) KLB7/THL.
Ty b IASHEAARKECHERL, REANRIGRER LI 5XBETH/ L LAy
Bl & LT 5.

T RRY FAEESGEFig. 451 452 IORTH, Case 0 1 ORR & OMICHE
REREAEDNI KL, Case 01 TR —AKBBWTSTAE(T Lv—568)T
F— VR OEH OEEEEERSY ORDHEEICNLDOIH LT, By =2 TiR7 — & KE P
70CH E(7v—a6leg) CRBAEANSLHLATED, Th3EENOEAICLSE
MREOELOEELELLNS .

426 Case 06, Run 27 9

Ar—Rit, BMABI(FovAa<5K) 5B, Case 01 LEBRDOF Y v HwHER
FERAEB( 19k /nf <sec) FEB LTIV THD, Case 01 LRI L-THF I VA
AP ODRAF LI ELLBAMELTL S,

Fm.¢53uﬁﬁmﬂ%mﬁCﬁdaﬁﬂﬁﬁtfoVﬂvm®mm£m®m%%?o%
X TR E LTINAC &idCase 01 ERBETHEN, Fig- 413 LOMBEENTH
EHBELICKMORBIIEIDNEIL, BHEERNEROENEGORB NS e BE.
Fig- 25 KRT LI EREDIRDF T v H TS OTKM D BET > 1285, ThH
PDET Y HTHOKMERRZIRAMHETHY, TS5 KDL Ty HZRTEMBEOKLE
EE LT EELLND. _

Fig.- 454 -457 IZAT7 AR tVEESHOHERRER T F74 7T VAIETIKE
HF v £V 7 ORE LEARE (W2 —25Hz ) KHETARS BB EHON DL, THLUN
DR EE DD THINTH S Fig- 454 (continued) KRFTLIEF ¥+ v 7 OFMAK
2 Case 01l DALY BB THY, F+F Y/ ABKE7 — VKR &L SIKHAMT 5o ¥
TRy PVEEOY —7fEidCase 01 ERIZESTH D v T v bV AKHEBES
L F v F U /rABEKRSNERATHY , 5 KDY Ty ATATHE LIKMEMPBET S
CEWN LAY —VEEOLETHFAHEENLESHSHCVELEI EERT 7 YV ATAHTH
EEBHESNROREA L, T AN PAMVEEOE—JfEIEICase 01 OBE LERKRTH S
:nmﬂbf.megﬁﬁ;ﬂﬁﬁmﬁﬁéﬁﬁqu.ass.&57)%C%e01®
B (Figs- 416, 417 ) EHEBETEELE, Ryr—R20AMNECIEBMENTHEL. T2
LR VERENALEK TS L, BUMNBBATHSMEALLL 0fFCase 01 DH MK
AT RRYI PUVEEAB LN TS, £, Case 0 1 ODBE— VAR ORBHRS
BT hstl OHz U ELOEBCHEOEHLT, Ay —X0HAE, BHz +—FOHEHECH

=]
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B— s MBEH LN EANEERNTHE. 1AL Yy I~ OBALEAKR, 7 -+ ROEHRE
ORBRERTREAELLTD, KEKEISCRERDPT 5,

Figs.458 —463 IKNHEELLTFHRE CT7XXY7 bVvEESH OFEHKRE T F
GATINEFT Y ATRF X Y S AERCE LTRIZRCMTHE M, 2 0Hz UL OK
BB LTHI AL HESTRT, Fig- 459 32KDF 7 HA-AROREHD (P4, P
5, (IEiFig.- 238 ) KETAIMRTH L. F+F v /VAEKICBLTRRATCETSHD,
Y v H<RKMOEH & —KT 24, 15Hz UEORDPICBULTRRLAET ¥V LA
MEARL, 50-60Hz ¢4 SHBMRSCE LT HEET OMICABEIES LDHLN
e BRI, FUYA-R (PS5 ) LEmM(P6)ICHTEIRAR (Fig- 460 ) KRBT
., 30—-70Hz OERSICETAMBERIISCDEMNKE 1, Figs- 458, 460 %,
Zh®hCase 01 (1 XL T vyh2 ) ICLARKUBERTHAFigs.- 418, 419 LH
BT EMEOEREMOENTHD. 7L AD2AMICH T AIME (Figs-461-463)
d, 7=V RICEIEZEAREN, 1XS vy HA-OHRGLABRCREALERMHBETHL I &
R T o '

Figs.-464 —468 Ilac—LY2OAR#RELRT. FI4 7T dvra~
(Fig- 464 ), 2K0# v+ (Fig.465 ) WKBLT, HL5Hz U EORS O
E—L Y APENTENBERNTHO, v rheRN &7 —vEmid (Fig. 466 ) @
JE—L YA EFABIKEL,. Case 01 OBR (Fig. 423 ) 2BEENLEL7KY. Figs.
467, 468H 5N BZLH, T rvAHO2HMOIe—v Rl (Case 01 DHE &
DPPEVLRIEENMIC LI ICHEETT .

427 Case 07, Run 28 1 DR

Ay —ZTE, 40kgE/ nt sec BEORIERHEAHE L LIoH, EHRCENI 1k
St —sec BEIL L Fafio BONIHERIIRICK T Case 08 DFA LAEMLL, Figs-
469 —4T QAT AR PAVEESHFOHEERETMERTICELED Do

428 Case 08. Run 28 2 7

A4 —RATIk, #16 0kg /nf —sec DERERFEEABE L Loy, EILBERNOENEX
DI, BEEICHMISKE nf —sec KEEE 1o A TEASY—RLERXERMABICHE LT,
1E£ 8 v hH<ictBCase 02 {(Run 214 ) EAFETH S0

Fig: 47 1 URTEICF »+F VI HBRE SN, Case 06 LMK, 5§77 V77 HDKL
L2 ERRMB TH ~1oh, ZAEBEEORACHRIB LTE Y v H =R OFHKMFET
L, hoF +F Y 7HBESEMLULE (830 —-35Hz Vo BN BER2ATEIRG D
A Lico Table 43, Fig. 48 CRFT LW 35 sec T~V KRMS8 0T
Zh, 40secTYO0CEIAN. LT, UTOMIZENTI L —A6LHIEIF—2LLT
HPPHETHZ. _

Fig- 472474 iCn7Z2RJ PAEEFAEOHAHRET S IR DL 3ICF v &
AN ICase 06 LOPPHML, FI4vzn, F9yATRAEADONT AT PAVE



JAERI-M 8667

B h 2 iC AL T NG 1A Yy a<ilkdCase 02084, 77— V&R, EROHK
HICH20-25H: OHBRS MBBEINH, A5y —-20HGHWI30 -5 0Hz KNI T
WL E— I BEETEHOOERNSS, Bl (P6 ) IKE LTCase 02 o1/ 5,
EGE(PIO)CHALTHIIORETH S,

Figs-475—479 CHMAELSIUHEENTRARI FALEESHOHEERETT -
Case 0 2 DR & OMEIL, Case 06 £Case 01 DERICBLTRRLILLEARTS
Do dHDLEFIATINEFY vV, 2ADF T A=fHICB LT, #15Hz £ EOK
SONMHEN T VALATHED . Fo VAT ET—VvEBERIKE LTS, 30Hz A EDKSEI,
ME 7227 rvEBNREENASSESZRTICbrLDO T, BITT Y ¥ ALMEEEZR
Fo FAT—AATRERAM, LFHB&ESIMBERIEDHTE |

Figs- 480 483 Wat—LYROHEREATT. CALQEMICOLT b Case
06 DBAELAKRTE S

429 Case 09, Run 280 |
Ay —RiE, 1AF 7 v H=ickbCase 04 LEKk, ¥V v A~ RKkBEs2 R sH
17 v T&HV, Case 04 LA, BXYy —RCOMOHBRLEREIALIHOSNML . Figs-
484, 48527 2A) rVFBOHBERRE T T

4210 Case 10, Run 27 8 .

AKir—RiF, 1HZLTvyH=ilrbr—205 LM, 729 b7 v[ERL KT ICHK
L1cd v THBe NTRARY PUVEESHOHER”REFigs- 486 487 iZR7. F7J
{ozn, FUYARICONTE, Case 06 LB THEA, ¥ vAET (Fig. 487 )
KBTI —20Hz fIECY—=28aoh, Th3ENES OME (XEK. 1. Fig.
515 5% )AL yFrroRgFilwihdTseEionio

4211 Case 11, Run 277

Ay — 23 BMBERI(SERLY Y H2 )DLy HvAd A Table 41 OB DL D
AL, 2ADBABHIESH, FU A1 A0 0EBERFTR (H50RA7 —vREM)
EEMZELFTVTHY, FIVH-NELESEB IEEN/IZMHE (2 0kg/ m —sec) &L
T 5o

Fig- 488 WRTLIEF+FYIrHBEEIN, 2RO Y v AAOKMESIZIEE
GHTH 1208, BOOMMELCRIBOEENE EdON. F7 v hv 1 RS LD ORM
BEEBASVEHICFIAvLn, F9 v avROENRGOREI/NE L, FT7VvhH=R
DK EH, FO0LD200mER, HE5 0I5 0mTFHEITET A2 EBEBENENTH 7.
BE, IO ATERKBEN2ETH L2, Table 43 . Fig. 41 LIERT LI, T - K
BREAIMOr —RELBELTYWEPNTH S

Figs.- 489 —491 K77 b VEEOHERERER T F+F 7 HEREA20
—25Hz TCase 06 ERBTHBIM, ML T B F74 730, #F9YheAREHDT R
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Ny pAEEIECase 06 DBAEOHWL /SUTTHD. F—VAENKBLTIES0-60
Hz OESMREBNTHO, N7 AR P VFEEORKBEEZ Case 06 S BT 5, BEHE
(P6HIWELTHE, BRRSANOLAY —Z20FHAPL9A, E@M (P10 ) ICH LTI
B 754 L Case 0 6 DFAPRATHO, 7/ Case 01 —Case 10 LB LTHENS
RELTH . BELEBON?7A2 rvEBEOEXEARF LI NN b. 27T,
BEEHLFOFEAHMA (PSS, PB I, AL ZKDSLY vy~ HOKOVTALAL, &
fo7—nm EHAAF N ORBOEMMEIAHTH: S,

Figs- 492495 IKUMELSIUCHE ST AR P VEBEOHEKRERT. F7 4
v EF Ty vl (Fig-492) TiE10Hz Wbk, 2K04 7 #~<i (Fig.493)
THF«F Y IABEEARC AR MER CHBERRBR I VA LU AT T, ChCH L
T, #9 v AR ES—VEER (Fig. 494 ) @EALTR, ME 7 X7 r vEENE —
7% & %550 -55Hz OREENLENNS, HOEFE23 08P 0. -~ ROKE IR
HIFREMETHLIC LR, 1LKET v A", 53XFT A OEGERETH D,

Figs-496—-4100 Kat—L Y 2X0HERREERT. EEMEAME Case 06, &
LU Case 08 OIB3& & AKTH 5. | |

4212 Case 12, Run 276
A —2ZdCase 1 1 2RABERLEHTIL s b7 T VRABBALARKICHB LI v ThHbdHo
Figs-4101. 4102 (727 pvEESHOALTRTEL, Case 11 DR LD

R B SER LA LD DI,
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Table 4.1 Proposed test conditions.

DISCHARGE  CONTAINMENT INITIAL DOWNCOMER CONDITIONS

CONDITIONS CONDITIONS

Downcomer Wetwell Pool Initial
Steam Vel. Pressure Temp . Rumber Subm,

Case ng/mzlsec) (kg/cmzabs) {deg.C) (m)
1 20 2 10 1 0.50
2 40 2 10 1 0.50
3 60 2 10 1 0.50

4 20 2 10 1 0.675
5 20 1.03/0pen 10 1 0.50
6 20 2 10 5 0.50
7 40 2 10 5 0.50
8 60 2 10 5 0.50

- 9 20 2 10 5 0.675
10 20 1.03/open 10 5 0.50
1 20 2 10 2 of 5 0.50
12 20 1.03/0pen 10 2 of 5 0.50

0
270 —90

Scheme of downcomer blocking

for Cases 11 and 12
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Table 4.2 Test conditions for performed test runs

o ‘I§N;TIAL COND}ETI?NS DOWNCOMER CONDITIONS Rated Steam Mass
coe to. o EETI Aepice Pl S pher Sibergnce  {efactty
1 216 1.62 -~ .35 1 0.55 ' 21
2 214 1.73 16 1 0.55 35
3 215 1.53 27 1 0.55 77
4 217 1.48 28 1 0.74 20
5 218 1.03 {open} 28 1 0.55 21
6 279 1.59 26 5 0.55 19
7 281 1.48 24 5 0.55 i
8 282 1.79 25 5 0.55 35
9 280 1.52 23 5 0.74 19
10 278 1.03 {open) 43 5 0.55 18
11 277 1.82 25 2 0.55 20
12 276 1.03 (open) 16 2 0.55 20

Table 4.3 Nominal pool temperature vs. frame no.
(Temperatures in deg. C)

Frame No.

Case No. Run No. 1 2 3 4 5 6 7 8

1 216 41 48 55 61 67 71 76 8l
2 214 24 35 51 65 76 85 91 98
3 215 40 51 63 73 87 96 100

4 217 34 43 50 57 61 66 70 7J4
5 218 33 44 51 58 65 71 76 8
6 279 3 40 46 52 59 66 72 I8
7 281 38 48 58 67 76 82 88 93
8 282 40 50 61 70 79 8 8% 90
9 280 38 43 48 54 60 65 70 93
10 278 24 30 3 42 50 55 63 68
11 277 33 36 39 42 44 47 49 5]
12 276 25 29 32 36 40 43 47
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RUN 216 [Drywell
N [T e
' Wet well
Alrs%aﬂce
‘M | K)“"\\F'/A I 1 Y 'Y
\

Inside Downcomer

PRESSURE

0.4 Kg/cm?

~

]

|| Pool Bottom

Dry wet

02m

‘l N ‘ above
outlet

&
3

i above
\__J outlet

\‘ . - J 0.05m
balow
outlef

‘ 2550 T 126_00' T I265Ol T 1 o7
TIME (SEC)

! " ' : w ' ‘0 38m above outlet
T

LEVEL SIGNAL

2!

Hb

F
2%.00 '

Fig. 4.13 Typical wave forms of pressures and water level signals,
Case 01, Run 216

pool temp. = 60 deg. C
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RUN 216 RESOLUTION = 0.5853 HZ
P1 : DRYWELL AVERRGED 4 TIMES
3 ) T ) 50.787 - 57.607 S€C
<
8
o —— = T Y T =T Ly
$ 43.960 - 50.780 SEC
Q
S-L_‘
c L — _l
:‘; 27.133 - 43.953 SEC
Q
[T}
g
e - = — —————r ——— —
E." . 30.307 - 37.127 SEC
(=]
w
8
= ; S ; —_— = = ; ; 7 7
S 23.480 - 30.300 SEC
]
g /\\‘
e ; ; = e = T
c":} 16.653 - 23.473 SEC
<
: /\\‘
o T T Y T T T T T
$ 9.827 - 16.547 SEC.
Q .
g /\\,\
e > : ; — = = - ———
3 3.000 - 9.820 SEC
Q
g k
b T T T ] T T T T T T T ¥ L 1
0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00
FREQ (H2)
Fig. 4.14 PSD functions, case 01, Run 279
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RUN 216 RESOLUTION = 0.1485 HZ
Pl : -DORYWELL RWVERAGED 1 TIMES
pa] ’ ) ' ’ 50.787 - 57.600 SEC
2
o~
e b T - T T ——— T g T T
P 43.960 - 50.773 SEC -
g
("}
g
=) FaN —
" T L ™ E— T — T T T T
a 37.133 - 43.947 SEC
&
o~
g
=] e = T
Y 30.307 - 37.120 SEC
2
™~
3
o —— ¥ ¥
P4 23.480 - 30.293 SEC
G
Y
8 /\‘A'\/\f\a/\_*/\‘
[=] ]
3 " ' 16.653 - 23.467 SEC
<
(]
o A hd T T T T ™
pas §.827 - 16.640 SEC
o
o
g
o == = = — = ; —
by 3.000 - 9.613 SEC
e
uy
8’ A_AM
@ T T Y T T T T T T T T T T
0.08 2.00 4.00 6.0 8.00 10.00 12.00 14.00
FREZ [(HZ2)

Fig. 4.14 (continued)
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RESOLUTION = 0.5859 HZ
AVERAGED 4 TIMES

50.787 - &7.607 SEC

43.960 - 50.780 SEC

RUN 216
PZ : WETWELL AIRSPACE P3 : INSIDE DOWNCOMER
2
g
8‘ L
e ——— T —
g

37.133 - 43.953 SEC

s

1.0-03 0.00

2.0-03 0.00

—_—— 7 T

30.307 - 37.127 SEC

= T
23.480 - 30.300 SEC

o S el Sl et e e

S pp—C—
T

5.0-04 0.00

BEREE

2.0-03 0.00

—
——7 T S

—_————

T T
16.653 - 23.473 SEC

r—
—_— e — 07— 71

g 8
) o i ——
T T T A -_— T T
-1 a 9.827 - 16.647 SEC
S &
w or
8 8
a a ——r e cxm—— —
t T - —p— =T T T
3 b ' 3.000 - 9.820 SEC
S &
n o~
8 \ 8
= t T 1 e T T T T T T T L) T T T T T T
0.00 10.00 20.00 0.00 10-00 20.00 30.00 40.00 50.00 60.00 70.00
FREQ (HZ)

Fig. 4.15 PSD functions, Case 01, Run 216
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RUN 216 RESOLUTION = 0.5859 HZ
PG : WALL (EL = .B M) AVERAGED 4 TIMES

T T T T 504787 - 57.607 SEC

5.0-04

T T T T T T T T T T A — T
43.960 - 50.780 SEC

1.0-03 0.00

37.133 - 43.953 SEC

5.0-04 0.00

8

3 T o ' T 30.307 - 37.127 SEC
e

8

[=]

o 23.480 - 30.300 SEC
e

8

° . ——T

b1 16.653 - 23.473 SEC
&

i

W«NMM\M'\/W\\,MM
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