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Evaluation of Primary Blowdown Flow Rate and Vent Pipe Steam
Mass Flux (Tests 0002, 0003, 0004, 11061, 2101, 3101 and 3102)
— Full-Scale Mark II CRT Program Test Evaluation Report 1 -

#
Ken NAMATAME , Yutaka KUKITA and Isao TAKESHITA

Department of Nuclear Safety Research,
Tokai Research Establishment, JAERI

(Received October 11, 1983}

This report presents calculations of primary blowdown flow rate and
vent pipe steam mass flux for seven blowdown tests (Tests 0002, 0003,
0004, 1101, 2101, 3101 and 3102) conducted on the Full-Scale Mark II
Containment Response Test (CRT) Facilty. These calculations were
conducted to aid analysis of the test data by evaluatng these
quantities which dictate the containment thermal-hydraulic response
during a blowdown.

The blowdown flow rate was calculated using the RELAP4/ModS computer
code. Some of the RELAP4 input parameters were adjusted so that goed
agreement between calculation and measurement was obtained as to
primary pressure, vessel void distribution, and vessel mixture level.
Such input parameters included flow loss coefficients. bubble-rise
velocity and bubble-distribution coefficient for the vessel water
phase, and nozzle discharge coefficient used with the homogeneous
equilibrium critical flow model.

The vent pipe steam mass flux was calculated by a simplified model
assuming that the discharged primary fluid expanded adiabatically in
the drywell and formed a homogeneous mixture of water and steam 1n

thermal equilibrium.

Keywords : BWR, LOCA, Pressure Suppression System, Mark II Contaimment,
Blowdown, RILAP4/Mod5, Vent Pipe, Reactor Safety

This work was conducted under the contract with the Atomic Energy Bureau of
Science and Technology Agency of Japan.

* Institute of Nuclear Safety, Japan.
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Table 2.1 Characteristics of test facility and reference BWR

Full-scale Mark 1II Typical 1,100MwWe

Primary system ' CRT Facility BWR (TCKAI-2)
Coclant pressure(MPa)/temperature{°C) 7.0/286 7.3/289
Coclant volume (m3)/mass(ton), steam 14 /0.5* 250/9.6

water 21 /15.5% 374/275
Number of recirculaticn lines/main steam lines 1(Rlowdown line) 2 /4
ID(mm} of recirculaticn line/main steam line Max 240 610/660
Total coolant enthalpy(MI) . 21 380

Containment
Design pressure(kPa)/temperature(°C) 500/150 385/171 (104WW)
Drywell volume (m®) ' 329% (5918} 5400 (including VP)

255% 187
. 3

Wetwell air space/wetwell pool volumes(m?) 2591)/ (3371) 5700/3400
Number of wvent pipes 4 - 7 108

Vent pipe length(m)/ID{m) 14.0/0.59 13.5/0.59
Nominal vent pipe submergence {m) 3.4* 3.4

Total vent pipe flow area (m3) 1.91% 31.55
Wetwell pool surface avea (m?) 24,81 (447) 450

Ratios
(Blowdown flow area)/(Vent pipe flow area) 0.024% 0.0093
(Wetwell pcol surface area)/{Vent pilpe flow area) 13.0% 13.4
{(Drywell wvolume)/(Blowdown flow area) Min 7.27x103% 18.5x107
{(Drywell volume)/(Wetwell air volume) 1.29% 1.32

% : Test parameter
( }: Values multiplied by 18
WW: Wetwell

VP: Vent pipe
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Test conditions

VESSEL INITIAL

Test BREAK CONDITTONS CONDITTONS Date of Reference
Nozzle | Drywell | P Wat Perform-
Number ozzle rywell,| Pressure ater JAFRT-M
‘Diam Prepurge ‘ Level ance
(mm) (%) (kPa) (m)
0002 100 0 7015 6.28 2/21/79 8598
0003 100 0 - 6976 7.35 2/23 8761
0004 200 0 7005 6.89 2/28 | 8762
1101 200 0 7020 7.17 3/30 §763
2101 74 0 6966 7.99 4/27 8764
3101 74 23 6887 7.79 5/25 8665
3102 200 98 6966 7.73 6/29 8765

: Drywell air replaced with steam before

initiation of blowdown.




~30m

DRYWELL ~5400 m3

~18 m-
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/\CONTMNMENT SHELL

| » @

REACTOR ~3300Mwt

FEED WATER LINE
3 LINES, 0.28 m ID

L |

RECIRCULATION LINE ili II ili

2 LINES, 0.56 m ID

"MAIN STEAM LINE
4 LINES, 0.59 m IpD

VENT PIPES
108 TOTAL, 0.6 m ID-

WETWELL AIR SPACE
~4100 mA

bt bl L
' SUPPRESSION POOLR.
~3400 m3

A4

~26 m

LS

Fig. 2.1 Cutline of BWR Mark II containment,
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Fig. 2.5 Outline of blowdown nozzle,
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(i) FEHBEBADIKA PVLS - 001 ~— 006 &= PVDS - 001 ~ — 006

e oEHMAEDONES Figs. 3.3, 3,457,

PITiB A DT A =IO THREOTEERT.

3.3 BHRBEMRE Coyr C(op

RELAP 4 /MOD 5 IC L BETETIE, Y+ v va Vit 2RIERERE, ANTELS
CEMTELH, 5 FNTEH, BEERHEOL Y ARNOBEALEZFELCHFREENT
BoT, 70—y VEMAEBELTEE (ANF—-4, 50, 3 FATH)a-4
DUy e Y F - AGEHTETAE) Thi., LEDR TR TR, Vv ¥z Y TOE
RE(MDOAREN]T L, J3D ¢y, Cpplc20 T, BBF-sEolE»I SR T -5 T ]
RIOFZIE R 2 MR RIB R R sk, chEANT-v&F oL ELT,

+iht, HEEBCEESPYPS -001, BPPS -001 3 L0 BPPS - 002 81 L T 545,
RELAP 4ic X 238, V1, V2, V3IDEANINSOEEE —HT 5L MIERFHE
Con» Cpp PEAERIE L7,

AOBRRKBOBEGONY, REEEHNOEHRAESRKE S, BAREOEPFER(RES &

P 12i
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£ TEST 0004 (BEMFIIFE 200 mm) I THE L, gy = 07, Cpp = 10 DEERH
Fig 3.810, Cuy=07, Cpp=10%ANLAHED Test 0004icEBFAV ~1, V-3,
V- 4 OFENZE(FIEME, PYPS -001, BPPS - 001 LU BPPS 002 i L 6@ T — 7 %
Ao BUChy, Cps 2 AT LIESOMD 200 mm OEHKEEE (TEST 1101, TEST 3102)
CBFAENEOHE@EERBRT 4 b, Figs. 3.9~ 3 10I0mRd L2 CEC—H L7,

3.4 SUBDHEHRHE Co

SR Co BB TOREHANBIITLRTARETSHMICET L8, FERaD A
DA BT EWIKOLB T, RELAP4 /MOD S5 THARRC LI KERERINLTHES CHE2) Vol
1. Subsection 3.6.6 @ (128). (131), (132) XL OHHE) .

Z
Zm

= « [2 —-C
Ao Fa (2Co ( )+ (1—Co]

. 5
z

Co MEELTIROS ~10BHERINTH 5,

FREVHLHAE LS, RBPOESA A FRa DEMDOARHKEOES 2n 1T L 5T
RAES (2/20) DEHE LTHRIECo 2RDDHTENTE S,

EFBTE, Fig 330RT &I KENEBOGSFROLEZAELTED, D7~ ¥
7 kDK O D oI o WTE N FNOETEIXE O R 4 FREFERTE S5
AR A FEEESORT L DPORBIC OV TERT S LD F A FROF ST
DRTHEERHD L EDTESD,

5 - 4 D—F% Test 2101 @BEIT>WTEHNDF—4 (PVPS -002) LK Fig 3.5
g '

REFLEBFO L F L /ITORYEA FREKRD, ChzET L7 OPRRADEERELT
KEFOESHEDES FRAMGE T 0 — 50 VEBRBOBAE 5 A -5 L LTURLIZ D%
Fig 3.6 10RT. ABITRT L3, Tw- 5y vHkE Ro-RcELEPREEL, TO
OB ORE -, EHORDIERAS LRT AL LA FERHNL LS, EIT,
KOBEEOEBEIc 0T Fig 3. 7IRT . ARICRT X)L RDREHKCHEAE, 2B
Fir b+ FEHPEETHL, Figs 3.6, 3.TLOMOHALSCEREITRLHA FES
F5 R ERRR & HIC BN B, SUESHIRE Co id, AKKIIOMKESE<ETHE, 77
RELAP4 /MODS5 Tid Co i —EfE & LTERESN TV S, JZTRYUE HABICH- TR
BRR & & bic b A QAN TR BB AT RIE N0 5 & & L Co D% &3EIC
SnTEB I b DA, HOAT ST A =5 EHIT Table 3.4 17 F, ARIRT LI, Cod
X RIOVEBEEIC U NOREE DA A E > TED, A/ NTRENT D 707K
AR, HEAO LRICEA5KEPRES NI nEEbR b,
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3.5 SUGREBEE V;

SRS V, R ICEAREN GIEEFA0 V1) OKBAOFEE o4 ) 7 4 KHET
Bo

T AT TR LA, BEEF -2 iICLDKBHDESAREDFA FRGHHBEL S0
VBT, BEFHARMOESAERLLEEEL RO B LICLD, KEZOFH7 A
FADRE L, COXHICLTHRET — 4§ hoRHIEE s 417 4 ORMELEARFRED
BITH A EON S L 57 Co DEERTHBEC IR, ¥R Table 3. 4ITRTEDT
B0, SesEE R OZSAS VBAEAEUES LD, 17~13 1t s OWWTE -
foo COOMENE, BRI K BHEEE 05~ 301t s DEFIZA TV D,

3.6 FEH Cd

T TR LT, s AAiCk T 3ERAOFREICE, BEPEERRE T AERV 1
sk TFic L, A Foudtain TAERRCRALT, AEBRER & HEWRIFE—BUERT Y,
OBk TS, £ dEERORRICE - T, RBREELEERO—BOESRELT L,

LT, AHEBRROEE, TH RBEeKicELT, HEEREIHRT -5 RS-
HELONS LS HHEEFHEECd OEERD

ThomS s, FTAEERNOHBROKMZE, Fig S5KRTEHIAFNEHENCELD
AR LR D C LT E, GREOBMMSICE > (THRERETIIETLHIEPTE L, L
L EESLEABAIETIEBICE, EEH L /RNOREOSEOEL, FILHHAICHT 5
LENOEE, FOMORKIEL - BEEHOFY 7 FABEORRE L5, FLBEBTOERIC
. EEOFRE I EHEORE SR OILEDFEPREN 5o

CHLDEAERL, Cd DRE S - Tk, RELSRHONIFNEHRNOEEORTH
EOSHTH, EHRBRNOTE A LUKMFICL - CGiHll s BaRIALBRL, Iho
+RTOBRICHEL THEHERERBREREDBIT SR oM 5 L5 Cd DEERDI,
Table 3.4k 5h7-Cd DEERT, Cd 12106~ 135 oA LD, BWEOROREVE
é®ﬁﬁ$$“(lﬂmﬁw)ﬁ%&%@ﬁ%ﬁbtoC@@ﬁm,%%@ﬂ%@%%w&—ﬁ
wa%oﬂﬁ,ﬁﬁﬁm.BWR%ﬁﬁLtEﬁ-EEK%H%&&E%&LT@,%%ﬁb
ISR T S I OKR 2 OEEICE L, Bk 08 200 mm 0B& oW T ETE
BEEG T F T AR M TR L, AT FAOBMAEEEEST S L TERSH
BTH 5,

3.7 stEsER
Figs. 3.8 ~ 3.141c, Table 3.4 TR /%7 4 — 5 OEERCIENFHADLY], HHD
B 4 Y F o4, BEAKEE XOHLREICT 5 R L SABRERO SRS, fAliRE

CDREERE EESLEHESNOEEAHEL, ChERERS LPENLLALDTH S,
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KHEEACAE I EEROESMRICEHR L THRE, FOREIEDEETL S AOTIKSEE
HETBHCL, BEUREOMAVNS SHE T LRI LD, EEIC L BREREOTHOBRE
PEBE B EEA DRI, KHEREC 0T, ARHOIRI >V T oL BREE L HE
EROHEAR L,

CHGORICRT &5, FABRERMOEE, 4 ) 7 ¢, BEKE, REAB XUKKH
RS OREFRICOWT, HEERIFABEEOIIRFL—BEDRFONI,



Table 3.1

JAERI~M 83 —18%

Junction specifications

Junctien Height* (m) Area (m2) Flow loss coefficient

J1 2.265 0.0632 cpy = 0.7

J2 9.350 0.0632 r =10

13 13.150 0.0632 tpp = 1.0

J4 13.150 0.00430 ¢ 74mm | Tests 21031,3101
0.00785 $100mm | Tests 0002,0003
0.03142 $200mm | Tests 0004,1101,

3102

*

Height above bottom of V1.
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(9.33m)

(Om)

JAERI—M 83 —185.

(13.30m) 1 54 (13.29m)
V4 4= N4 (13.15m)
{13.15m (13.01lm)
CpR
s3] V3
32 (9.500m)
(9. 350m)]
(9.200m)
V1
— V2 |82
Sl
J1 (2.265m)
BM (2.115m)
ajiﬁ Reference elevation for measurement
J : Junctiomn
V : Volume
S : Heat Slab
Fig. 3.2 RELAP4 nodalization of primary system.
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Fig. 3.3 Locations of instrumentation for pressure vessel,
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Steam void fraction

Steam void fraction
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0.16 | T T T T
PVDS- 002
PVDS~ 003
0.12 PVDS-- 004 218
PVDS- 005 LY
285
/425
0.08 b A %&—--}—-—-ﬂ 148
568
708
0.04 |- / X: a 75
0 | ] | ]
0 0.2 0.4 0.6 0.8 1.
Normalized height (z/zm)
Fig. 3.6 Void fraction distribution in vessel water,
Test 2101.
F16s
0.4 L PVDS- 002
PVDS- 003
PVDS- 004
PVDS- 005
% 105
0.3 F
x 88
A/
Fat
0.1 F é
A
O ] L f 1
0 0.2 0.4 0.6 0.8 1.
Normalized height (z/zm)
Fig. 3.7 Void fraction distribution in vessel water,

Test 0004.
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Fig. 3.8 RELAF4 blowdown calculation compared with test data, Test 0004.
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Fig. 3.9 RELAP4 blowdown calculation compared with test data, Test 110L.
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Fig. 3.10 RELAP4 blowdown calculation compared with test data, Test 3102.
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] T T T T T 0.010
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o Experimental
—-—— RELAP4
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| [ | | | 0
0 20 40 Time (sec) 60 80
] T T
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Blowdown mass
n 4100
L L | 0
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Time (sec)
Fig. 3.11  RELAP4 blowdown calculation compared with test data, Test 000Z.

Blowdown mass flow rate {kg/s)

Average steam quality of PV water
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Fig. 3.12 RELAP4 blowdown calculaticn compared with test data, Test 0003.
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Fig. 3.13 RELAP4 blowdown calculaticn compared with test data, Test 2101.
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Fig. 3.14 RELAP4 blowdown calculation compared with test data, Test 3101.
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Primary o © c

discharge flow @ @ ° e Vent flow

- ® e ° e
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Drywell
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Wetwell
b)
/ )
P rimavy
discharge f{low . Vent {low
M. U

Min Mout Mout

Hin Hout Hout’
Drywell gas phase
Ligquid trapped
in drywell

Assumptions.

- Drywell pressure= const,

»+ Saturated steam ~ const

- Negligible air content ~ M = const

+ Liquié phase volume < Vp.w. 1\./Iin; Mout
Negligible heat transfer I:Iinzflout

at wall and sump surface(éz gD

where, M : mass
H : enthalpy

U : internal energy

Fig. 4.1 Modeling of mass and energy balance in drywell .
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Fig. 4.4 Calculated blowdown flow rate and vent pipe
steam/water mass fluxes, Test 3102,
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Fig. 4.5 Calculated blowdown flow rate and vent pipe

steam/water mass fluxes, Test G002,

Blowdown fluid enthalpy (kJ/kg)

Steam quality in VP



Blowdown mass flow rate (kg/s)

Mass flux in VP (kg/m? s)

JAERI—M 83 — 185

500 : T . , 3000

400 F
Enthalpy

300

2000
Mass flow rate

200
100+
C ! | ' 1000
0 60 120 180
Time (sec)
200 , r Y T y 1.0
, 0.8
ualit .
150 F < 7
—> Reliable after
25 s
~10.6
100
1
Water mass flux 10.4
50
10.2
G L =10
0 60 120 180

Time {sec)

Fig. 4.6 Calculated blowdown flow rate and vent pipe
steam/water mass fluxes, Test 0003.
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Fig. 4.7 Calculated blowdown flow rate and vent pipe steam/water

mass fluxes, Test 2101.

Blowdown fluid enthalpy (kJ/kg)

Steam quality in VP



Blowdown mass flow rate (kg/s)

Mass flux in VP (kg/m2 s)

JAERI—M 83— 185

200 T T T T { 3000
L e———
150 F Enthalpy _
Mass flow rate
100 2000
50
0 | 1 | | 1 1000
-0 100 200 300
Time (sec)
100 y T | T 1.0
80 - Quality 10-8
—= Reliable after 30 s

60 4 0.6
“ Water mass flux

40 0.4
[:::::::‘

20 - 0.2

Steam mass flux
0 . L 0

0 100 200 300

Time (sec)

Fig. 4.8 Calculated blowdown flow rate and vent pipe steam/water
mass fluxes, Test 3101.
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