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Gas-Water Partition of Iodine in BWR Plants.
and JAERI Model Containment Vessel

Mitsugu TANAKA and Takeo MIMORI
Division of Reactor Safety, Tokai Research
Establishment, JAERI

(Received February, 1977)

LWR plants have a containment spray system to reduce the escape of
radioactive material to the environment in a loss-of-coolant accident
(LOCA) by washing out fission products, especially radioiodine, and
condensing the steam to lower the pressure.
Removal of radiociodine from BWR plénts and JAERI Model Containment
Vessel by water spraying was calculated with the computer program SPRINKLE
prepared by one of the authors, for carrying out containment spray experiments.
The following could be studied quantitatively : (1) effect of containment
spray, (2) equilibrium state domination in iodine leakage from the containment
vessel, (3) the time elapsing from containment spray start to equilibrium

state, and (4) equilibrium partition coefficient in the containment vessel.

Keywords : Light Water Reactor, Reactor Safety, Loss-of-Coolant Accident,
Containment Vessel, Spray, lodine, Partition Coefficient, Boiling Water

Reactor, Reactor Safety Analysis, Washout
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21 BWRisma®""

Fig . 21 et GEHEMark I (78 4MWe ) , Fig.22kMarkIB (1100
MWe ) nEMEREBE L TT. BWREMERACIEEB 7/ v—F v /PR LNTE
D, ZRbLONEBS SR THEARL K,

Mark IBIZIV Y EBREACFSA VoA V=3 VENF LY va s vAhbix
b, Mark I AESHNFSFA DAL FN0RETOY vy vavs= v bhbBRIN
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1 RFHBC LD P4 v = Ardh i EEINcZERIE AV By vy vavs=
vANKPCEAIRTEML , BMBESANOCENERAMEHIZ RS,

Fig.23kMark 1, Fig. 2 4icMark HOKMESRA 711 BEBRE %R T. &
MAEBA 7 VvA RIEFAERYETAHARESMIA 2 BHELOLRD , TO1IRRENATLETN L
AE2MET 2 LB TED, s, BMERA 714 Fir , BB 1 0 X cEREEAR L DY
Pz LN THEBYEET LI HRIIN TS, AFVvABFRELTCE,, 7y va ryFx
ANAPBEABREZRTBRBCI VS HIABERER IR, BRMBES AT VI /AL
LTz full cone cluster J AANBFEHRAIN, FIAT ALY Ty va sz n
OAF LV {BERBERIIHIS (5 Thhd, AFVARELTEMA (LI LQ /m at 25°C,
Ce™ A+ »05ppm UT (EREHKEHOETEME) , pH6~8 (MEDBBVIE 7o £ —
FAK(CrO,44v500~1000ppm, pHO~9 7 ) BEAEIA TV %,
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Table 22y, BWREHERAT VI RNEEFELETT o
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FABMBEYLEL CFT,
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AEBLTCEY , BRI eF A1 ENEBLIER T , B3 2 0m0HEETH L. EFHHED
AFVvA R LB v RBEECRSCTRLBELV-ZHL, BHESLOEERE (HMESE L
avEKRH) , TREMBEBA VI~V F—DAEHNELLELZOLRL D, TRAT VA
Y F BT OBMNEBENE (BREBEL <7 A5 A CHEALRRE ) VBIH6 m
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CREREFEELL0T, FR =71 BMES TR IV REANBXRHLSE , THO 2B
FEeREL , EBEHFLEL (2 v REARYB 3R> TC\v5%, #h5 4 Figs .
25, 26 tEREL, '
2.3 FIEAOBWRHMEE
FOEREXIN I Mark MERAEROHEBENEY , Fig. 2 TKxRT. FLLEARYSUH
BMEFZ2AT7AOTRERIECT,, BMERERBCY 7 vy va vy F—ARREIR T
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Table 2.1 Water Volume and Air Volume of LWR

BWR
PWR (826MW,)
Mark I (784MWg) Mark I[I (1100MW.)
Air Vol
1roVolyme 7460 * 9800 " 5.66x10"
Ve [m7]
Water Volume
Vi fn?] 3680 4260 1800
v
'Té; 0.497 0.435 0.0318

* drywell + wetwell

Table 2.2 Containment-Spray-System Design Parameters of BWR

Type of Location Flow Rate
Containment [m%/hr]
Upper Header 1660

in Drywell

Mark I
Lower Header
in Dryweil 1660

( 784 MWg )

Suppression
Chamber 2 x 87.4
Upper Header 1810

in Drywell

Mark Il
Lower Header
in Drywell 1810

{ 1100 MW, )

Suppression
Chamber 2 x 95.4
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Mark I (784MW.) JAERI Model
Containment Vessel

' o Spray Header

h o Position of
Iodine Injection
“““““ Grating

equivalent
cross-sectional
area

Fig. 2.5 Comparison of JAERI Model Containment Vessel
with Mark I Containment Vessel
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Mark II (1100MWe) JAERI Model

__‘\\ Containment Vessel

o Spray Header

@ Position of
Todine Injection

& ~,. """~ Grating
b= I.l:\
o °o | ©
fj /° °
[-‘ ‘ &%

equivalent
cross-sectional
area

Om 5m 10m

Fig. 2.6 Comparison of JAERI Model Containment Vessel
with Mark II Containment Vessel
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Fig. 2.7 Mark III Cocntainment and Shield Building 9)
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g
Table 2.3 Design Parameters of Mark ITI ( 3579 MWy, L1220 MiWg ) )

Vg Vy : ;
[m°] [m?] fm®/hr) fr]
Drywell 7770 _
Supression 464¢
Chamber 55080 1) 28.¢62%)
1190 3

Primary 345 and 45.3
Coolant -
Condensate 5004)
Strage Tank
Total 40850 5485 — T

Vg --------- Air Volume

Vi, e Water Volume

S Flow Rate of Containment Spray ( 1 loop )

P * Spray Water Fall Height

1) oenn. ++ A 50% plugging of strainer screen surface

X is assumed.

2) e Upper Spray Header

3 ... +-+- Lower Spray Header

4) e Water Volume Used for ECCS
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3. REERIILT L3 v EOHHEFTI=7

BWREMEBARMEIVENA S VAL A2KERECETHHEX2TT I CHI>T, &
THREC KT A2HITHOBWRESHM BAHERO AN 2 v RHEFMz 7+ 28BN T 5.
Table 3. 1€, REFECKEVTHVHR TV BWRE HH BAELEREO KB KA iR
e B 5 KEL RIS

ERHEHR TR, SHYMBAFERBCERERAFLCSHRO 3 BIFLA 714 R 1 RO L 51E
BT ABRAYEEL,, Z0EBERARABEN1 00% -7+ v—vay (SRBERTC ~—7

dFr—vaypnELs )clYTE A vr A nESEERBIREE,DREIRZ 0L

ﬂi@éﬂfh‘éo

RESFHCE, $HMBESHBFCHEFEAPFLSHRTODRETER L ¢, 2RBESBEBL
REEELLBACHLTAREPOBABERVKEEINRS N LHEIR TV 5,

Table 3 1OPE2HENEI I NENERL BV TEEINLIESBERBORBETH %,
FoHHEYEC, FeEERPOHEREF BRI, BRECEGLBLANBEEBEBELE T IPRE
BROTH, RR BEEAHSEZEELHEIR TV 5,

AT, ARBIETCRHIEFRHLERLROBREDERI 0% LREI TSP, RAED
BWRTRIOLUEHIBEABERY ARBZEYHL 54008 h%. toBaL , FEMAA
BRy AMEROBRENEL 0% , FHABERY ALHER L FRAY ALEED 2 F¥
EHCEY KPR HE XA S 2 v EOBREDRLI S %LREIN TV 5,

LROK A BEBEEC 8T DRABERYOBITBRE Y Fig. 3.1 LR T,

FROZEEECHT LR BEREOTEE LS T, ABREOHERRTHL IV ENL
CEBTRIE, ZOREEIFig. 32 CRbEnb, BERAEHTHFLNEED 1%, &
BRERETIS50%EVIFEEENAEUATEMESP CHH Ehica YR, BMFHEAKSE
~ORIEENC , HSESECIBRHESA 7 v 1 FHEKAdc , BB v EZ0 S v—L+ 7T+,
TA—A T VIR LY , EXRERTCRIFLABKENLS5%(=01% (HBs?E)+
05 X09% (EBMavE) )N, REFHECIL275%(=5% (A= vE)+ 05X
45% (BB v E) ) MENESEHBKEET DL LS. SN BRI v R0 25
HBRBAREEH 100 TCr 7Ly va vy 7—AS0AKERRIN TV L REL CRERE
HREL , OB v ECHL , BREQ 5%,/ day TOR T FBE~0 MM, % 6 R
A 2AMBRCI5BESHFME V%, REEC, ISHE L) RE~KREB S h it s
vRICHULETPRESFTOVH , KB, B HEESLHEELC, T AL HERELHE
Eh T3,
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2.

Se

9.

1.0,

11,

Fraction of FP released
from damaged fuel rods

Percent of metal-water
reaction

Percent of organic
iodine in containment

Platecut and fallout of
inorganic halogen in
containment

Partition factor, water
to air, for inorganic
iodine

Leakage rate of
containment

Duration of leakage
Halogen removal
efficiency of EGTS
Height of release

Meteorological condition

noble gas 1~2%
halogen Q.51%

less than 1%

10%

50%

100

0.5%/day (depend-

ding on the design)

30 days (depending

on the design)

90% for all halogen

stack release

humigation for the
first one day, the
worst Pasquill type
for the following
days

wind speed 1.5 m/s
wind derection..se.
«» constant ‘
(depending on the-
site condition)

Table 3.1 Assumptions Used for BWR Safety Evaluation 26)
( Loss of Coolant Accident )
Assumptions Major Accident Hypothetical Accident
1. Percent of core damaged |100% perforation | l00% core melt equivalent

assumed in evaluating
FP release o

noble gas 100%
halogen 50%

27.5% (for evaluation of
containment integrity)

10%

50%

100

0.5%/day (depending on the
design)

infinite time
0% for all halogen

stack release

humigation for the first one
dsy, the worst Pasquill type
for the following days,wind
speed 1.5 m/s,wind direction
essses constant

(depending on the site
condition)
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Fig. 3.1 Radioactive Effluence Process from BWR under the LOCA
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Fig. 3.2 Assumptions Used for Todine Effluence
Evaluation of BWR under the LOCA 29)
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4. iR iy

AWETE , RBEBEA 7 VAOHRY T2 EPrCHET 2 o b ¥ ZR: LLFER
2= FSPRINKLE (A Computer Program for Predicting Spray Bemoval of
lodine in Reactor Containment Vessels) #fERRL TR B ®TT>1.

Fds, ABMETIE, BLBECKVTERS v RO AEARGEL 1 00 L EET2HAK
DT LHEEFG, AT VAR EERLALBEOHARR L HBHRA L 2,

41 BIRECHEDODTHOERE

A CEL T TFRAREN L SN,
i)%ﬂﬁﬁ%$ﬁﬁ@%ﬂ#6mabiﬁﬁﬁm,Eﬁ$ﬁfu%mﬁﬁiml%:ﬁ

MEHTIE50% &35,

i) mEgErLREINsI vERTATERS VERLT D,
ﬁﬁﬁﬁ&tlﬁw,££¥Ewﬁv1mﬁﬁaﬁimiﬁﬂéiiﬁﬂ9im10%k

RELTVH. KIETHERIh LI VEITRTERa VR THD LHEET Ho

i) BHEBA T A, SHMBEFHRERL 0 D CEBXFRBT 2.
W)%m%%KfV4ﬁﬁﬁfmlOﬁﬁthV4¢Kaviu7V—k7ﬁb,7#
—A7w L,
mﬂ##bmmﬁﬁmﬁ%50%ﬁ,%ﬂﬁﬁ%$&%éﬁ(oﬁ)Kiu—r7vr,
- TTFTBLEELT, FNBEEFERLLLN LT Do

v) Bl IHBEMESN v EBOBRBEIIERL L.
$ﬁ§fu’&%%ﬂﬁﬁﬁﬁkzjv%m%%%%ﬁtf%ﬁ%ﬁcto
w)%Fm%ﬁwﬁvf,ﬁﬁ?%Zfv4«7ﬁ~uT§xiv4«7ﬁ—m&
(100%%ER) 7%, |

V) 27 A ARl RIAEBARELEY O LEY I T AT VvABE L LTRE
EETCEECETT %0
W)%mg%iﬁ%,ﬁﬁﬁﬁék%éwﬁééhfﬁb,%n%hﬂﬁﬁmﬁﬁﬁﬁﬁ
BEELWET 5%

EBCiE , BREBEHESD , BABCHLOBEAHLFET 22 L 6F2DRLP R
EOrEAFALNERYEBNCHBET S & TR TV,

VD 2 7oA RAEs (AR BERERERL 0F) DRI VvAETD 3y RREIFL
T 5,
%%m%ﬂﬁﬁ%$&fm,F§4¢1»¢mﬁﬁﬁiﬁwiﬁﬁ%ﬁﬁ&vr§%ﬁo
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Fig. 5.8 <Calculated Values of Partition Coefficient H
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Nomenclature
gas phase iodine concentration [g/cn®]
gas phase iodine concentration at t = 0 [g/cm’]
initial gas phase concentration of nuclei i ' [g/cm®]
gas phase concentration of nuclei i after a time interval, t [g/em®]
liquid phase iodine concentration [g/cm®]
jodine concentration in spray drops entering vessel [g/cn®]
iodine concentration in spray drops at end of fall [g/cm®]
initial liquid phase concentration of nuclei i [g/cm?®]
liquid phase concentration of nuclei i after atime interval, t [g/Cma]‘
diffusion coefficient in liquid [em?/sec]
diffusion coefficient in gas [em?/sec]
drop diameter ' [cm]
drop absorption efficiency, defined by Eq. (4-2) [-]
volumetric spray flow rate [em®/sec]
partition coefficient [-]
drop fall height [cm]
overall mass transfer coefficient [em/sec]
gas phase mass transfer coefficient [em/sec]
liquid phase mass transfer coefficient [em/sec]
Reynolds number = dugpy/Uy ' [-]
Schmidt number = py/oyDy | [-]
time [sec]
half life of nuclei i [sec]
drop fall time [sec]
drop terminal velocity [em/sec]
gas phase volume fem®]
liquid phase volume [em®]
decay constant of nuclei i [sec‘]]
viscosity of gas | [g/cm. sec]
[g/cm’®]

density of gas
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