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Computer Code JPLEAK for BWR LOCA with Smaller Breaks
*

Masao YOKOBAYASHI , Hideo EZURE and Akimasa KISHI

Division of JPDR , Tokai Reserch Establishment , JAERI

(Received October 1, 1979)

This report describes an analytical model of BWR LOCA with smaller breaks
and then the digital code JPLEAK for application of the JPDR-II BWR plant.
The code evaluates blowdown phenomena in the reactor primary system such
as reactor pressure and water level inside the shroud.

In the initial phase, the reactor is divided in five regions. In the
course of transient behavior, nine analytical models are available combin-
ing phenomena in respective regions. Wilson's correlation is used for
bubble rise velocity and the void fraction and water level are calculated
accordingly. .

In application of the model to the JPDR-II plant, it is important to
simulate exactly the safety and control systems and the pressure inside
the containment vessel. It is because long-term transient phenomena
such as in smaller breaks are influenced by operating conditions and
signal actuation of the safety systems.

An attempt is made in the code to model a gillotine break of the
recirculation pipe as a large break. The code will also be usable for

analysis of very large transient behaviors other than in the above breaks.

Keywords: JPLEAK Code, BWR, LOCA, Smaller Breaks, JPDR-II Reactor,

Blowdown, Transient Analysis, Reactor Pressure, Water Level

* Tohoku Electric Power Co.
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VoW T gr Vs b= (h —hp YW — (b —hyp )Wy
— (b, ~h W, ., —2h W +Q,+Q, (2257)
D,d (222)KREFELTHLHAM,, M, V RN ET Do
M =M +M_, . | _ ” (2.258)
M,=M,, | - {2259)
V=V, +V, (2260)
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Ah =h ~h, TW, <0 (2261)
=0 IW >0
Vo =V TV LX) IW, =0 (2262)
=v, t W <0
d;?i:r(Ziz (2.263)
dh

32

G2 OoONnWTHEERE, &K, =2 »¥F —OBFEFAZHNT at oOWTELERRER
B,

dh_, V2 ap 1 M
g (b, =h  IW +(h, b X, —h JW, 53, T, 32

(2264)
5) STEP—~5
3 WHRAIME NS T EBSTEP—3 R TnD, MAERL, 2O THEE, &K,
A ¥F—OREHFERAERNT T LDOL LR ETRL,

h
D dP " fg - _
lz"affvfg {Vf(WFos Weiin Wfspil) Vi (Wg " Wagy TWegp Wy,
Xcu W AW AW ) — W, + W —v, (W
=X tspit 7OV EF Vaav WB2 T Vpav Wy fg * ' BC
<u
dVlZ N
HAW g ) dt }—Ahpwp'—(hf_hs2)Wfsip+Ql+Q2
(2.265)
D, E (222)X EFALTHL, M. M, VERAX ER B,
M,=M_, +M_ (2266)
M, =M, (2.267)
V=V +V, (2268)
Ah =h —h_q TWo >0 (2269)
=0 :ng()
Vo m v, bV X TW <0 (2.270)
= v, LW, =0
av aVv
1z _ 8 (2.271)
dt dt
dh

HRICONCERE, H, =3 v ¥ —ORREMTHAT g, Lo TELHAL
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dh_,
it {WF(hF_hSS )+WEF (hyp—h, )+ (AW +aW, o ) (hp=h )
h_+h X —h A%
f fg“cu 52 3 dP
+WEC(h1’_h52)+ I_Xcu Wfspi]+Ah;Wp+Q3+_J_~aT}
/M, (2272)
Is
Ab =h +h X —h (W <0
0 W, >0 (2273)
HH 3 OB
7
dVv, dv, v, 4P
a1 Vs (We A Wop +AW, +AW g +Wyo Wy =W, )+ ( dh )P—J"E

(2274)
tNEDV, EROMBOFETY, RUV, 2RO 5,
6) STEP—6
STEP-3OQH 2 , 34 TKBAMOBETHEL, HRILDONWTER, #K, =4 ¥
—OBRBFATHA TR LD BERATR L,

h
dP_ g
D3t~ Vi {_vg (W + W gy tWpp Wy, W +OW o +AW o p +4W b4 )
dv,

— 51, (2275)

D, ={ jfgwfigavg)'—1--——1-}V (2.276)

17 aP vfg aP Vg J 1 o o

av, dv, 4V,

ar 4t dt (2277)

F2, 3COWTHSTEP—4 , 5 OFREMBPRHORBNLFERTD L,

7 STEP—-7
ﬁﬁ3®tﬁﬁzb<%XLﬁ%%K19@%&?@&5Ctu%éfm®ﬁ4rﬁﬁ@%
BEFTHECEDTCENTERANADEL, FLCHEHETERTDH, STEP—T THEB 743
Litka{ A IRGEC2HEPRLACREEEBEELTnDH, ZOLE F—aHOEER
GANZTORBEV,, EFTHE V-2 BEBOL 8EV,,=0 Td 5, ERKCOWTHEE,
®E, A+ ¥-ORRFERATANWTELDLERANERS,

dP_hfg

D237_d_t,_v w v, W

B2  Y3av ' B3 }

{Vf(wF+WEF+W )“VTavW

FCS8 8T ¥ 2av

fg

— h—hg )WF_(hf_hEF )WEF_( hf—hFCS )WFOS+QI+Q2+Q3
+Q, (2278)

| D,,, & (222K £k
| M, =M +M, +M  +M (2279)
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M, =M, +M, M , M4 (2.280)

V=V, (z281)
. Ya ! I / I4

Wor =Wt Wygy TWogr TWg, TR, "Wea

Lo 2B TRET AR TR T,
BT OFEL, HEOHBRFRIZRN &% b,

d M, , ] X
dt =Wg7 +M g7 +Wgsw2 +W gswi +Wg$pil - 1 —-Xcu fspil _Wgs.w'n'
—K, X, Wy, (2282)
dM .
it =W —Mlcg7 -K; (1-—}<17)WST {2283)
LT K,=1 DV, <V,
=0 V. >V,
X. = Mg (2.284)
7 Mg7 +M,, -
Mg7 v,
o = (2285)

7
Mg,‘. vg-’er_,. v,

Ve =V TV, X (2.286)
dh dh '
. 1 f 2 7y dP 7 )
MngZ_hf (Mﬁ P +l\’1g? 3P J '&—t"“"hf (2287)
4 g
W @ETEERRELT
l\/_[g7
W ot =5 (2288)
T ( )
I 2.2.89
T Vg Vg
ERTOHERY, &
o7
av, _ o
dt = vngng +vg (Wgsw2 +Wgsw3 _Wgsw'-’ )"-K'?v?avWST
g v 0 v
f g dP
+ (B—P Mf? +W Mg? )T{_ {2290 )

CRERALTY, 2RDV,, V, LABOFETY, £ RO 5, BRI L TOHOREW ,,
W”%Ww“Jmm&@%KLTX®éG%m@zzQ%?@&éc

8 STEP-—8

r OBSESTEP-2 ORI VREIANCE - 7D T A {STEP-1OHEM3I HHKLH
AR Bk BETH A, WRHARKL, 2ICHLTHR, &%, =2 2¥-0%

RER*#AANATEIEDALRATES,
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h
dP_ i . .
Dlzmr{_"fg { v (Wros Wi )5V i Wy _vg(ws AWy TWerr TWh
XlZLl
AW+ = W, TAW, +aW )= v, Wy — v, aWpeg
dv,, ' _
i } _-/_\hfiwfi-ﬁ(hfﬂhFCS)WFCS'G‘Ql‘f'Qz
X . (2291)
D,, @& (222)XKAL,
M =M, +M, . (2.292)
M, =M, (2.293)
V=V, +V, (2294)
av, av,
at  dt (2295)

S 5 ICONWTIE STEP—1 OFNEFMLTH 5, R 4 OB WE STEP -5 OFH 3 L[
LTtdsb,
9 STEP—9
STEP—1OkBMER5 /AL VER 2 CRKRINABEVSTEP-9 TS 5, faHl
1, 2, 3CEE, hE, i rF—ORBRENERNTELDLLRXER L,

h B

dP _ T fe }

Do qi v, (v (W +W oo =W, )= v (Wt Wy 4 Wpp Wy, +Wye )
E

~ Vay Wgs —VpWy f"ngWch } ——Ahpwp_a'h pWp—2h o g Wies

+Q, TQ, TR, (2296)

mth2£2)ﬁKﬁUTééoiﬁﬁﬁ4KOWTMSNﬂL1@%%&@ﬁf@éo

222 t&vMﬂ%ﬁﬁ?ém%

AL 2 RBLTY 250 FORML SAR~ELREEW | T, BCAROKMILE
(HORB~ABHEEW,, TROXHCEETH( Fig.24 B8)

W EBLANEREER (2231), (2232)HLROAERZ, 30

TEW, . W,
%ﬁv;iz#%ﬁ%@%ﬁ@ﬁ%ﬁ?&ﬁﬂﬁ%%&ﬁf*b%;

AV, =V, = Vi (2.297)

AV =V, = Vg | (2298)

AV, =V =V, | (2299)

CC’CVZI-Q, V30Vi"cﬂjc“ﬁfﬁﬁiﬁ 5, 3@ e L— FHATEE TORRTS D, V,, |
EH2OLBERTH 5,



JAERI-M 83520

WIT (2297)~ (2299 )R TROAMBOREITL hO~BERITHBHFCHLTTV,, V,
BEIOW, W, ERET 5.

spil?

@ av,, >0
Weooir ™ vjit (2.2100)
w,,,=0 (2.2101)
Vs ZV; AV, (2.2102)
V, =V, +AaV,, —av, (22103)

AV, @ K- sEBAE T A RIKRT (22124) R (BB ) TEbING,
@ av,, <0, av, >0

W, =0 (2.2104)
W, =0 | (22105 )
v,=V, (22106 )
v, =V, (22107 )

LD, Ol s a5 v FRRKE AL v— AHO0FHUELCHAETEHETHD, 2O
Sty a5y FABOKESE K -TSRA~ORAFZNE LT D,
@ avy <o, AV, <0

1) av, <0
W,o.,=0 : (22108 )
W, =0 (2.2109)
V, =V, : (22110 )
v, =V, (22111)
i av,>0

W._.. =0 (22112)
spil
AVS
_ 2.2.

Wio =5, At (22113 )
V23V;+Av3 (22114 )

!
V,=V,—av, (22115 )
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b. —&av, <av,

Wi =0 (22116 )
W = SV (22117)
Sip_vl%av‘gt’ 2
/
V, =V, —aV,, (2.2.118 )
/!
Vs =V, +4&V,, (2.2119)

BLEDRD HROEW,,,, W, OREW,,,,,» W, & LUEKOREW,, |, W, @&
XThHLbINE, |

gspil — 22 Wi (2.2120)
Wi = (=X, 0 W (22121 )
gsip — %3 Wi, (2.2122)
fsip (1-X, )Wsip (22123)

F— s FE~ R INLBCEREET V-T2 —%ZETHLERNERD,

gSpil_XcuW
2g_ v
g
B, CCTEHLAW, B €ov— s OWEEREEOEDEEIED TS INBEIC
HBAIN, KEABEHAGELAWET LS bndes— A 220X FHANTHREINLR
BETH A,
w2117 TONAFRRIVPHEALALEZHARTEZFACRTAES, EAI LTLO

spil

EN (22124)

MOREBW, W _ . W, LEROFRTRD L, RRIOERO LR EV,,, &T5L&
AV =V, =V (22125
O av,>0
‘QVE7
W =3 X% (22126)
W =X, W, (22127)
W, ={1-X,)W, S (2.2128)
V.=V, o, (2.2129)
@ av,, <0
AV37’
W, ZEV—A“{ {(22130)
W, =X, W, (2.2131)
W, =(1-X,)W, (2.2132)
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r
V=V, +av, (2.2.133)
223 BREREREOHE

BIEE-4 TOENEELFL, €5 v—2, £y ri-ZORKBOTNITHE~NTTAK
E NSO, BEOCRHAMEELS A4 THOKBLCELWELELTFig. 2508 5 % bks THE

T A,
Ko — TOEEBELWBAICRAEE B,
I, dW
(31, +5-) ;=8 (Pp+Ppy—3F, ) (22134)

CCT(E%+1M@)MZLM%iKioTXQéﬁﬁ%“fV}T%DEFrﬁﬁ%ﬁﬁ
R,, Ry, »oXEHLENBETS 2, # v 7HEEP, dBERKFTERLREHEH -,
&%ﬁ%%ﬁ@tpt%mwfﬁﬁf%bfa -

t
P2
Pp=Py (e P) (2.2135)

HARTEEAEP L ¥ 2 50 FRA DK, FHOBELSRD L,

224 FuvhwKADETHE

KB A REL L OV RBDLFERNTH LD L7 » 7 =ROKPFRBIRBETHI LA v
oo KA AT BRI LS LW ERET AL ESATE B (BB ICHEKEAITAROKE # v
v =BOKOBEEBESLE ) Fig. 260 L5 WAKMET RO L O EWFICAE 5 KICS
BHEEEINTVLASREE, EEROKED < 5 v 20b

H, = (-

v

)V, (2.2136)

sd V3av
R A PRIFIUREE X A DR 3 A EINABER, AUERELOAHRAEE TOSS
EH, &0l

HH

Hy=7— v, (2.2137)

STEP—7 054t ASEEE LObER3O ERETOSI FH,,, HERTOHEEKEE
TO®mITH, &ThE
H H
H = (—— + —) v, (22138 )

Y 3av Viav

2.3 HERE

NHd TICONAEBZRT » 7L AERORBERE L TEENE/LEIP At % B
BREMEAE LARBIBR B ERL-Tnd, A STEP-1TE (221) (22
10) B LT (2242)03RDLW, W, ®HELAP/dL FRD L, D=7 » 7 TLH
BTHL, BLSTEP-3& 7 TRAGEBABMRETS HaH (2253), (2278) %%
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DFEFMANE, THLTAP/dt BREINE, HOBR I XTI EHELCLTHAREINL,

Badr 45 —HfHNTEY, PHEFEFEFTERXRE Prompt Jump Method AN T
b,

EEFRHEMRETHE 1~1002taOENOFEMABRLICLABB T b ROEN LT NICH
TAHBE, traaY, KERE 11O v— TR, F7/4— T TYREEEND 3 KX
TEhHL, FOEBEYDATANTELLFREANTnS, T¥2rE, REROENTX
FLEREEIRROBBRHE L C2RATROBIENBTE B,

£ SFIREETIZ 100, 80, 60, 40, 20, Sata OFENEHTHz Y20V RE, K
BEROBEFY 20°C~ AABEF TLI0CHBRTHERLOT 22 v Y03 RATRDOL T
CHRBEEDATANTELBFRETHNT WA, BELENOBRINZINWOTENCLLARHE
EEbLFFTOABEORENTCHTARNTANW TN S,

EMREREEL 22 1 HTORARETENE 22 2 OB LU TBLOCK DATATE
2 Twnh,

W 221~229 BITONAERERT » TERBITTELEOHERYE, BT THLE0HE,
i, A vEOFEAER21IGRT, $AFig. 277 8 —F & — b TRT,
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£21 =T IBEBOHEREEFDHEYE

AT 9 7 * e % # TAHERT o 7 AHEBEOFNHEHS
hes<hi,hegs<Ths,V3 >0 STEP--1 L
hoa<hy, hys<h,V3<0 STEP—8 |% LU
he>hg,hs<hy, S TEP—2 Mg;=M,, +M_, V,=V,+V,
STEP—1 heth by >h, STEP—3 Mz =My + M5 Vo =V +Vs
My =M + My Vs =V, +V,
hsa>hy,h s >h,, V<0 STEP 5 M =M, t My Ve =V2 4V;
M_=M,, v, =V,
hes<’ht hes>h(,Vy >0 STEP—9 Mp=M,;, 4+ M, V, =V, +Vj
Mg3>>0 , hys<Chy My >0 STEP—2 |#% L
M3 >0, h,s22h, , M., >0 STEP—3 M,,=M,;,+M,; V=V, +V,
M50, by <hy M <0 srEp -4 | e Mt V2T Y
h ;= (Myph tMsh /M,
Mp=Mp,+M; V=V, +V;
STEP—2 M,;<<0, h,s>h;,M,; >0 STEP-5 M,; =M,
h,,=h,
M 500 , hy5<Th,, My, >0 ST EP_g M,, = M,, V., =V,
Vi<Vyo hg=h;
M50, hys<hy,M,>>0 Mo =My V=V
Ve oy, STEP—1 h,,—h, V,=V,—V,,
M=V, v, Mg;=
M50 , M2 >0, V>0 STEP—3 | # L
M,;>>0 .M, >0, V,<0 STEP—7 | % L
T EP—3 M,; >0, M_;<0,V, >0 STEP— 4 M_.=M,, h,,—h,
M, <0 , Mg, >0, V, >0 STEP— 5 M =M, h.3—h,
M,3<C0 , M, <0, V>0 STEP—6 Mee=M e Pz =
M =My, hes =hy
h o<h; M, >0 STEP—4 |%# L
B, hy oM, <0 STEP-5 M2 =M., Mgz =0
STEP--4 M, ;=M¢; bh,;=h;
h,,>h,, Mg >0 STEP— 3 M, =M., M,,=0
h < h; .M, <0 STEP— 6 M,_,=M,, h,,—f,
Mg >0, hyg <h; STEP—5 |7Z& L
M,2< 0, hys h STEP— 3 M s=M_, M50
STEP—5 M,,=M_, M, ;=0
M,.<0,h,>=h, STEP—4
M =My h,=h,
M,,< 0, hyy <h, STEP - 6 M, =M, h.,=h,
h,,<h¢,h,,<h, STEP—6 % L
h,o>h,, h,s<h, STEP 5 M, =M_, M,_,—0
STEP—6 h,p<hg, h,s >hy STEP— 4 M,,=M,, M,,=
h,,>h,, h,,>h, STEP—3 Mys =M Mga=0
M =M, M,,=0
S TEP—7 V, =0 STEP—7 |% L
_ V>0 STEP-3 |%& L
h o, <h;,h,s<h;, V <V, STEP—8 |% L
h, <h;,h s<h;, V >V, STEP—1 |%& L
h,>h,, h s<h; STEP— 2 M=M_, M_,=0 V,=V,
STEP—8 hoy=h,, hs>h; STEP—3 Mee =Mz "M Ve=Vatys
Mg =M, Mj=0 Vy=V,
M,,=M,, 1M Vo=V, 1V,
b, <h;, h,;<h;,M_ <0 STEP—6 h,,=(Mgh, +Mh ) M,
M, =M, h3=hg,
M,,>>0 , Mgy >0 , b <h; STEP-9 |#& L
STEP—o M, >0 ,M,5 >0, b, >h, STEP— 3 M., —M,, +M,, V, =V, 4V,
. M,,=M M, V.=V, +V,
M, >0 , M3<0 , b <h STEP—5

hs3:(Mf3 hy+M  hg, )/Mss

STEP—3, 6T M 3 " HEML ABE (V,=0)E M, >0 THSTEP-3 #h,,<h; TESTEP-6 A5,
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Fig.2.2 Nine types reactor model in transient



Critical Flow (x10%kg/sec-m?)

JAERI-M 8520

X=0% : Zaloudek
X2 2% : Moody
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Fig.2.3.a Pressure vs. critical flow

X=0% : Zaloudek
X22% : Moody
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Fig.2.3b Quality vs. critical flow
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Fig.2.5 Recirculation flow model circuit
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Fig.2.6  Water level meter and real water level
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372 BWMEBAEOHE

W EEEORMESREFEL(FMTLZ LAROBRPLERTS 5,

(i) Z#2eRBROBESTRET L,

iy vrm—so > BEOEKBICERT MITT,

iy BECCSHEBREEELSD,

Sa—gy BN TERESNE 2B ABI L NEZ2RBROCESRERATE
L, 77—y v BOBHOREREEFRE(AEDLIELCAL, LPL 7Tr =%y K
CEWTHECCSZOEARELZE (L, BRHNOKRAVRLHEM T, BIBRMERRT S
(RRmALHEBRBROEEREYRD, BRORARTE, ILWCECCSZOEARY
BLREAZECED, RoT—BRE(REAB(EBLCEARFN WL TRIREL
ANEAXBLLOICHBET L EHET LN,

S m gy o ORI M E OFEICIEB% COMTEMPT 45 B b b 1T Bl T
o — FEEEBOI T A2 ) bE(H %m%:~FK9y9Lfﬁﬁ?5c&@$ﬁﬁTé
BHZOFEBETHRIC Y a v~ LTERT A,

Fa—go rFORBEEERE (OB/THERT, +Oz v 210 b RHHIKCELT LA~
2V B TEEWNESREC LRI T ARHEREO xv 20 ¥BRICER L T TN
Erbhn, VERABAER e —F v FTORLKBICHAL TLERL, BMBESREUA
EpoBRFiE, AR ﬂ@ﬁﬁﬁiofﬁT?%C&ﬁ%ﬁéﬂ%@f%%&%ﬁ&%ﬁﬁ?é
5 av—varbE L TRATHNWS, : -

dpP__ . -
T =3 P Wyt L (hy.hg) (321)

 EMERAED
s Qavkiil-o

P
W
fum<%ahm>Ilyﬂ»w®ﬁ%%%b¢@&'
h
h
?\

T
CHBREEOD »E2 Y

CEREQEMAKD T A

CRMESEOKR, BELRSCI ZRERH
cﬂb@mﬁuﬁ@;ﬁmbfxbéoGONMMPTKLDJPDR®%%Eﬁ®@ﬁK

EHELZ L & ORMERRELAP , #Xb5, KICx ¥ 2 v Y ORAZHALME D

B

B0

P ‘
HAMEL AL EORENLAP ERH p—— &y 21 EOBK (Fig.32a8R) 2

con con @

) ©2ERNT

hB
B f . (hps hge ) E (5

pcon BO

hy hp 2
fpwn(hﬂﬁﬂo):a+b(quq*%C(hBO) (3.22)

&%bbaab: C%ibéo
EBECKEINI AN BEROEMESAE LRI RBECEA 55, P akEikE
THEH RS 20 RA, BMESORBRUVEBELAC LD, REELBMEFREL
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ERFLAERALAN( Fig.32b8R ), COENOBRRYREREHRHD Y o — 20 5
ZTLABROCENORMEALL L EROL,

OIS LTHERBLAY 74+ —F > [CONTAL | & CONTEMPT L EZHN ZHIEER - A
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2 O TONRAELICEDEFATE Y257 VERAOBKE TR L BT vy 243 Tr—
L LT AR, CORBOEHR A VREFA VRIEERRD L 20T LERT D
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W, = 1 (hfg w -D-ﬂE+Q —ah W_ ) (331)
TG_Vf+Vngc Vi VeVWac ¢ dt, c s oc -
ahf hfg avf ahg hfg avg V.

Dc:( 7P _;;—g —W)MRJF( ip -*v—fg P I\([gc'—_J"(332)

CETW, , Wy B ENEAFLT 2 % vAOSLCHNARTS DX, (B2 205«
Q, 7w r AR, ¥V, BPORTERERTS b, FLFH XA VECERRAA
HLROE I CRLTLEBTES,

R = (W =W, )dt (33.3)

Vmﬁﬁbéﬁﬁféb,Rg&&&ﬁ&ﬁ@ﬁ4P7v7m%%wétéwibﬁﬁﬁﬂéo
' X

[

1+4.4X

R,=(478-012ah ) (3.34)
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_ g sty 1 dP

M (M, —5p~+M, 35 5 )hfg . (3.6.3)
dM :

By :

T _Mfg_ws | (364)
dM, .

dM, _
=" W, (36.6)
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dM, _
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dM,
M, = f( T Y dt (368 )
dM,
M,=[( dt)dt (3.69)
dM,
M, =f (77 d¢ (36.10)
Vsat =VT_MS Vs (3611 )
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T 5,
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flz%—l—{K(l“X)Vf+Xv }(x+1I'{_X)
f :J’—i 1 v
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2 1 BP) +WB( aP )x it
zchWB{(aX)P af af _(aP )X}_lj
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vf[1+(—— XV w
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3 AP, ~2H = | | (3.7.6)
1 Di i .

H=HECHEFETHS AHHKELREEL, TOMBE(ETCLLAENREE (376 )X
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Input Data !
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Specific Volume of Each Region Region
Water Level of Water Level Steam Table
Meter
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Nomenclature

Cross section

Concentration of delayed neutron

Specific heat

Denominator of pressure rate equation

Acceleration of gravity

Water level

Heat transfer coefficient

Hydraulic diameter

Liquid saturated enthalpy

Steam saturated enthalpy

Heat of vaporization

Feedwater enthalpy

Emergency feedwater enthalpy

CQore spray enthalpy

Liquid subcooled enthalpy

Joule constant (4269)

Thermal conductivity

Length

Mass of saturated liquid

Mass of saturated steam

Mass of subeooled liquid

Flashing rate

Neutron flux

Decay heat

Reactor pressure

Containment vessel pressure

Driving head of natural circulation
s recirculation pump

Heat generation rate

Laplace operetor

Temperature

Time

Elapsed time after shutdown

Volume

2
m

k cal, kg °C
kcal/kg;/cm2
m/sec

m

caL/nf'seC'cc

m
kecal kg

"

”

”

”

”

”
kg;ny/kcal

keal " m-sec- °C

m
kg
174

14

kg sec

kg//cmz-a
ke om’ g
kg/hf

”
keal sec

—1
secC

°C
sec
sec

)
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Vg Bubble rise velocity

Ve Fluid velocity

vy Specific volume of saturated liquid

v, Specific volume of saturated gteam

Vig Vg Vi

v, Specific volume of subcooled water

Wy Blowdown flow rate from break arvea

W, Mixing flow rate at feedwater sparger

Wio Flow rate emergency condenser system

Wor Emergeney feedwater flow rate

Wi Feedwater flow rate

Wieos Core spray flow rate

W, Core inlet flow rate

Wgsw Steam flow rate swept out of a region

W, Recirculation pump flow rate

W, Main steam flow rate

‘N“p Flow rate from outside shroud to inside through
separator

Wit Flow rate from inside shroud to oudside through
separator

Wenr Flow rate of relief valve

Wy Flow rate of safety valve

X QRuality

Xy Carry under quality

a Void fraction

A Effective delayed neutron ratio
Reactivity

f Density

T Bubble rise time

T Decay constant of recirculation pump head

A Decay constant of delayed neutron

subscript

0 Initial value

1~7 Region number

av Avarage

€ Clad

f Fuel or saturated liquid

m, sec

4
m® kg

144

I

/4
kg sec

14

I/

’n

”

27

”

7

Is

I

I
44

14

7

ak/k
kg/ma
sec

L4

secC
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Saturated steam
Recirculation pump or pressure
Subcool

Coolant
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