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A Survey of the Research Works on LWR Containment Spray Effects

Mitsugu TANAKA
Division of Reactor Safety, Tokai Research
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LWR plaﬁts have a containment spray system to reduce the escape of
radiocactive 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.

For containment spray tests with the JAERI Model Containment Vessel,
a survey was made of the research works carried out on containment spray
effects and containment spray systems in PWR and BWR plants, These results

are described.

Keywords : Light Water Reactor, Reactor Safety, Loss-of-Coolant Accident,

Containment Vessel, Spray, lodine, Fission Product, Temperature, Pressure
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Table 2,1-1 Spray additive system componeﬁt
design parameters

" Spray Additive Tank 7

Type Horizontal

Fluid 30 wt% NaOH solution

Tank volume 4000 gal

Design pressure Atmospheric—internal;

: . © 2 pai-—external

‘Design temperature 200°F .

Material of constrection  Austenitic stainless steel
Bpray Additive Eductor.

Design pressure 250 paig

Design temperature 150°F

Material of constrnetion

Austenitic stainless steel

. Suction Conditious

Fluid 30 wi% NaOH solution
Flow rate 37.4 gal/min
Pressure 14 psia
Temperafure Ambient
Inlet Conditions
Fluid 0.6 wtth NaOH and
0.2 wt% boron solution
Flow rate 112 gal/min
Pressure 225 psig
Temperature Ambient
Discharge Conditions
Fluid 8.5 wi% NaOH and
0.14 wt% boron solution
Flow rate 145 gal/min
Pressure 33 psig :
Ambient

Temperature

CONTAINMEE:JT SPRAY

REACTOR ]
CORE -
7 |
SPRAY SYSTEM _ MAIN STEAM LINE TO TURBINE
%;{ | | mAIN FEEDWATER LINE FROM TURBINE
L\\ HIGH-PRESSURE
: : COOLANT~INJECTION SYSTEM
LOW-PRESSURE 1
INJECTION r x| CONDENSATE
" |STORAGE TANK
BORON CONTROL ORYWELL
INJECTICN RODS
HX" |RESIDUAL -
’ HEAT-
WATER WATER-®C, 2 g$g$?3L
PRESSURE-

SUPPRESSION “PO0L'

Fig. 2.2-1 BWR emergency core-cooling

system
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loop B

B -y

«————— heat exchanger —————

Fig. 2,2-2 Schematic diagram of containment spray system
of MARK-I (780MW.)
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va4%ﬁbﬁm%émFPmﬁ&£mu,fmﬁxﬁﬁ;ﬁﬁ%ﬂFngﬁiﬁwwﬁﬁ
(deposition) (K TIRFPOEHLIALBILL- TR IN 5, BHOBRICL-TEL W
BT Z0bDILE» TREANBOBITIZE A EBOR, M TREELSCIASORITIC L

TREUNFIRRTENT, BRFICHLEDURS 2T OFBHERT,

AR T}, FPORBREEREIXT AFPRE, BHTH, RIR ERJUEREFORENHRIN
1o

(h avk _

Table 31— 3 ICARIVEEE (natural transport tests) OEREHETRT,

—H& LT, Fig- 31—10iCRunA—11 L3 EBavEORBELLLERT, hoEERE
227D, Bun A—11TRIVEEAR 2 TEKERMIED SN, BREIO 3HMIMhoER
ERMUBEEIERL .

Table 3.1— 4 ICHBMRERT,

T 72 Table 3.1—5iCid, FIHAFRMHOERELE, ﬁZﬁﬁ%Egﬁéﬁ% T X BEHBEED
WA RT,. SFEEREAMEOWISHTHD, SAHICEAINIEFVOREUERL TS,

i v3rBLBLyIa

W vELT YT AR, BREAEZEUEBENFLELTENESARELEL, DEBBICI-TH
MESBEBRI, ENCLsTKFRITHET 5.

RunA-5iEX 2y v snBEEEFig. 31— 1 1ICRS. PHPEEEL, » R3845T
FhH, WOERIZIOOTHREBELHERBE SN,

Y3 VICHLT by Y ADBAL MBLEEEREENE SN, &

hMe&I—ﬁm.ﬁﬁénttva®55EE§m%215§&.K$E%EK%§?5§®
%é%ﬁ?oEﬁ%ﬁK£5%E«®m§§ﬁk%ﬁféb,ﬁﬁﬁmﬁbﬁﬁwﬁﬁﬁ$méCé
2EZALELE, RHEBOFPRECHLUTENEBRERELBREELDTHEI LB S,
PP BRINEEE (naturl transport tests) L0, ROEABHLLIZIRL,

1 BEABROIBIZE, BREEEOEJMEBERMAVEBRHcFVKIZHBEHEIRO—FKE

RUTe
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@ FHOREEER, SHEBESOBBED 1HCL2TTHEEINS,

9 HRMNGHEBHEFAICE-T, AHPWRIZHT AEB3 %D 2 — hour DRF (dose
reduction factor) R¥H 2 &, M2 6 DEMESLNT,

@ *FAIVEOREENTIIEETHD, | BROFEHRIERELTL THE LR,

B €YY ABETYF YRECEARBIC L TRES N,

(6) FEEMBICHEISX, ABMPWREBIAITo/2v®2—hour DRFIZ1 5 SHE XN,

M éf@FPmEEu,—?m:ym—bfybﬂﬁﬁ—&ﬁﬁotoLmb.ﬁﬁ%éﬁﬁﬁ
CHBIX G AT LD atcDT, T — b2y FEICIIA S IR ESEEL 7.

3122 AFL4iLLAFPORE

BMABZAT LA ORSEELHRER, FABAOKSLEMSETENSETIAC LickD,

BHEZEORBLMEROCLETHS, Tk, BHEBTESLLFPAREL, BEFE» AT HA~

DFPOBMEERTTACLLEELBRETH 3,

() =&PHE
CSEDNRFULAZBRTH, A7 VAYRCEBEER 5L BbLAERTOHEETENL D
6 [Mlo>¥E8% (Runs A—3,4, 6, 7, 8, 9) MfTbhl, EBREMHE Table 31 -7, XT LA
BB LUBEOBEE% Table 31— 81, ZF L A% Table 31—-91i, FHERDOEMESR
NOFEMS % Table 3.1 —10ART, X 5iCTable 3.1—111i2id, ERICELTEAIN-BEF

PEART,
CSET, L0/ 55— BROBNLT, BEFKMERAL 27 L1 4 ESEERIC
BB aORAHBRS 210 (Runs A~10, 12) bk, £DKEEH % Table 31— 1 2iC,
FOERICE L TEAINIEEF PEL Table 311 3R,
Table 3.1— 143, RERKHLTRAEINIR T4 BOMRELTT,

il BWMESAORE, EAHZEL

CSEFEOXLEMIE, RFVAKLEFPOBRETHIH, FHETKETIERT— 265
it
RF LA FIkICET ARE, EACo0TidTable 3.1—1 0k~ ZOEMOBET%Fig.
31—-12IRT. KEKOSEREIOHENXLZE SO THEI N, HEBZ0RBETEMHED
hEiUibbnt%mﬁﬁE&—ﬁbtuit,zfv4ﬁm;amﬁﬁ BREAZROAANE
BICE - THISBRINSZ LT T,

ST AN RIHEIN NS o725, Table 31— 15 RunA~TOBIHEEDA LA KEi1}
ARPERT e R4 DRBINEE LTS 5 1B OO,

Fig. 31—131ti3, AT LA ELEBRCETA2BE, EHEERT, TR 74 (fresh
spray ) KX DBMEBAOERE, EHREMICERLT LM, ABERACESLEEMICHBLTHE
DT, ATVAROBEREACEL-T, BREEAOCREEIRZ 7 L1 BEROEEICHLIL T C
EHbd b,

i HBHEBAOEARE

10D M O ITREARTEHRIZ, F74TINEEEAA v— 012 BRI LA LR, 20
BEREEINLT 1 0B TH ot LRV T ) VI EEBER TH AN T, BHRAENOSIBIIZSEIIRS 3N &

_9_
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EZ oD ZFLT A4 —sOEEE LTI 1 2 BRORIEROESHEO A4 BOTERERII T S oii,
L LILA8S, RER TV — AR TOS O BE I TN e 1o DT, A4 Y — L4, £ Fu
—4, 0T7—N—ARMIKE, Fig. 31—-14RENBLHICASHBEENEELI,

RV AN EBDIERT VA FHBICS X A2 RO oh, A7 VAEROFPRE -
D B R DT bt '

Run A—3TidAA 2—LZ80EM 5 0 %), MOEBTIRZDNE 0 FHBRAT L4 KT THE
Bih/od, Table 31— 16 KB IBEOTMMIR 7TV A (fresh spray) BT LA LA LIE
RFVABOBEELERT. AELD, B—2HETHET~Toa v EEBIE—ITEAINT
AT EMbind, '

iV JkEEEBETE® (washout rate constant )

MR T — 213 Appendix 3 1~ 1 KBS X@MEBH I, T2 TREBOAEANT
Ao

Run A— T B 2ZBEHF PREREORMEL BLUBMERBATONHAFigs. 31—15
~31-26iC/RTe T/ Tables 31—17~31—-23 KRERICH VT AZEEEF PRE DY EE
B R

Figs. 31—15~31—26ICmiNBLSIC, 27 VA ICLATF POR/ADFEEIZIZIZ 1 REEA
WKEHS>07T, FPORBUEERIRATEDLSNLE, |

1?:0 — exp & Apt) (31-1)
zzT |
C, =M t I B 2 SABRE (mol/m*]
g A7 A BB OXUREREE (mol/m*)
Ap =RIERIEEEH Chr ]
t =71 (hr)

Lirl, X7 A Dz BAERABRETm~DOF PO BRINE (natural removal processes ) s
FHhTHEDT, o RERATHEDENE,

Ap=Ag+ iy (31-2)
LT . - '

Ag=AF VAL AKEEETE Chr— )

An = HRINE T & 2L EEER Chr™')

HRNZICLEZFPORLEER, Bo AT VARLI-THELIT AT THEY, 714
KEABRFTEFEIARRBIC L 2BREFEERE LEHI0OT, BRNEDRIIZA T L1 FEOR
EEOFEETRE S o |

Table 31— 2411, COLSLTRDEEIHEDRT LA ICHY 2 KEEEER L 3 27T,
AFNIAVROKERESEZICENZ EB8bH 5,

Ft, FAHESF MY T AKBERERAOLES (Table 3.1— 8B ¢ Fa vEOEEELE
%, Table 31— 2 5ICRT, D vBKBK TR A F0 2 0 EOLEEEDIIN 1 2HETH S
B, FAGBT P ) TAENABLEICEST, KEEEIW] OMIZENLTO,

i, AFNIAVEORT VA BAORRE, BHNOYEBHRERETHE0T, THRR2Y
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ZOBALDLEE~OLENEBEC LA, . .

BRETOMERBICLD, 3vROEHIERMIHBAE L SITHMT 5, Table 31—26 1%
ERRIORBER 714 ICRG BEFRS v ROTHBENART, Buns A—4, 6, 8, 10 RFHO+Y
Bk%Z, RunA—7Tidhv@k (pHT7) %, RunA—12TR1FA5ET 1Y LKkEBEE
BhLisEo s vBKEER SN,

Table 31 =2 TIRAF VA KL EKKEDRE ARNBYROESDRICTL ABREARERT. T
EFRIVEBIUETFRIVEINI000, BHERKCRFINLZIVRIIHL10, #FravER
B2, o AidMmI000,77 38500 0BRREMERL TV, £3vRELTHE, EXH
DEBRTIX] 5, BE - KEZORAZTIINZ 0 0 0REFESE -, KESZFBEI T TOR
RO AERIL, BRBTRA #1030 ROREEEAIEEICHNT 25 TH 5.

Table 3.1— 28 KEKPICHE SN HEFPESL, SHLVRESNEERFPRBEOKBETR
+. BHICREIN:FPEASHE» ORESNEFPRIDATS 22, EREZOBHEANTHE
B—HLTED, SHBEDOAM/y JKLANTRERLD, avEBLIU YT LDORT AR
AOBEEEAHEL TLLOT EERL T A,

Fig. 31—27 3 vRNERABRBHHOBMEERT, CCTHERMHRRATESRS
Nnb,

: C

C
C,=¥hozavRRE {mol/m"]
C,=5ttho 2 v RRE (mol/m*]

PR T L4 OEBIGECRIBICHE BBIRIbICED, SEEHHIZt=0iC87 55800410
EEMICENT 5.

Fig. 31—28iz, b3 v RBE L BESESERROBERELRT, OHIZ, pHO5, 120
C, 48psia TAHNL Coleman'V DERAEE, Bigid, pHO5, 125 CictLTParsly'ic
Yo CEHE R Eggleton D mB#MART . EREHT Eggleton OERAMMAZ T &ATL
T4, ZhitEggleton DBHTIE, TRRIVEDABERUER I ORTHLERELID
THB %7, Fig. 31—-28Lkb, FikAvBkEAONEHRBO 3 Y RBESRICHLTH, >
5500THAZ &dbbb,

v RFTEORE

BMARSHEDORFOTHESHH, Run A- 3R MIOERTHIE I N,

BERICHT A Run A—4 Tit, BMESEAORABBEE THRSI 24, Cassel El)type impactor
ABROTRFPTESHIE I N, METOES — KESRTHAMNEERTIZ, Scientific
AdvancesEz)type inertial impactor ZHMEBNICEERA L TN FESAIE SN, 47
7B —ICKEESERTA20E S, BARII 3 0 0°FICFRENL,

Table 3.1— 2 9 ICHFTHEOHERERERT. —RANCEKHENEREEDRE (acrodynamic

g1) 0. F.Cassella & (Jo., Ltd,, London, England.

tE2) Scientific Advances, Inc., Columbus, Ohio.
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mass median diameter) i3, €V V4L, UV EBRAT VAL L THAT S, HFICITEE
mﬁﬁﬁbfw5a%igham $UP I OFBMBTICA v%0 B—04 ) 7 4 UL BBED
BRI L TKRAMERTEZNDT, Table 31—-20BDHERIBRLEBDELIV/NTHELEEZLS
ha,

V) HEMFA~DE

FHEME~DF POUEEBEZRAET 5700, SUHTIERICHE « OB OB FHE 5 Xht,
BEOAMBBEMICESE SH, EROUNBEFCE LIZTEELNE SN,

Table 31—-3 023 v EDLER%E, Table 31—-3 1Rty anhBEREERT. TERIC
BYEFEE (Runs A—3, 4) CEOTIVEBLT I aDRBEBNBDIL, B, 7=/54
¥302, Twa—166, REM SS—3040HTH2, KERK — EERCBTIvEDLE
BOEODIR, KEH 7=/742302, Tva— 166, 8, SS—3040ETH5., KES
— BRRLBOT Y AOLWEEBB DR, 7=/74r302, Twa— 66, KEH 8,
SS—304nETHE, REMBIRNKSLOEH NS 24, CHRIEBHFORHEE, BHE, #
MESHEE, XTLVAERNHOEETH A,

EEmOHH, RS, ME CERESHBERFCEESZII0T, NERRBRRKL2ERT— 4
DOREUEEA~NORELEFL ERCHEMTACEITELL, LHLAHS, HENEZAF -~ v s ¢
A1, FAERTEEBFICHT 2ERF— 20820 ECS EOBMNERLEOHEROFMEICH
ANCY: gl ra

CSENKMMESEANEIIZI 9BLI LN 7=/ 534 /302 TREINTHAENT, 7=/34302
KXY 57 - A ORABEENRICET ALEROFHEICEA SN, TOHEER % Table 3.1 -32
R |

Tmm3¢—33mm,ﬁﬂﬁm;%%ﬁ?—ﬁ%mwtﬁﬁbtﬁﬁﬁ&,%Eﬂiibibt
HERORE EARCHT 29HICEE) £2RT. MERHHLOBL—~HLTHWEEEZL SR, B
BRXOABEEROTYEAERL T2,

313 e B Wy rompm s SHEO hBRE
3131 avRokEx

NRFENZE)TAREFRTIE, R LIRRLZIVEREICELUTDL- 1 #7052 E 2 BITET
o TWaAN, LEUFICE OEgER~LA,

(D 3avERHEOBRS

DL—1®FATid, 3vREIBRAMNICRASENICRBINEERES N, LHALIMBSER
i, BERIC LS THRLSERT 281K, 37RE3 095503 2N EoiicblicsT
Bt E B,

Wi (Puff Release) 0BG E 3 0 AHBEBAKHT ARBHOHERKES, Fig.
31—-29%IKmRd. E#ﬁﬂ% (Natural Transport) OBICIIREEETERE LTH2 hr  HES
ha, ZoEa, BEIHICHTIREBIES 0 AMKEICET 28BOM L TREKE- TS,
(BEEBBEM A3, VIRRESC,, BHlEt L LTRATERINL.0=Cexp (A )E, X
FUABHBBAITIRAE LTI he RESBON LY, ZOBAICIEL25EUTIRLS TS,
LaLishie, BERHEORERIT~NTO A L THRFH (conservative) HIEEAEZ, X5

12—

€«
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2T A BECBEDIEZHOAE, RORTHLNHEEREE5I AT L8005,

(i BRIEBE s A OIS X IR DR

A DBEREEDBBANECS T EE, —RRIGRICHES C EARLTHEY, 22 VERENE
Ebﬂwcaéﬁbfwéocmxﬁﬁﬁ%m,&ﬁﬁ&(m&}ﬁmﬁe)TTmzfv4mm
KBEOTRIERCROERTHEEEZ 5NE, DL- 17 LTI 1A —EAICLTIROES, £
DRBPEF S DT HLWHBEEZREL, TOBRELTTRATLARREAFPORERTONG
NELT, THERE~OHAAEBL T 5,

Fig- 31-30KENONLSTART, A LTI B0 BELERICE~NE, 1 OEE—F
CLTOERBOREEAB VB AR TEELEZIONAE,

(i A7 VA REDE TEEORS

DL~ 1EF1T, A7 LA RKREETERFKERETEEETT2LIUELTV S,
DIRTEIC Ko THEBE) LT DML S i,

BRRERNTR, 27 VA RBRBLEFMCHLTH2AETEEINLINT, HEHFAICEEX
NBLDBECRBEZAAOTO A, T, WEHOEREIBTA 2 < LI50 ICREEE ITHE LTV
o HwnT, BYILOKRFEEETET T I2HE L OMERMIIEOY, DEBBRELELTRKESL
a, B#EFNLOoDLBRELT, HEBHFEEII/NEL LS, o TREHFEXHANTHESTSC
ERMEBSEETRATMT 5 LT,

Rantz & Marshall DREAOTINSEHRBI LM Fig. 31-31Thd. ZEDE.
WABTIR, ETFEEIZ100 11, KEOTHER10002ABRETHA0T, WHEHED >KIEH
ETEFTA2LLAEALVRIGEESK S BMPTIBRETH S, L LSS, NIUERERE
TRZOEHEELREL LS, '

DL— | €F A TRAKEFAOEBERDPEZBELTENT, $EBRDL—- 1 TFVICL - THET
#1 (conservative) 7D TFHEINL D,

v 2 UEOBIR

BERSEBICNT AHENERIRATEL oA,

%%E=—%;(OM—%wr) (3.1—4)
ZTT :

C, =Mt ek A5k S v RlE (mol /i)

t =27 LA #5H Chr]
=27V HE (m'/hr)

V =Kk | (')

Cpp =BREBTORT LA BEHERN I v EBE (mol/m® ]

Cp=/ZAVHNTORT L4 HHo 3 v KRE {mol,/m' ]

Parsly'® 10 ko TRV SNEBURSHEE £ AOT EREBHE L, & 5IcH 5XUC,, #EET

hid, kREnFons,
(3.1-5)

HOO —C'Zl:exp (_FHDE
Ho Ggoﬁ Cﬁl ) v

t)
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LT
C = C ‘
p— Sz Cu - . (3.1-6)
- Ho Gy Cp '
TdH, Ho IBMRESTEAITH S,
TR 714 (fresh spray ) &Ci‘ﬂ‘b’(&i(]ﬁl:O'Ed")%G)'G

C FH_E ' .
—E& = exp (._ Vo t) _ (3.1—-17)

ge .

EniEidH, ERBOETHREIC L TRECENT L, T, HEABOBRRICL-THER
ElhT A0, WREBKROBIAFHETLCEIRETS 5,

e BT AENERRD &S D TH A

WA ET 15) _(sfagnant drop model , IEAIMIEE D H)

oo 6Sh exp(u&.ﬁ&) :
(3.1—8)

E=1-2 a (o +Sh (Sh—1) )
22T
Shevr—vy = ~22 _ (-)
H D.
o 2
D, t, -
b =mmmkE= L (-]
a .
a,=a, cot &, + (Sh— 1) =00 aFHDE (-]
a —RiEOFEE ' {m]
&, =REOUEBERE | (m/hr )
D, = Ao B (/b
t, =R A RENETRRE , {hr)
e RAMEE 7L (well —mixed drop model , HHPBIZTERE) '
6k, t,
E=1—exp (—— £y (3.1—9
_ ' 2aH, :
W T (§tagnant film model )
) Gk, te
‘E=1—exp (- £ (3.1—10)
Za (Ho-ﬁ-ig)
kg
T ‘ _
K, =HRONEBHER -  (mr)
6k, t, | '
DL-1eFn (———— <0.1)
2a (HD-E-—ki)
£
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Bee & % (31—11)
k
2a (H,+—£)

ke

Tmm31—34aFm,&r42m,25WTmmﬁﬁ—§ﬁ%%zfﬁ4ﬁﬁﬁ90H%T
LB aik>0T, ZR2RAKHE7VORNYHERE (B (31-9) 2R%L LIRTRRET LV
(BE_. (31-10) ) tRkReFn (By (31-8)) OBRRHEEDLBERT, WHERET L
DT DSMIATE & 7 v £ D RTFH (conservative) HRRESZL 2 bbb,

¥4, Fig. 31— 331Cid, BEOETHERICLIBEREFVEZR2BARE =T v ORKE
WoZiLaRT, HC 102 T, HTE#H50 ft PEicthid, KENOREASRIGERICIEL
AEEBL B LIZEHOC Ebh B, IHICH> 10 TR, DEBEICHT 2R OELEEND
I ADT, BEAORSGREETUCREZI DI,

250 FOKES —CHZ2F4A5002E1000 s DB METFTTIHE/ICONT, BEFVOR
WHEEOEEFigs. 31—-34, 31-35KFRT. chLORLD, DL— 1274 TR, BIX
ENEFPIE- THBHSEMINTOCREEZEEL TOEOVOT, ENEETAFDICFHMHELTO
BT ENDPE, COEDEERLDIERT AL, DL—1 7 A TEERLD BRSHOE
WERAEANELUTHERTACEICE - THE SN,

Fig. 31—36k, BNHRETHT 2HHROLEERT. 010002 ETRNERKRE
FLEDL~ 1 XL OBINDET—HKT 505, NS UHEHETRIDL — | e FLVizBHEREEF L
FD K& BREERTC Edb B, 851, DL—1 27 A TRBRHEERIZIZ 1/ 4k
WAILTHADT, RRTFHERFRIGRICENMETSELEZ NG,

KICIN R E O BEREEE Fig. 3.1—3 TIRT HE1000 2 DR TII, 150°FH 5 285 F0E
BB TRNSERENFEEECEL TE8 5 BEAL, 15002 TRE1 9FBHATE LoD S,

Fig. 31— 38 /kBEAETHA 0GRIEFRHICLBEMLERT, HI10° TR, BWETFNV
td A EHIEESEESKICED, HH>10° Tk, METAVEGIRIEFUEICLSZ L s,
Toir, H>10* i3, DL—12Fvid AOHEERMZLA LD, TLHEEREET VO
HFHBDL— 1 27t AOHKERBKENT Edibh b,

VM X7 LA BEEOEHREEERR

DL— 174 T, BHBOEEESEDPIEE~OEEL Fig. 313 9ICTRTREIC K- TH
BLTWA, LmL, Fig. 31— 30 0B nTHY.

vh  FERE & EHIED LB

CSEEROFMR T LA (fresh spray) KHd 2 TERS v EOKEEEEK L, DFHERE

% Table 3.1—35iCRT. €T T 2B (perfect sink) EFAVLRFHODL -1 £FLT
6k
HARMOEHERALE (B=—E2%) b0THY, KERFHE (MMD) LEHFHE (SMD)

CRLTEDENHEIN:, HECERINI /7 £ £~ £ Table 3.1—3 6ICRT, FiEOHHEL
L<CidKnudsen B ic ko TB o bOSMER SN,

kg F
Fig. 81-401, SARINEFICLSALEEER (1, = — B

Vud

) &ERNT & BKEE &
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EEEM OB ART. NbORREERE S EREHI—ETIE4%RL, ERISPIREUTK
ZEEERL TV, RERE L TARBESE (MMD) £AVEAIR, FEEIEREICHS
#19BENEERT. —F, EEFESE (SMD) ZRVAIT2 RS LEETT. BRI
EREEEEROEFBBRORTTH 20, HEICAVIF — 2 OFES L CEHEOREZE 2 6
$2&, BRALEDBEO—FERLTVAEELEL L D

HlikIk £ 7V (stagnant drop model ) &RAEBAKBET V (well-mixed drop model )
OEBEEENEORESY, Fig. 31—-4 1Ry, SEKELT, H, OELLTSH000%,
fRFEE LCHRTESE (SMD) 2A0 . MhoEREBA_RIMICL- THONBRTS
7. EEAOEBKODELNE, TeFnE bEMEE PR RO—FARLTOE,

Fig. 31—42i, ®FHEICL2EEOMNEDEAATT. MOKRERTE SNIR

LD ABEAFOBRMABRICEY ABNELERICHET A LBRBTHELEA OGNS,

3132 7o/ rEFORE

ERFFRLOBBRERE I, BRABRALERROFPHI T o/ ARFELTHET 5. C8
EstEOHAO—-, HRINFE (natural transport) KEAIT oV AREFORE, SLUK
MABEAT VA RET A NVE—RICLB LT oV AKNFORECETAF— 4284l LThot,
I EROBKEED, LOCAKLEELLEATTRRET., RFOBHICET 2T TV
DEAMERTCETH .

274 L ABRERADLIT O /'1!45’{%@@%!1 &@%ﬁ%tcxofﬂ{ﬂﬁéﬂé

(i) |AME (gravitational settling)

EHHBRIC L TRFIRAERKIEET 5, +ABEENTERATOENCK ALBEER, KT

ORBIEBEELEZ o b,
—_— Vg=mgB (31-12)
— AL | -~ (m/hr)
m =KFOHSE | (kg)
g =EHOMRE _ (m/he 3
B =HTOBHE (hr/kg]

(i 75w vi#fh (Brownian diffusion)

EEICNSBRTIR, T vEBBICL, THEREINS, 2T, ﬁﬁ%mﬁxﬂﬁm$ﬁé
AT, FOHBERRIFERITNTS S

B T OB ER3 Binstein oRX TV H S HEENE,

D,=kTB (31-13)
LT '

D, =KFOILEAK . (m’/hr )

kK =HLy =B X ' ' {(kgwm¥hr? 9]

T —#HRE | (K)

B =HTFOBEE (hr/kg)

Fr'o'sslingls) LD, MEBEETETFLTOARBONEDE (target efficiency) BRAT
HEioha, -
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05 Q33
4D, (2+06R, S )

BD = n (31-14)
zeT

Egp =7 7 v VEBOAEHER (-3

S, =RTFOLBAKICLE Y Iy MK (—)

R, =@V 4 / vZX¥ (=)

d =HHEE ! (m]

V, =REOKRER (mhr ]

(iD fE¥E@Z (inertial impaction)

BYE AT & o THRFDBHRERET 2 050, BEFHFESEL L, BRH 2 REIB~OFEHR
( targel efficiency) i3, K FofE-FE# (stopping distance) LERDERE (R b—2 280
PEHTH B

Rantz & Wong 2 it £ THIE I N ELHEIZ, BT v ¥y VRN ZHEBRE KL,
L LEBMABATHRE L2 2 s TORNFRMLTHATE 2 L5 UAEHROFT - 7R3 L
AEEZ SNTINIV, A b— 2 ZEH80.08 34T TR, HECLDERZE (impaction
efficiencfy') I3/ITIE B, .

W A4 v4—+7+ = (interception)

AV g—eFvs Y REFOBEN L RBERTH 5. BROREHSNTOFXEUACANG, K
FREEICE - THEELNZ, &E G 0FbbofEnEET vy iiNETHE, 45—+
Py 2 vOREHRIRATEL 50 BD

' EINT=3_%—D’ _ (31—15)
ZTT
Einp=A4 vF— %7z YORFEDR -]
4, —HREFOBE (m)
d =HHPEE (m)

N fi# k8 (diffusiophoresis)

27U A BRE AR MABARE L VENECOT, 27 LA REREIKEISEESN A,
ZORE, A7 UABRICHDIKEIOTNBSET D, RFHRR~EBHINL.

FbFR (slip flow) OESICKY BEEREIEED, RERNTICHLTRATEA b5

VD=(1+mzﬁ)€%Vrm; (3.1—18)
T . o

Vp = BOKBEEE Cmhr )

0,3 =T~ DHRE (slip factor) (=)

Ty = BEOEALDE _ ' (—)

Ty oo = S[HRKICBY 5 KEZDENFE (=)

D =ZRPDKELRDOU B (m¥hr ]
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BREETOBREAE V) o 13, SREELDHEING, V) ORMICL 2 BOBEICRER TR
LRI b0, KERE~ETHARTFASAN N ZAOARESZ 5,
EoMEHER, AUMITRATEA o 5,
4(1+06,71,)0,aC,,4T,

b= Ton T (31-17)

ZcT

Ep =#BH%kEIC L 2BENFEHR {(—]

AT ,=BBANTHOAT VA BHORELRE ( °K)

p, =RT LA BHBOYE : (kg/m® ]

A, =klENd&ihDBEE (kcal/mol ]

Cpp=27v4 W O Ko, | (kcal kg "K]

C =EBARNOLTREVRE (mol/m* )

a =HWEOERE (m)

h =0 THERE ' (m])

iy ##kE ( thermophoresis)

BEAQRIE L VESBRE~OHTFOBENEL, THLEHKEENI, LrLl, BRERAOL
50 KHER — ERRTH, BKBNIIEOKEICE LRI TS 5,55 BBk ic L LB EI B EIC
W/ NE VS b TIREL, ALFRENERHEE T 2 KETIIAXSLEENTS 5,

(iD HERFOEE (electrical attraction)

ETHEOR FREEOTE, HERKHFEFEHICERT 5, b LEFH LOEEOENBEE
mehhid, HEFE (target efficiency) ZEHETAH I ENTE 22 Kraemer & Johnstone24)
TEREAS THEMAE O LBRI T, BROZAHERLIG

CS ETHEFOBMIRESIONS,, ENCLIBEHRINTFORRICIEALEELSIN
beof:uzs)

Vb BisRE & ERIME D LBRE

HERERLTFig. 31— 43157, 24 L CRBREFERIENTHAZEERLTNE, &
fz, 0.1 p TERMNAEDERERL TV S, HERBRIAENCEINFRICREAHETHE, 001
~1 pORTFIRAMUTRIENIMERBIIL - T4,

CSENERERLIBREOREAFig 31— 44ICRT, NhoF—- 2 0RER, BIOKF
25Run No% 2BHOBMENRZAFLVABHERDOLTVAE, (HZE, 71idRun A-TOH1 AR
FPLAERLTVE, ) FHERTATERELDREILEEZRLTNE, 2hid, ART—-FLY
10 BT L ANTFRAECEL, HFEThikSBER LY, HTEENIDICAEL.
1HTHELEZ OGNS,

314 ¥ W

N%wf&U7»&%%@0SEm17v4%ﬁ;UK®%ﬁw%6nto
) RFLATBRIIER ATERI VEOREEEIKSOLTR, FHX T L4 BEERERCICKA
MEBEESEHE T NVOBITER L FHHIRO—FERL,

0 250°F TRFLAHEA2 OMEBEI-ERTR, avERBIT LI BhoHEINSG
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ZEiditpnti, CRIZBBHROAERBICLD, FERED 2 v RILEPAELTOERDTH 5,

3 AKBMPWR®2— hour DRF (dose reduction factor) i1, TERIvEIKHLTH S0
LHE XN, '

() THO CGRoBR+ FARERSF YD L) KBRICLE A FrvavEORER (EERDREE
FAT L ABITREREBO—FERLK

ZOBREEERA S TREERFEEEZRL, IR 7 VABRLD OABRBELETT 2 RMEKE
HERKAUTH T,

AFIOEILHTE2~hour DRFIY, ABMOPWRICHLTH LS LEESH,

6 TTrYATOREICHL, R4 REMCEALI.

HTOEEPKOBRESICLD, BREESEHHICELANTFIICSERRNTELARFLDD
RKThaHEEZONS,

CSENERF— 4L, ABPWRIBHERD2—hour DRFIZ, FFH (conservative)
CEMELT, 12 2&#EInk,



JAERI-M 7481

APPENDIX 3.1-1 LisTING oF PusLicATIONS [ssuEd BY THE CSE PROGRAM

Topical Reports

i.

10.

11.

G. J. Rogers. "Program For Containment Systems Experi-
ment. A Summary of Hanford Laboratories Progress During
1964 Under General Electric and Program for Future Work",
HW-83607, Hanford Atomic Products Operatien, Richland,
Washington, September 1964, 40 p.

C. E. Huck, "Instrumentation Development for the Contain-
ment Systems Experiment." BNWL-26, Battelle-Northwest,
February 1965. '

B. M. Johnson. "Containment Systems Experiment Part III.
Mathematical Models of Pressure-~Temperature Transients,"
BNWL-233, Battelle-Northwest, May 1966, 142 p.

N. P. Wilburn, and L. D. Coffin, "The Combination of On-
Line Analysis with Collection of Multicomponent Spectra
in a PDP-7," BNWL-CC-700, Battelle-Northwest, July 1966.

L. D. Coffin, "On-Line Computek Storage and Retrieval of
Processed Gamma Spectra Data,”"BNWL-506, Battelle-Northwest,
July 1967. | :

W. R. Weissenberger and E. L. Wells, "Computer Retrieval
of CSE Multiplexer Data,” BNWL-633, Battelle-Northwest,
September 1967. ‘

p. €. Owzarski,"Fortran IV Computer Program for Calcula-
ting Transient Heat Transfer Coefficients from Wall
Temperatures,” BNWL-552, Battelle-Northwest, October 1967.

E. L. Wells, "UNIVAC 1108/PDP-7 Magnetic Tape Compatibility
Program [,"BNWL-610, Battelle-Northwest, December
1967.

H. D. Collins, Sonic Anemometer for Harsh Environments,”
BNWL-~604, Battelle-Northwest, January 1968.

N. P. Wilburn, Multiplexer Codes for the PDP-7,"
BNWL-597, Battelle-Northwest, February 1968.

R. K. Hilliard, L. F. Coleman, and J. D. McCormack.
"Comparisons of the Containment Behavior of a Simulant
With Fission Products Released From Irradiated UO2",
BNWL-581, Battelle-Northwest, Richland, Washington,
March 1968, 140 p.



-

12.

13.

14.

15.

16.

17.

i8.

19,

20.

21.

22.

JAERI-M 7481

J. G. Knudsen and R. K. Hilliard. "Fission Product
Transport by Natural Processes in Containment Vessels™,
BNWL-943, Battelle-Northwest, Richland, Washington,
January 1969, 90 p.

L. F. Coleman. ™"Preparation, Generation, and Analysis of
Gases and Aerosols For the Containment System Experi-
ment", BNWL-1001, Battelle-Northwest, Richland, Washington,
April 1969, 95 p.

J. D. McCormack. "Maypack Behavior in the Containment
Systems Experiment--A Penetrating Analysis", BNWL-1145,
Battelle-Northwest, Richland, Washington, August 1869,
44 p. '

M. E. witherspooh and G. J. Rogers. "Air Leakage Rate
Studies on the CSE Containment Vessel"”, BNWL-1028, Battelle-
Northwest, Richland, Washington, :September 1969, 121 p.

R. K. Hilliard, L. F. Coleman, C. E. Linderoth,

J. D. McCormack and A. K. Postma. "“Removal of Iodine and
Particles From Containment Atmospheres by Sprays--Contain-
ment Systems Experiment Interim Report", BNWL-1244,
Battelle-Northwest, Richland, Washington, February 1970,
196 p.

€. E. Linderoth. "Containment Systems Expériment Part I.
Description of Experimental Facilities", BNWL-456,
Battelle-Northwest, Richland, Washington, March.1970, 100 p.

J. G. Knudsen. "Properties of Air-Steam Mixtures Contain-
ing Small Amounts of Iodine", BNWL-1326, Battelle-Northwest,
Richland, Washingtcn, April 1970, 75 p.

N. P. Wilburn, "Void Fraction Profile in a Nuclear Reactor
Vessel During Coolant Blowdown", BNWL-1295, Battelle-
Northwest, Richland, VYashington, April 1970, 137 p.

R. K. Hilliard and L, F. Coleman. '"Natural Transport
Effects on Fission Product Behavior In the Containment
Systems Experiment", BNWL-1457, Battelle-Northwest,
Richland, Washington, December 1970, 181 p.

A. K. Postma and L. F. Coleman. "Effect of Continuous
Spray Operation on the REmoval of Aerosols and Gases in
the Containment Systems Experiment", BNWL-1485, Battelle-
Northwest, Richland, Washington, December 1970, 127 p.

‘R, T. Allemann, A. J. McElfresh, A. §. Neuls,

W. C. Townsend, N. P. Wilburn, M. E. Witherspoon.
"Experimantal High Enthalpy Water Blowdown From a Simple
Vessel Through a Bottom Qutlet®, BNWL-1411, Battelle-
Northwest, Richland, Washington.



23.

24.

25,

26..

27.

28.

- 29.

30.

31.

JAERI-M 7481

R. T. Allemann, A. J. McElfresh, A. S. Neuls,

W. C. Townsend, N. P. Wilburn, M. E. Witherspoon,
“"High Enthalpy Blowdown of a Reactor Simulator
Vessel Containing a Perforated Sieve Plate :
Separator®, BNWL-1463, Battelle-Northwest, Richland,
Washington, February 1971, 273 p. .

R..T. Allemann, A. J. McElfresh, A. S. Neuls,

W. C. Townsend, N. P. Wilburn, M. E. Witherspoon,
*High Enthalpy Blowdowns From a Simple Vessel

Through a Side OQutlet", BNWL-1470, Battelle-Northwest,
Richland, Washington, February 1971, 66 p.

R. T. Allemann, A. J. McElfresh, A. S. Neuls,

W. C. Townsend, N. P. Wilburn, M. E. Witherspoon,
ncoolant Blowdown Studies of a Reactor Simulator Vessel
Containing a Simulated Reactor Core™, BNWL-1524,
Battelle-Northwest, Richland, Washington.

W. C. Townsend, "Defect Study - Pressure Vessel CSE
Reactor Vessel Simulator", BNWL-1554, Battelle-
Northwest, Richland, Washington.

M. E. Witherspoon. “Leakage Rate Tests on the CSE
Containment Vessel With Heated Air and Steam-Air
Atmospheres", BNWL-1475, Battelle-Northwest, Richland,
Washington, 67 p. .

R. K. Hilliard and A. K. Postma. "The Effect of Flow
Rate on the Washout of Gases and Particulates in the
Containment System Experiment", BNWL-1591, Battelle-
Northwest, Richland, Washington.

M. E. Witherspoon. “Leakage of Fission Products From
Artificial Leaks in the CSE Containment Vessel",
BNWL-1582, Battelle-Northwest, Richland, Washington.

J. D. McCormack, R. K. Hilliard, A. K. Postma,
“Removal of Airborne Fission Products by Recirculating
Filter System in the Containment System Experiment”,
BNWL-1587, Battelle-Northwest, Richland, Washington,
June 1971.

B. M. Johnson and A. K. Postma. "Containment Systems
Experiment final Program Summary", BNWL-1592, Battelle-
Northwest, Richland, Washingtion.

- 79 -



JAERI-M 7481

Other Publications

1.

10.

J. D. McCormack and R. K. Hilliard. "Natural Removal of
Fission Products Released from U0, Fuel in Condensing
Steam Environments", CONF-65047, Vol. 1, pp 178-195.
International Symposium on Fission Product Release and
Transport Under Accident Conditions", QOak Ridge,
Tennessee, April 5-7, 1965.

R. K. Hilliard and J. D. McCormack. "Fission Product
Simulation in the Containment Systems Experiment”,
CONF-65047, Vol. 1, pp. 588-602. International
Symposium on Fission Product Release and Transport
Under Accident Conditions,” 0Oak Ridge, Tennessee,
April 5-7, 1965.

R. K. Hiltliard, J. D. McCormack, and L. F. Coleman.

“A Comparison of Iodine Containment Behavior-Simulated
vs. Irradiated Sources", Am. Nuc. Soc. Trans. 10 (1)
June, 1967, p 338.

J. M. Batch, G. J. Rogers, and R. K. Hilliard. "The
Containment Systems Experiment", Paper presented at
ond Joint Meeting Amevican Institute of Chemical Engi-
neers, Tampa, Florida, May 19-22, 1968,

R. T. Allemann and C. N. Jackson. "Neutron Densitometer
for Measuring Void Fraction in Steam-Water Flow",
Am. Nuc. Soc. Trans., June 1983.

€. E. Linderoth and J. D. McCormack. “Facilities and
Procedures for Testing Large Scale Air Cleaning Systems
--Containment Systems Experiment", Proceedings of Tenth
AEC Air Cleaning Conference, CONF-680821, New York,
August 28, 19688, p. 27-54, :

R. K. Hilliard and J. G. Knudsen, "A Natural-Convection
Model for Predicting Elemental Iodine Transport In
Containment Vessels™, Am. Nuc. Soc. Tranms., 11 (2)
November, 1968, p. 668. '

R T. Allemann. “Dissolved Gas Influence on a PUR Design-
Basis Decompression", BNWL-SA-2746, January, 1970, 15 p.

R. K. Hilliard and L. F. Coleman. "Removal of lodine

Forms by Sprays in the CSE Containment Vessels", Am. Nuc.

Trans., 13, p. 210, June-July, 1970.

R. T. Allemann, A. S. Neuls and M. E. Witherspoon.
MMeasured and Predicted Liquid Levels During Blowdown

of a Pressure Vessel", Am. Nuc. Soc. Trans., 12, p. 883,
November, 1969,




11. A. K. Postma and J. D.
Particles by Sprays in the CSE Co
Am. Nuc. Soc. Trans., 13, p. 211,

JAERI-M 7481

McCormack.

12. A. K. Postma and R. K. Hilliard.

®pemoval of Aerosd]
ntainment VYessel”,
June-July, 13970.

"Absorption-of Methyl

Todide by Sodium Thiosulfate Sprays", Am. Nuc. Soc. Trans.,
12, p. 484, November, 1969.

13. L. F. Coleman and A. K.
Iodine Spe
Chamber",

12, d.

D. McCormack and R. K. Hilliard.

Postma.

"Washout of Gaseous

cies by Falling Drops in a Large Spray
paper presented before 1970 Precipitation
Scavenging Meeting, June 2-4, 1970, Richland, Washington.

"Scavenging of

Aerosol Particles by Sprays in the CSE Containment

Vessel®, Paper presented before 1970

Precipitation

Scavenging Meeting, June 2-4, 1970, Richland, Washington.

15, 4.

D. McCormack and R. K. Hilliard.
Cleaning Tests in the Containment Sy
Proceedings of the Eleventh AEC Air

"Large Scale Air
stems Experiment”,
Cleaning Conference,

CONF-700816, August 31-September 3, 1970, Richland,
Washington, p. 102-125.

Quarterly Progress Reports

BNWL-433
BNWL-537
BNWL-754
BNWL-816
BNWL-885
BNWL-894
BNWL-926
BNWL-1009
BNWL-1084
BNWL-1187
BNWL-1266
BNWL-1315-1
BNWL-1315-2

Jan., Feb., March, 1967
April, May, -June, 1967

July, Aug., Sept., Oct., 1967
Nov., Dec., 1967, Jan., 1968
Feb., March, April, 1968 -
May, June, July, 1968

Aug., Sept., Oct., 1968
Nov., Dec., 1968, Jan., 19689
Feb., March, April, 1959
May, June, July, 1969

Aug., Sept., Oct., 1969
Nov., Dec., 1969, Jan., 1970
Feb., March, April, 1970

July 1967

December 1967
June 1968
September 19638

October 1968

October 1968
Pecember 1968
March 1969
June 1969
September 1969
December 1969
March 1970
May, 1970



JAERI-M 7481

135

26 x10%cy Fr 16 x 10" CUFT

TYPICAL PWR TYPICAL BWR

N

_{'T_i

67
\_.)_l O 8
R

JFo. 700 CUFT 1350 CU FT.
CSE NSPP
——— e

Fig., 3.1-1 8Size comparison of experimental containment vessels with

typical power reactors
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DRWELL_________-—-—" L o= MAKEUP STEAM
L E; ROOM
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RECIRCULATION WER ROOM .
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Fig. 3.1—3‘ Schematic diagram of containment arrangement for CSE spray

tests
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Table 3.1-1 Physical conditions common to all spray experiments

Surface coating

Thermal insulation

R

Volume above deck including drywell 21,005 £t° 595 m°
Surface area above deck including 2 : 2
drywell : 6,140 ft 569 m
Surface area/volume 0.293 ft'1 0.958 mfl
Cross section area, main vessel 490 ftz 45.5 m2
. Cross section area, drywell 95 ft2 8.8 mZ
Volume, middle Toom 2,089 ft° 59 n3
Surface area, middle room 1,363 ft2 127 mz
Volume, lower room 3,384 £t° 96 m>
Surface area, lower room 2,057 ft2 191 m2
Total volume of all rooms 26,477 ft3 751 m3
Total surface area, all rooms. 9,560 ftz' "888 m2
Drop fall height to deck 33.8 ft 10.3 m
Drop fall height to drywell bottom 50.5 ft 15.4 m .

All interior surfaces coated
with phenolic paint(a)

All exterior surfaces covered
with 1-in. fiberglass

(b}

insulation

Two coats Phenoline 302 over one coat Phenoline 300 primer

The Carboline Co., St. Louis, Missouri.

b k = 0.027 Btu/(hr) (ft%)(°F/ft) at 200 °F, Type PF-615,
Owens-Corning Fiberglas Corp. :
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Fig. 3.1-4 Schematic diagram of sampling system to monitor
liquid flow on a vessel wall

CANTON S$TD RADIOCMENICAL
WALL FUNE HOOD
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FOR EACH OF THE WET WELLS {4},
THE DRY WELL AND THE STMULATOR.
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|~ 5¥1 (514
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i ke CONTAINNENT
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Fig. 3.1-5 Schematic diagram of recirculating liquid sampling system
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Flow
i
7P b\\:ﬁ‘f“j—.\‘\%
AN N R R R R T
T Intet 6B Six Silver Plated Screens 11 Screen
2 Teflon Ball 7 Silver Membrane Filter 12 Spring
3 WNose Cone . 8 Charcoal Loaded Filter 13 Body -
4 Teflon Gasket 9 Stop Ring 14 End Cap
5 Two Particle Filters 10 Charcoal Bed 15 QOutlet
Fig. 3.1-7 Schematic diagram of a CSE maypack showing filter
and adsorber arrangement
fpane] 7
13 L 16
: HQT CELY %‘5
2 n 14
Hoo? 5.5 P o VACUUM _V“ Hooo
U 7 dane - B 12 v-3[4 R-4
% i
% 8 g0, '
R-? 2 G y-2
A s
R-1 J 3 76 Py 11
ﬂ 18 18
PIETLTTIIIIET IS TIIITIY TSI S
1. (ODINE U-TUBE PLUS CONNECTOR TUBE 11. STAINLESS STEEL DELIVERY'
7 QUARTZ FURNACE TUBE LINE CONNECTOR
3. QUARTZ TUBE CAP 12, 2 LITER VACUUM FLASK
4. NICKEL BOAT CONTAINING CESIUM 13. 120 VOLT-20 AMP. VARIAC
5. 10 20 KW ALLIS-CHALMERS INBUCTIGN HEATER 1. DELIVERY LINE
6. UD, QUARTZ FURNACE TUBE CAT i§. i::?: Ji;cnr VESSEL PENETRATION
1. W0, QUARTZ FURNACE 17, pRY J::L PENETRATION
3. WATER JACKET INLET AND OUTLET -
5. U0, RESIDUE 18, ACCESS DOORS TO CAVE
10. TO 50 KW LEPEL INDUCTION HEATER
R-1 2 CFM ROTOMETEZ V-1 3/8" BALL VALVE
R-2 1 CFM ROTOMETER V-2 1-174" BALL VALVE (1" BORE IN BALL)
R-3 1 CFM ROTOMETER V-3 3/8" BALL VALVE
R-4 2 CEM ROTOMETER V-4 20 BALL VALVE

Fig. 3.1-8 CSE aerosol release system
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Table 3.1-2 Nozzles used in CSE spray experiments

Runs A3, 4, 6, 7

Nozzle Type: Spraying Systems Co. 3/4 - 7G3

Nozzle Characteristics: Fog Type, full cone

A3 A4, 6,7
Number 3 12
Layout Triangular Square Grid
Spacing 10 £t 5 in. 6 ft apart
apart . _
Pressure 40 psid 40 psid
Rated Flow 4 gpm 4 gpm
MMD 1210 u 1210 u
o 1.5 1.5
Run A8 . | o
Nozzle Type: Sprayiné Systems Co. 3/8 A 20

Nozzle Characteristics: Fine atomization, hollow cone

Number used
Layout
Spacing

Pressure

Rated Flow
MMD

g B
g

12

Square Grid
6 ft apart
40 psid

4 gpm

770 u

1.5
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ROOM CONDITIONS

A-20 NOZZLE

L

G-3 NOZZLE

= 40 psi AP = 40 psi

11 |] ] ] 1 | I T I

1000
DROP DIAMETER,

Fig. 3.1-9 Drop size distribution for sprays used in CSE

Table 3.1-3 Conditions for natural transport experiments

Wall Heat
Transfer
Temperature, Coefficient, Grams I2

Test Vessel °F Btu/hr ft °F Injected
D-1 Drywell 252 23 0.43
D-2 Drywell 250 23 0.60
A-1 Containment 181 37 0.70
A-2 Containment 185 37 56
A-5 Containment 253 0.31 84
'A-11 Containment 252* 0.31 98

*

Inttial condition.
allowved to cool.

Steam flow was terminated and vessel
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in gas space, Run A-1l.
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Table 3.1-4 Todine removal by natural deposition

Initial Liquid/Gas
Temperature, Half - Life Concentration

Test °F Inorganic Iodine Ratio
D-1 252 8.0 £ 1.0 6.1 x 104
D-2 250 9.5 & 0.5 6.3 x 10%
A-1 181 9.0 + 4.0 2.6 x 107
A-2 185 10.8 + 2.0 2.0 x 107
A-5- 253 15.2 + 1.5 5.8 x 103
A-11 252 21+ 4 7.9 x 103

Table 3.1-5 Comparison of predicted initial removal
of inorganic iodine with CSE experiments

Run
Number

D-1
D-2-
A-1
A-2
A-5
A-11

Measured
Initial

8.0

9.5

9.0
10.8
15.2
21

+

Predicte&
t 1/2

7.7
7.8
10.0
9.9
16.1
16.8
Average

ea

Predicted

sure
0.96
0.82
1.11
0.92
1.06
0.80

0.95
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) t112=38:t4 min
e 100 -~ {MAIN ROOM)
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) - "1/2 88 £ 10 min
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}— nly
= 1
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LJEn
107 L
10_2 1 ] ' ] 1
0 4 8 12 16 20 24
t, hr
Fig. 3.1-11 Airborne cesium concentration in typical
‘ natural transport test
Table 3.1-6§. Cesium distribution between walls and floor
: Fraction to Fraction to
CSE Test Walls Floor_
A-1 0.13 0.87
A-2 . _ 0.15 0.85.
A-5 0.08 0.92,"
A-11 0.26 0,74

-3 =



Table 3.1-7
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Experimental conditioms

- CSE spray tests

Run Run Run Run Run Run

A-3 A-4 A-6 A-T A-8 A-9
Atmosphere Air Air Steam-alr Steam-air Steam-air Steam-air
Temperature, °F ki kK 250 250 250 250
Pressure, psia 14.8 14.8 44 5@ 48 44
Nozzle type * s - . b c
Drop MMD, pd 1210 1210 1210 1210 70 1220
Geometric standard deviation, o 1.53 L53 L.53 1.53 1.50 L50

. : L I
Number of nezzles 3 12 12 12 12 12
Spray rate, gal/min 12.8 48.8 49 45 50.5 145
Total spray volume, gal 510 1950 1860 1260 2020 2300
J

Spray solution

f

*Spraying Systems Co. 3/4 7G3, full cone,
bSpraying Systems Coa. 3/8 A20, hollow cone,
*Spraying Systems Co. 3/4 A50, hollow cone.

4Mass median diameter.

°525 ppm boron as HyBO; in NaOH, pH 9.5.

13000 ppm boron as H3BO, in NaOH, pH 9.5.
£3000 ppm boron as H3BO; in demineralized water pH 5.

Table 3.1-8 Spray flow rates and solutions used in CSE experiments
Run Run Run Run Run Run
A-3 A-4 A-6 A-T A-8 A-9
First Spray
‘Total flow rate, gal/min 12.8 43 49 49 50 148
Volume sprayed, gal 128 490 490 490 150 444
Spraying pressure, psid 40 40 40 40 40 51
Solution : - = b « b b
Second Spray ’
. Total flow rate, gal/min 12,8 49 50 48.5 50 151
Volume gprayed, gal 385 1480 1500 1455 1850 453
Spraying pressure, psid 40 40 40 40 40 52
Solution . » ¥ € b id
Third Spray
Total flow rate, gal/min 12.5 42 16 45.5 47 149
Volume sprayed, gal 735 1890 960 2730 2820 1450
Spraying pressure, pgid 40 29 4 36.5 36.5 51
Solution L e . e « b
Fourth Spray
Total flow rate, gal/min t f f 48.6 50.4 138
Volume sprayed, gal f 4 f 2428 2520 280
Spraying pressurs, psid f f t 40 40 49
Solution i f ] 3 s 3

AFresh, room temperature. 525 ppm boron as H3BOj in demineralized water. NaOH added to pH of 9.5.
bFresh, room temperature. 3000 ppm boron as H3BO; in demineralized water. NaOH added to pH of 8.5.
©Fresh, room temperature. 3000 ppm boran 23 H;BQ; in demineralized water. No NaOH added. pHS.

dFresh, room temperature demineralized water.
€ Solution in main vessel sumyp recirculated

fNo fourth spray.

LFresh, room temperature. 1 wt%

. No heat exchanger used. |

Na,S.0,, 3000 ppm boren as H3BO; in demineralized water. NaOH added to pH 9.4.

Ay




Table 3.1-10 Atmospheric conditions
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Table 3.1-9 Timing of spray periods

Time After Start of [odine Release, min
Run | Run Run | Run | Run | Run
A3 | A-4 A-8 | A-T 1 A-8 | A-8
First Start 40 40,5 30 30 30 30
Spray  Stop 50 50.5 40 40 33 33
Duration 10 10 10 10 3 3
Second  Start 140 140 80 80| 80 55
Spray  Stop | 110 170 110 110 117 58
Duration 30 30 0 30 k1g 3
. Third Start 1473 | 1205 1565 | 1323 200 80
Spray Stop 1533 | 1250 1825 { 1283 260 | 100
Duration | 60 45 60 80 60 10
Fourth Start . . - 1443 | 1350 | 210
Spray Stop . L . - 1463 | 1400 | 270
Duration . L = 50 50 &0

*No fourth spray.

in CSE spray experiments

Run Run Run Run Run Run
A-3 A-4 A-8 AT A-B A-9
Containment vessel insulated . No No Yes Yes You Yes
Forced air circulation® Yes Yes No No No No
Start of First Spray  Vapor temp, °F® &l 71 255 248.7 250 249
Pressure, psia 4.6 14.6 44.2 50.0 50.7 44.0
Relative humidity, % 70 88 100 100 100 100
End of First Spray Vapor temp, °F° 77 77 229 224.5 243 230
Pregsure, psia 14.6 14.6 38.6 44.4 48.2 38.5
Start of Second Spray Vapor temp, k6 2 7 17 237 240 243 235
Pressure, psia 14.6 14.6 40.8 46.0 49.3 3.5
End of Second Spray  Vapor temp, °F® 77 77 202 203 188 218
Pressure, psia 14.6 14.6 29.5 38 3.1 M5
Start of Third Spray  Vaper temp, °F® 7 i 248 243 317 223
Pressure, psia - 14.8 14.6 43.9 46.8 415 38.0
End of Third Spray Vapor temp, °F? 7 Kk 233 230 218 18Y
Pressure, psia 14.6 14.6 40.7 41.8 32.2 27.1
Start of Fourth Spray  Vapor temp, “F® < c © 232 247 208
Pressure, psia € € e 42.4 52.4 29.8
End of Fourth Spray  Vapor temp, “F® - ¢ ¢ 192 175 197
Pressure, psia © c © 32.7 324 28.0

=Fan without duct located in bottom of drywell. 2400 it /min discharge.
baverage of fiwe thermocouples located at vartous elevations and radil.

*No fourth spray.
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Table 3.1-11 Typical initial fissjon product simulant

concentrations in the gas space

Cy, (mg/m")
Elemental fodine 100
Particulate-associated iodine 5
Methy! iodide - 2
Cesium 5
Uranium -]

Table 3.1-12

Test conditions for comtinuous spray experiments

Run A-10

Run A-12

Solutjon Composition

pH

Nozzle type

Number of nozzles

Spraying pressure, psid

Drop mass median diam, o

Drop geometric standard deviation

Total spray rate, gal/min
Wall flow rate, gal/min

Total spray volume, gal
Initial vapor temperature, °F
Initial pressure, psia

Vapor temp at end of fresh spray period, °F
Pressure at end of fresh spray period, psia
Average temp during recirculation, °F

Average pressure during recirculation, psla

Fission product release period, mip -
Mass of iodine released, g '
Mass of cesium released, g

Mass of uranium released, g

2750 ppm B, NaOH

9.4
Spraying Systems, No, 71G3
12

40
1210
153

49
2,3
2060
249
49

190
3.4

250
36

10
99

7.1
~2

2750 ppm B, NaOR
and 1 wt% Na;8,0,

9.2

' Spraying Systems, No, 71G3
12

40
1210
1.53

50
2.3
2200
253
47

217
34.4

245
47

10

o
4.7

~2
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Table 3.1-13 Fission product simulants in CSE recirculating
spray tests

Simulant Release - ' .
Parameter Units Run A-10 Run A-12

I2 release duration ~ min 10 10
Cs release luration min 10 10
UO2 release duration . min : 20 20
CHSI release duration min 10 10
I2 release mass conc® mg/M3 160 160
CH3 release mass conc® mg/M3 1.6 5
Cs release conc* mg/M3 12 7.9
UO2 - ZrO2 release s

con;* _ : mg /M N3 ~3

3

* pelease mass conc = total mass injected/596 M

Table 3.1-14 Measured spray liquid distribution in CSE tests

Total Spray Volume Recovered, % ,
wall : Dry. Well Deck Distr.

- Trough Main Sump Sump _ * 10, &%
Cross Section
- Area, % 2.0 78.5 19.5 ---
Run A3(®) 0.7 62.8 37.5 64.8
Run A4(2) 10.9 68.9 20.2 46.7
Run A% and : - '
A7(B) 2.1 68.4 28.5 ---
Run A8(?) ~G.0 73.0 21.0 46.2

a. HMeasured during shakedown test.

b. Measured from liquid level change during run. Normal
condensation deducted.



VAPOR TEMPERATURE IN HMAIN ROOM, °F
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RUN A7, 1ST PERIOD .
INLET SPRAY TEMPERATURE = 102 °F
_SPRAY FLOW = 33 gpm -

TOTAL PRESSURE

TEMPERATURE

~n
e
%]

END
OF SPRAY —

HEAT LOSS FROM
OQUTER SHELL
(METER RDG.)

~n
L)
o

PRESSURE, psia OR HEAT L0SS, Btu/(hr)(ftz\

| PARTIAL PRESSgEE,/"
STEAM (CALC.
. sl

PARTIAL PRESSURE Alk ~ :
225 & i E i | ] 20

0 .2 4 3 8 10
MINUTES OF SPRAYING

Fig. 3.1-12 Containment vapor temperature and pressure

*F

TEMPERATURE,

ABSOLUTE PRESSURE, psia

response to spray in Run A7

/- FRESH SPRAY (138 °F)
250 ON AT <4 min
UM S S— -
240 RECIRCULATING SPRAY -'f
OFF AT 1310 min
230 O VOLUNE AVERAGE TENPERATURE LK VAPOR PHASE OF MAIN ROOM
2B01~ W RECIRCULATING SPRAY
ON AT 50 min
OLD SPRAY : .
zlo i QPF ATl‘o “1." 1 L L 1 L L 1 L L 13 3
PRESSURE RECOROER TRACE
sz}
wl )
n
=
s
3% }-
s2f
1 I N S| I L1 L1 L

-50 & 100 00 - 700 900 1190 1308
TINE, uin

Fig. 3.1-13 Temperature and pressure for Run A-12

— 39 —
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Table 3.1-15 Heat removal from upper vapor space by a spray

Steam condensed from atmosphere
Heat removed from air
Excess steam feed over heat loss

Total Heat Removed from Atmosphere

1

it

1w

1

G, CONCENTRATION OF TOTAL J0DIRE, ugim®

10

4.8
0.08 x 10° BTU
0.07

10° BTU

X

10° BTU

X

4,95 x 107 BTU

FIRST 4
SPRAY RUN A8 TOTAL 1ODINE

—'—§' MAIN ROOM AVERAGE + 10

= o om e\, MEDDLE ROOM
H e e e LOWER ROOM

R A A BRALE |

,1.,
|
i

T

THIRD
SPRAY
{RECIRC. )
! 1 L 1 >t 1 1 .
0 50 100 150 1550 1600
TIME, MIN

1650

Fig. 3.1-14 Typical buildup of icdine concentration in lower
rooms

Table 3.1-16 Comparison of concentrations in sprayed and
Nonspraved regions of the same room*

Ratio of Concentration in Top Dome
{Above nozzles) to Average in Main Room

Particulate | Elemental | Methyl
Run No. Iodine Todine Iodide Cesium
A-3 1.25 1.13 0.87 1.13
A-4 0.49 . 0,98 0.98 0.92
A-6 1.24 0.97 1.02 0.87
A-T 158 1.87 1.80 1.60
Average "1.14 1.19 1.18 1.13

*During first spray period.
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Table 3.1-24 Summary of initial spray washout coefficients

CSE Run

CA-T7*
A-8*
A-10(2)*
A-12(1)
A-12(2)*

As Observed, min™'"

. : lodine on'|  Total

Run | Elemental | Particulate | Charcoal | Inorganichk
No. Todine Iodine . Paper  Iodine
A-3 0.128 0.055 0.058 - 0.125
A-4 0.485 0.277 0.063 0.43
A-6 0.330 0.32 0.154 0.3
[ A-T 0.315 0.31 0 " 0.20
A-38 1.08 0.99 0.365 0.6
A-9 120 115 0.548 114

Table 3.1-25 Methyl iodide removal
by thiosulfate sprays

Spray

Duration,

* Tast was an addendum to the listed run.

Table 3.1-26

Test
A-4
A-6
A-7
A-38
A-10
A-12

min
50
-1t
240
1270

120

*For f{irst spray period, corrected for natural removal on
vessel surfaces.
bIncludes fodine deposited on Maypack inlet.

Long term equilibrium of elemental
iodine in spray solution

Time o
Samplin
min
1300
1630
1500

260

1100
500

Observed Predicted
Removal Removal
Half Time Half Time
130 min 185
130 150
85 80
80 80
100 382

f
g,
Cs/Cg
2 x 10°
8 x 10?
4 x 10°
1 x 104
1 x 10°
>3 x 106_
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Table 3.1-28 Comparison of iodine and cesium mass gained
by liquids with loss by Gas—-Run A4

1st Spray “2nd Spray
Iodine Cesium Iodine Cesium
| Gain by spray drops; g 29 3.0 0.21 0.70 -
Gain by wall film, g 3.8  0.39 0.15 0.051
Total gain by liquids, g 32.8 3.4  0.36  0.75
Loss by gas, g 24 2.7 0.34 0.35
e gain by liquids
Ratio, S5r=hs aas 1.37 1.25 1.06.  2.14
‘ Ratio, SPI2y GIOPS 7.6 7.7 1.4 13.7
1°
- —
-1
}34 H— e e 4

(:q mg/liter

HPARTITION COEFFICIENT |

w? -7 , e (TOTAL INORGANIC—1C"
RUN SATES N
ToZ0%F . o—
P PSIA
3000 PR B-+Na0M, pH = 9.4 _
10'6 " 1 2 L . | 1 G’
0 100 m ) a0

TIME AFTER REEASE, MIN
Fig. 3.1-27 Time dependence of H
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g A 80% upsiA \\ '
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= B ) h
» ~ onawm S
F 8 2B S ‘
g 1 @ e 1 -800¢ N
;', ALL EXPERIMENTAL POINTS ARE FOR pH 9.4 SOLUTION

10

T T * ot 10t

- mg/liter

Fig. 3.1-28 Instantaneous inorganic iodine partition coef-
ficients for NaOH-borate solutions

Table 3.1-29 Particle size analyses - CSE spray tests
Aerodynamic Particle Diameter,(a) MMD, u

Run A4'?) Run A6(%) Run A7(°) Run ag(¢)
Cs U U Cs U Cs U

0.5 0.8

Cs
Before 1lst Spray 0.9 1.6 0.5 .
0.4 0.9 0.3 0.6 0.6 0.9

After 1st Spray 0.5 0.7

Diameter relative to settling velocity of a unit density
spherical particle.

Cassella Impactor; sampled outside the containment vessel.

Setentifie Advances Inertial Impactor; sampled within con-
tainment vessel. ' '
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Table 3.1-30 TIodine deposition on various noncondensing surfaces

Deposition at_End of Experiment,

ug/cmz and 1 o (%) _
Surface Material®  Run A3 Run A4 Rum A6 Run A7 Run AB
silver (P) 109 66.2 . 8.58  0.085 0.135
263 £20% 564 +54% 633
Carbon Steel(P) 5.58  0.284 19.8  17.0  17.3
2148%  £30%  $17%  35%  *48%
Stainless Steel 304} 0.052 ©0.041 0.52  0.088 0.050
(ASTM A240-63) *110%  *170%  *275% +35%  £66%
Phenoline 302() §.14  2.55  15.3  22.3  13.4
| 1458 +30% %253  +28%  *40%
Amercoat 66(%»%) 1.05 0.49 0.25 16.9  9.88
+18% +16% ' ;20% +18% +38%

a. & 1/2 in. diamy 1/16 in. thiék, 17/32 in. center hole.

Total surface = 64 cmZ.

b. Average of 11 locations
e. Coating manufactured by

Average of 22 locatiors.
d. Coating manufactured by

in main room.

Carboline Co., St.

Louis, Mo.

Amercoat Corp., South Gate, Calif.

Table 3.1-31 Cesium deposition on various noncondensing surfaces

Deposition at

End of Experiment,

.,-ug/cmz‘and 1o (%) _
Surface Material(a) Run A3 Run A4 Run A6 Run A7 'Run A8
sitver(®) 0.0118 0.0095 0.0039 0.00134 0.00062
+69%  +65% = 573  +35%  £62%
Carbon Stee1(P) 0.0042 0.0020 0.0034 0.00637 0.0049
£41%  +32%  +96%  +B0%  =34%
Stainless Steel 304(P) 0.0016 0.0026 0.00003 0.00056 0.00002
(ASTM A240-63) +76%  +57%  +68%  +84%  +61%
Phenoline 302(S) 0.0025 0.0035 0.0042 0.0079 0.0066
+52% +36% +40% +13% +55%
Amercoat 66(P»4) 0.0039 0.0054 0.063 0.0100 0.0018
+33% 438 +45%  +37%  £45%

a. & 1/2 in. diam, 1/16 in.

Total surface = 64

b. Average of 11 locations

Coating manufactured by

.sz.

Average of 22 locations.

‘d. C(Coating manufactured by

thick, 17/32 in. center hole,

in main room.

Carkboline Co., St.

Louis, Mo.

Amercoat Corp., South Gate, Calif.
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Table 3.1-32 Deposition on vessel surfaces inferred from
coupon dataf(a)

Fraction of Injected Mass on Vessel Surfaces

Nonheat
Injec Mass, Heat Transfer Transfe Total Vessel
’ gEgsl ' Surface?c§ .Surfacefd) ‘Surface
Run I Cs I Cs I Cs 1 Cs

.526 0.00408
.152 0.00280
.537 0.00883
.873 0.0141

.602 0.00437

.260 0.00197
.0869 0.00135
.375 0.00388
.553 0.00851
339 0.00268

A3 75.75 3.078 0.266 0.00211
A4 70.91 6.378 0.0653 0.00145
A6 98.34 2.589 0.162 0.00495
A7 97.57 . 2.125 0.320 0.00555
A8 95.61 4.351 0,263 0.00169

0 O O O O
[ T e IO oo TS o T o

Phenoline 302 coupons.
From Tables 6 and 7.

327 m2 in CSE main room.

0 o R

2 . ,
242 m~ in Cse main room.

Table 3.1-33 Comparison of deposition by coupon data
with material balance calculations

Fraction of Injected Mass on Vessél Surfaces

Todine . Cesium
Coupon Material Coupon Material
Run Data(a) Ralance(b) Data(a) Balance(€)
A3 0.53 0.31 0.0041 0.043
A4 0.15 0.26 0.0028 g.11
Ab 0.54 0.44 - 0.0088 0.008
A7 70.87 0.58 0.0141 (-)0,21
A8 0.60 0.42 0.0044 . 0.16
Avg 0,54 | 0.40 0.0068 ~0.022

a. From Table 33.
From Table 6.
From Table 7.
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Fig. 3.1-29 Comparison of dose for puff release with
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Fig. 3.1-30 Cut-off approximation used in DL~1 model
to simplify approach to equilibrium
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0 :
ar ‘ 4 - 500 MICRON DRO
| / / L1000 MICRON DROPS
r

2000 M N DRORS

_ASSUMPTIONS

250°F, TEMPERATURE
SATURATED AIR-STEAM

62 FT/SEC INITIAL DROP VELOCITY
STAGNANT GAS FLOW

0.4

0.2]

o . . . _ L 1 ! L L —

o 10 o 30 40 e &0 70 80 % Ko
FALL HEIGHT ~ FEET

Fig. 3.1-31 Effect of initial downward velocity on drop
absorption efficiency

Table 3.1-34 Comparison of stagnant and well mixed
drop absorption models

EStagnant EStagnant For Rigid Droo
E For Stagnant E Model
Well Mixed Film Model Well Mixed
Drep Diameter . _ Drop Diameter
H 500 p 1000 p 1500 u 500 y 1000 u 1560
100 1.00. - 0.89 - 0.52 1.0 0.93  0.75
500 . 1.60 0.84 0.48 1.00 0.89 0.64
1,000 -1.00 0.79 0.50 1.00 0.86 0.65
5.000 0.97 0.82 0.72 0.98 0.87 0.g86
10,000 0.96 0.88 .83 0.98 0.92 0.92
10° 0.99 0.98 0.98
108 1.00 1.00 0.99
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b - A
ey = /
0.6 + //
e 1500 4 BRIRS IL/ LIQUID MASS TRANSFER COEFFICIENT
5 3 P L_J 4 ———4 CALCULATED BY STAGNANT
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1 } EALL HEIGHT - e0 FEET
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o2
]
|
190 1000 R ] B T ?
[ODINE COEFFICIENT PARTITION —H
Fig. 3.1-32 Comparison of absorption efficiency for two
stagnant drop models
— W= 10° -
L TEMPERATURE = 250 °F
PRESSURE = 48 psia
DROP DIAMETER = 1000 y
- SOLUTE - ELEMENTAL TODINE
TROP FALL VELOCITY = 10.7 ft/sec
I 1 . 1 ) ] 1 | ] | 1 H L
0 20 4G 60 80 100 120 140

DROP FALL HEIGHT, ft

Fig. 3.1-33 Comparison of drop absorption for stagnant
and well mixed drops
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FALL HEIGHT - 90 FEET

DROP ABSORPTION EFFICIENCY — E

— ATMOSPHERE - STEAM -AIR AT 250°F
T~ | /1oL ! MODEL DROP DIAMETER ~ 500 MICRONS
Ny
N
\
N
\\
N
THEORETICAL LIMIT 7 \ [TWELL MIXED MODEL
¥a
N,
-~
STAGNANT FILM MODEL

DROP ABSORPTION EFFICIENCY -E

100 1000 o000 107
I0DINE PARTITION COEFFICIENT - H

Fig. 3.1-34 Absorption efficiencies for 500 u drops
predicted from several models

—DL-1 MODEL
WELL MIXED MODEL
™ ;uQGNﬁNT FILM MODEL
/| /] | THEORETICAL LIMIT4~
. Y
NN
FALL HEIGHT ~ 90 FEET N

ATMOSPHERE - STEAM -AIR AT 250°F
DROP DIAMETER - 1000 MICRONS

“loo } 1000 10,000 gy 0®
IODINE PARTITION COEFFICIENT - H

Fig. 3.1-35 Absorption efficiencies for 1000 u drops
predicted from several models
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Fig. 3.1-38 Effect of partition coefficient on spray removal rate

Q1

MULTIPLIER FOR COALESCENCE EFFECT

oA

] 000! 902 Q003 GO0

SPRAY FLOW RATE PER UNIT VOLUME OF GAS
SPACE - GPM/FT

Fig. 3.1-39 Drop coalescense correction factor for spray washout
rate used in the DL-1 model
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Table 3.1-35 Comparison of predicted and experimental washout
coefficients for elemental iodine

Ay, Washout Coefficient, min™"

Perfect Sink
Model
) Well-Mixed | Stagnant -

Run | Experi- Drop Drop

No. | mental® | (MMD) | EMD) Model® Modet

A-3 0.128 0.127 0.209 ‘0.183 0.121

A~-4 0.494 0.405 0.669 0.561 0.392

A-6 0.330 0.381% 0.600 0.496 0.382

A-T 0.315 0.353 0.584 0.485 0.366
- A-8 1.08 0.342 1.25 0.846 0.763

A-9 1.20 1,00 1.80 1.34 116

*From first spray periods.
byUsing surface mean diameters (SMD) and H, = 5000.

Table 3.1-36 Values of parameters used for model predictions

Parameter | A-3 A-4 A-6 AT A-8 A-9

P /ft? 0.0726 | 0.0726 | 0.1220 { 0.1453 § 0.1512 | 0.1242
uy. 1b/(h £t} ] 0.0436 | 0.0436 | 0.0395 | 0.0422 | 0.0423 | 0.0409
Dy for iy, - E )

ft*/h 0.348 | 0.348 | 0.18% | 0.167 | 0.161 | O.188
d, MMD, u | 1210 1210 1210 1210 moe 1220
d,5MD, u | 980 680 880" | ° 930 650 990
Res 350 350 520 550 240 525
Aeb 238 238 350 375 175 385
e, {t/min® 382 882 120 (] 443 723
wy, ft/mink |- 740 T40 500 560 385 €15
kg, {t/min® | 22.6 228 14.54 13.26 14.00 14.56
kg, ft/min® | 27.8 27.9 17.95 16.38 16.55 17.75

fiav . It 40.4 31.6 3.7 38.7 7.5 .2
F, ft*/min 1.70 § 5.84 §.41 6.41 .28} 18.74
v, ft* 21000 21000 | 21 000 | 21 OGO | 21 00O | 21 000

*Based on MMD.
PBased on SMD.
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3. 2 F—by ., SELEHEF P

A—7Vy PEIFRFHTE, BAaDX TV ARCHT 3 3 v ROK[BSTEARORED SHFHL
B s, DOTH—EHORAEE, % SICNSPP (Nuclear Safety Pilot Plant )itk 3
BHABRZ T LA O E~EER SN,

NSPPTit, TR VE, BEIvH, N FRFPOREICDOT, Who & 7 BRIKER
( borax solution), ¥ED (VB +FAHEBF P U 74 ) KEK, & 7EBKEK
(boric acid solution) TAHTRF L4 ERThLI,

T, AFAVAHEEROANL ST AT LA RIC L AMEOEERE, BROMERYE XU
R, XA BEORBESRER, RSV ARCLERT Y VAFGENRAINERE LT
NTAH, ABSETIEFICNSPPICET 3 A L1 DEBREL FPRECHET 2EBERE - BT
BEBNT 5.

ik, A—27Y v PEHIHERCES T AMEEROFERMIC 0TI, Appendix 3.2 — 1 KN
LidEgerEdanily,

321 FEBEE

Fig. 32— 1 NSPPOT7o—v— 2T, ERERREER10ft, &X 151, FHR1350
1T, MFESOpsigDRTF Y LU AMBUTHL, EBHEEITII100gal DRAT LA KT, F0gpm
NF p v FRIFEREY S, EBECHE, v 7)) v IRABLUTF PRAZENRT OGN TS, 35
TR 2, AT LVABAIEORT LA ~y A —BFRToh, / AvOBEESLIUEREIETH
Zy T4/ XnELTIL, Spray Engineering Co, Momisting I 140D & ramp
bottomZ 171345, $4 Spraying Systems Co, BD full cone TIGIHMEHINI. R
FLAEBTIR, Gy 7Yy RELT, 5~0EDA M8y FEBEAL2F v+ v ANDA LT
o EBFEREN, T, $rTKkOG 7N v CERBAME, AV ARY STV IREGM,
BREZTFEY 7Y v 7% HBA OGN, ES5ICHFRF PicCET 2EBTE, 2@ACERE
BAHRF—FA4 o g2 —GFERZIN.

Sk, IVEERTRIL—+ -2 LT ™I MEASH, FPRTFERTIAUO, LU Cs, 00
BEAZN.

322 EBRER
3221 BRI vEOKERE

NSPPTit, o SHEKET 2 3 vEBREERLITON,

(1) Hiko+ v EkkiE# (borax solution ! ICEAEEE AL 1 £
(2) FABEEF P o LKEERCYAEHEER T 4 £

(3) EMREZ7T L4 ER (BERER)

TS OERER Y Tables 32 —1~32 -3 RT, EBEA7VAERLIDEEEREZ 7
AERITY > TR ERERERENBONTED, CNRBEALBETH L, TN, BERISIC
BRTLAEHSOIVEORBR OV NEZT VAR (~EE Ly ) OFRBERESEC B,
WIT, SHHDDO I v HBBERKICELILHTHALEEZ ONLE,

EfM (BER) A7 v1EZB T, FARBRF M) o skBdRiodLTREREELT2000,
Tt ok AN (PHO.2 ) KL TR 15088 5Nt Thd TBKARE L PHROREENH
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Yook v B AGERICH T A BREREIZ, W5 0TH -7,

—fiE LT, Fig, 32—~2iRuns 74, 76, 7TTINTAKMI vROBEEERT AP
DIVEBRFRZAS LA BERISTRHCHELTECL, TLNSPPTERRT L1 BAE | KT
TRIZVEBEICET 22 &850 b,

rHoOERLD, B (conservative ) {3HE L T, E&EOILER I v EDKEEEE
Mix, MO (KD B L FARBEF ) v ) KERICHLTLI000, ok BB
WHLT100, hoBkERICHLT25THELEZ o,

32022 HHzoROKKBRE

HE 3 o ROAERECELT 1 5 BoXRBTHNI. ERERT Table 3.2 — 4IKRT,

Run 54&Rmm44~47®%ﬁ$@.ﬁMﬂQEEﬁS%KﬂnﬁiﬁﬁﬁmT%%Kﬁof
AT

%#-, Run 69 & Runs 64, 66 LD, R VAER (2714 ./ ZoBE )26
TR 12RO 5 Tl B

cnskD, FAFESF FU Y LAKEROL S BEIBHAKBRERONAE, AFAIVRTHLT
LD ODRF (dose reduction factor 1A oNE T &, AT LAHEEERNS LD,
NEBHERERESZ R4/ AV EROTHRKERENENT 6 &b b,

Table 3.2 — 5iCl, 2—hour DRF {dose reduction factor )ik -T, LANGE 7 £
g — O xFu3vEOKERETEICHT 28T R,

3223 HKIRFPoOKESRE

BME S LT, Yrhod—-2E 27 v LRENOZERHRHA SN VO, —Cs, CO DL
y ML —H—CHERL, WEMEOD Cs, 0O, ERBEHED U0, & LIEU,; 0 BRI+ TERICHE
L%,

e, <Ly bhoOs fHUDHIZ, BEEE20000Mwdton OFRILEE S 17,

FEEUE JIUEBRERY Table 32— 6CRT,

KESLBBEBRNICEETAEAITR, RSV ARERICEHESAO T BEBER 7 » 7IRITHK
L ANMEREIN, CHEBHMNKCY 7y — )y 7BE LD, SHBORFREEORKICE -
NFATBTHRLEEZ NG, T, 27U/ BEBRBICEREED LRI EPHITRERD L
23 Ba

—fF]& LT, Fig. 32—3K Run 55L& A Cs BEOKMELL RS, Cs BER X7 LA
HEESHEIC 176 ICHIL, 20OBDRTFLA T LACHE TS, Fh, A7 VART L oERER &
TOFELERGC 3ICEL T4,

Table 3.2 —TWARFLAICLEw Yy sORERFRE LR . BRCEET ELXTHANE
fre R ERICHIER 15 3 C L bbb Be TIhBEHENAL 212, BRFHRKTHD, BEH
LR, BREFRBIINTH B,

v rielTit, ERhov s v EBESBEEBORERRIGEINY, HRET~SHBRERR
Hohllih 7.

PlEnEE LD, BTFRFPARESNZENEEBR, NFSEROKELLRARERTVIRL
ADERICEE HSBLADPRTH LT L0 -1,
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323 @iz

5231 27LAICEAMBRED

R ICBE L TR DE DS Sht,

(1) A7/ EBIREEETETT S,

2) BHLOBRBREITAREL TS,

(3) HBRMERTHZ, N6, RHEABCERRREELT, BEZOLHICE » TRENMICH
Bl oiib,

(4) #EflEir—ETH %,

(5) HEFRC L AR O TEELIITD,

(6) W% T, BRANEI—ERKETH S,
B -T, BRI Lz A F-FERIR

1 @ dr 8t
= =— (32-1)
gt dp dp 88 ¢
22T |
r:ﬁ&iﬁﬁ=(nf¢L/H@—n) [—)
=R =t/ (=]
P Zﬁ(ﬂ(m}‘fﬁé— rry : (-]
T =HE | . [KJ
Teo = SHARIRE [*K]
To =/ m%:.l:!*cmzfuﬂﬁfrﬁﬂﬁ (K]
o =R ELER [m®,/hr)
t =Kpf : [hrl
r =X H I EE {m]
ro =B OYE (]

BRANS LTEBEETORNE 2 AL, 24 E% ( Crank—Nicholson # ) ICX »TEq.
(3.2—1) OHERIKD SNl

SHEHEL Table 32 -85 UFig. 32—4i/RT. Table 3.2 -8 #Cﬂiﬁ*ﬁ{ﬂﬂ@{&ﬁ&ﬁ
WLt Brown 2 3 EHRLHHH¥TRT. ORNL DEEERIT Brown OHEEHBEIOEROE
EL%K§$EM%@&%b1m5°it,¢éaﬁ%;b%k%ﬁﬁﬁmﬁﬂﬁﬁiﬁmﬁwﬁ%
FEL T 5B,

Table 3.2 —9 @cNSPPiaJ:(ﬁk@%ﬁﬁe%&#c%U%ﬁﬁﬁmﬁ%ﬁﬂ%Fﬂwﬁﬁfﬁ&Tfa

Table 3.2 —9# X Table 32—8, Fig. 32— 4 kb, 10004l FOEETIANSPP
THITEACSHBECE - TETT 22 L, 22 EOARSHEETOIREBMESTRIZL
AESHEECIE -~ TERTT2CEBTFRIZND, COFHEHRIL, NSPPOERTRR T 1HH
DEAREICEE LI D - L EE—BRB LTS,

3232 ARFLACLETRRT vEOBRED

27 VA READ T Y EORIUR, KHALD > RRRE~D S v ROBE, KERETOFER
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%, WHNB~D3TROBEO=2>OHRProBEEN TS,
ORNLTIZZ DRI RTFH ( conservative ) T A7, WEERIKKRTETVILL,
I ERAFHEOS TEHAR~MESN S L L. '
HOICEAOTAL Lc B E AR RE LOEREHAR

7 X 2 8x% ax '
_ + = — = — {32—-2)

ox =ShX o=1 6 >0
CY:
LT

X =R = (HC, —C) ./ (HC, —C, ) -]
6 —MRUAH =Dyt 1 | (-]
Sh=v3»—vv FEi=k.ry/HDy; =]
H =& B R (-]
C =HEE (mol/m® ]
Cp =5MRE (mo L/m’ ]
0, =/ ALHITDORT LA EPDRE [mo 1./t ]
D, =W R DI BIRE (of/hr]
k., =¥ EBERK ' [nf,/hr]

W OLEEBETEODEE, Bq.(32-2) oRiikLTEL oM 5,

o 6ShPexp(—aft)
1-E= (3.2-3)
n=1 a?(d+Sh (Sh—1}]

LT
E =Bzt# = (Cyp —Co )/ (HC; —Co) ' (=)
Q,=0, cot A,+{(Sh—1)=00nnEFEHDR [~]

0 —HRTHETEM =Dyt 1o’ [—]
Oy = BBEXTOR TS VA MDD 3 v RRBE (mol,/uf ]
ty =R7 VA IRFEOE THHE Chr3

Fig., 32— 5EERFKREETRT, ShEMARIKENIEShEERTFEMNNCIESZ & &S ICKRUME
B EOHEFRICHIL T —H, ShEMNOBEREMNAEBHRERICH 5, 125 Sh
¥ 3 0 TIREHO 9 0 BHHAEEIC, ShEH0. 4 TRERD I 0 FHTHEALEETSDT, 04
<Sh<30 TRAEOEHR *Z/LCHELEDRFINITL ST,

DlEOSHELENRPWROBMARZ AL 1 DHECEA SN, SIECELTRAT V1 EHEAH
1 1EICHT, SoKROBEBATERL THESTONI,

(1) HHEOER, S&

(2) SR ORRIZE(L
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(3) RF ATk LEE

(4) BB O F Pick 2 .
$RATLABBRERE LT, 274 HREREGRSNAMCREASAS & RESAL,
FOREEREE Fig, 32— 6KAT. TERI vRBTAEEH SAMICRESN, XFLABD

BREGHSGEZ22TIORBEIRD LODD 5. BREAGKCEASHEDO 3 v RRER L

LDEHA—F B H->THEDT, RFVABROBRRELERHCHEL WA LABNISDITED
KEDFTON, IVENGABESBAMELRT LS, AT LA ROBBIFICI DL S 1IEBA
BHRENEL, COXIREHRILELVICNESLEY, FBAOIYEBEIOHBED 17200
frEICHL L T,
32338 XFLfickiEavEnRE
BHARSEHEDPOITEO I EEILRERIVE, FLLTAFLVIVROETEELTHEL
EZIohb, '
AFNIVRITRRI VEELANB ERIGHICE LD, —BWICERIBEHETH 2.
AFNIORORB~OBRNRRAHEBHBEETHD, BRI A FravRARPTHE LK
DLER BT T o o TRIBEERBPDOAFNITEDBEDHICE »THREEN S,
IGLAL L7 B R 8 X UBREHFE

8 2 @ a
¢-F— _Q:_;E+m¢ {32—4)

d ot p Op a6
=0 0<pLl 6=0

¢=1 »o=1 6>0

LT
$ =|EITRE = C/HC, =)
K =ERTIGEE=kry /Dy (=)
k =B—RREHEBEER (h )

Eq (32—4) oARXTE2 oh2®,

w ® 23l —exp (—k# ) expl~nt 736
E(k.8)=2% {Kko+ 2 (L Zexp explznm0)]

z ; — } (32-5)
n=1 k+n’r k+n'#

HEHKBRICLINE, A FrI3vEORFEEDACMNICRIGEREEROEFIRICHHT S C &R
Ehtce 0T, »FNAVEOCREFEFTHMIL A BRI EAETHEME 2 LENDH L
&IiTIT B, '

324 # @
 NSPPREBRFLVAEBICLDROBEANP SIS,

(1) TER2VRFXAFVIRIOBHEDLD>BYCTHLOBREIN S,

(2) TERIVROKERELHLTOETDRBORITEFVEREINI, HL, ZORFETL

et 2 D IZEBER 7 LA IO LaRR 3 O ROBREEE £ 070 D/ S HICHHET 241
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W&H 5o

(3) ZFULAILEAFNIATEOKIERERITETH S, 2ol dose reduction factor
EWTIHICR AT VA REROWEM. BEEONIBRT LS / ZAVOERLEEOHRBLET
Hbe

(4) BEOKBEEAYNSETHIOT, BAARREM LOLE®RZERL, »D0063 HED
FAGEF YU LAKBED10~100 fEDRIGHE AT 2 RELRMAORELE TN .

(5) RFULAIKELEBMMTEDORTIREF POREEFIITERI VRE A F L3 vHRDORETEE
DOMEBREE TH S,

(6) LIEICLD, BHEBZR TV A LOCAKOF P ORBE~OBEIBER T T3 2 8418
THbHT EIRENT,
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APPENDIX 3.2-1 LisTING oF PuBLicATIONS IssueD BY THE ORNL ProcraM

10.

11,

ON SPRAY AND ABSORPTION TECHNOLOGY

T. H. Row, L. F, Parsly, and H. E. Zittel, Design Considerations of
Reactor Contaimment Spray Systems - Part I, USAEC Report ORNL-TM-

2412, April 1969.

C. Stuart Patterson and William T. Humphries, Design Considerations

of Reactor Containment Spray Systems — Part II. Removal of Todine

and Methyl Iodide from Air by Liquid Solutions, USAEC Report ORNL-
TM-2412, Part II, August 1969.

J. C. Griess and A. L. Bacarella, Design Considerations of Reactor
Containment Spray Systems ~ Part III. The Corrosion of Materials in
Spray Solutions, USAEC Report ORNL-TM-2414, Part III, December 1969,

L. F. Parsly,'Design Considerations of Reactor Contaimment Systems -
Part IV. Calculation of Iodine-Water Partition Coefficients, USAEC
Report ORNL-TM-2412, Part IV, January 1970,

J. C. Griess, T. H. Row, and C, D. Watson, Design Considerations of
Reactor Containment Spray Systems - Part V. Protective Coatings Tests,
USAEC Report ORNL-TM-2412, Part V, October 1970.

L. F. Parsly, Design Considerations of Reactor Contaimment Spray
Systems - Part VI. The Heating of Spray Drops in Air-Stream Atmosphers
USAEC Report ORWL~-TM-2412, Part VI, January 1970.

L. F, Parsly, Design Considerations of Reactor Containment Spray
Systems - Part VII, A Method for Calculating Iodine Removal by Sprays,
USAEC Report ORNL-TM-2412, Part ViI, February 1970.

H. E. Zittel, Design Consideratiomns of Reactor Containment Spray
Systems, Part VIII. Boiling Water Reactor Accident Radiolysis Studies,
USAEC Report ORNL-TM-2412, Part VIII, October 1970.

B. A. Soldano and W. T. Ward, Design Considerations of Reactor Con-
taimment Spray Systems, Part IX. The Utility of Ice Cubes as an
Absorbent for Gasseous Fission Products, USAEC Report ORNL-TM-2412,
Part IX.

J. C. Griess and G. E. Greek, Design Considerations of Reactor Containment
Spray Systems - Part X. The Stress Corrosion Cracking of Types 304
and 316 Stainless Steel in Boric Acid Solutions, USAEC Report ORNL-TM-
2412, Part X, May 1971.

T, L. Hebble, Design Considerations of Reactor Containment Spray Systems -
Part XII. Variability of the Dose Reduction Factor for the Removal of
Elemental Iodine, USAEC Report ORNL-TM-2412, Part XII, May 1971,
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Table 3.2~1 Summary Results of Nuclear Safety Pilot Plant Todine Removal Experiments
Group l-Borax Solutions - Short Spraying Time

Run Number : 27 28 30 31 32
Spray Solution Conditions ’
PH 7* 9.4 8.1 9.1 9.0
Solution temperature I 120 30 30 ao
Spray nozzle indentification i713® 173 1713 1713 1718
Mass median diameter, p 1800 1750 1080 - 1100 1630
Flow, gpm 9.9 10.1 15.5 15.3 10.3
Containment Conditions
InitHal temperature, °C 130 13o 130 an 130
Initial pressure, psig 45 45 45 3 45
Experimental Results
Initial half-life from gamma intensity data, sec 48 48 24 a8 41
Overall decontamination factor 1620 1240 2470 3950 3320
Half-life caleulated from overall DF, sec 34 35 32 30 31

25elution for this experiment was process water without additives.
bOne Spray Engineering Co. Type-317 nozzle.

Table 3.2-2 Summary Results of Nuclear Safety Pilot Plant JTodine Removal Experiments
Group 2 - Sodium Thiosulfate Solutioms -~ Short Spraying Period

Run Number 21 22 26 33 38 42 45 50 .51

Spray Solution Conditions

pH 7 9.3 9.1 9.1 9.2 2.3 9.3 9.3 9.2

Solution temperature 30 30 30 30 100 30 30 120 | 120

Spray nozzle indentification J-140D3 | x-140D | 1m13b | 1713 | 7G3° | 7G3 7G3 7G3d N5-303°

Mass median diameter, y 200 200 1660 | 1550} 1290 | 1290 1250 | 1290 -

Flow, gpm : 0.57 0.52 10.3 10.6 11 11 11 14.7 15.9
Containment Conditions - .

Initial temperature, °C 30 30 130 130 ™0 130 30 130 130

Initial pressure, psig 3 3 45 45 10 45 5 45 45

Experimental Regults
Initial half-life from gamma

Intensity data, sec 317 38 31 21 11 12 14 14 35
Overall decontamination

factor - 6500 2730 | 2040 | 416 10 000 | 3800 | 28 0G0 | 39 000
Half-life caleulated from

overall DF, sec - 38 32 33 &0 27 an 28 22

2Twelve Spray Engineering Co, J-140D misting nozzles.

bOne Spray Engineering Co. Type~1713 hollow cone nozzle. :

“Three Spraying Systems Co. 7G3 (clusters of seven G-3 full cone nozzles).
Four 7G3 clusters.

“One Bete Fog Nozzle Ce. Type N-5-303 nozzle.
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Table 3.2-3 Summary Results of Nuclear Safety Pilot Plant Iodine Removal Experiments
Group 3 - Long Spraying Time

Run Number 37 56 57 72 73 74 75 76
Spray Solution Conditions
Solution . Thio | Borax-I"*| Borax-I"| Borax | Thio® | Berax | Borax'| Borax
rH ’ - 9.2 9.4 9.4 9.2 - B.7 9.2 8.3 9.3
Solution temperature 120 120 120 Cold Cold Cold Cold Cold
Spraying nozzle identification | 1713 7G3 7G3 1713 1713 1713 1713 1713
Mass mean diam, g .
Flow, gpm 12 11 11 15 15 15 15 ‘15
Containment Conditions .
Initial temp., *C 130 130 130 130 130 130 130 130
- Initial pressure, psig 45 45 45 45 45 45 45 45
Spraying time, min 184.5 480 480 240 240 240 240 240
Todine Distribution, %
Spray solution 85.75 87.44 76.898 85.13 70.82 74.42 71.21 77.01
MCV surfaces 3.78 7.25 4.32 5.64 21.36 17.80 8.22 15.72
Iz vaporizer 10.38 . 4.94 i8.22 4.60 7.53 6.63 18.51 6.42
Purge — on Ag 0.01¢ | 0.05 0.012 0.31 0.038 | 0.87 0.31 0.61
Purge - on charcoal | 0.076 0.32 0.56 0.32 0.25 .18 0.35 0.24
I Removal Performance b
Initial half-life, gamma, see 20 30 20
Overall decon. factor 6000 1877 6430 215 2440 107 257 153
Initial half-life, gas sampling '
data, sec 59 : 30 40 . 23
Overall DF predicted by
hydrolysis model 283 : 240 292 326
Run Number 77 78 Fi:] 80 81 82 |
Spray Solution Conditions .
Solution Borax Borax® Boric acidd Beric acid? Borax Boric acid®
pH 9.2 9.2 7.5 7.3 8.0 1.2
Solution tempera.tu.re Cold Cold Cold Cold Cold Cold
Spraying nozzle identification 1713 Specia.lE 1713 1713 1113 - | 1713
Mass mean diam, u -
Flow, gpm 15 15 15 15 ) 15 15
Containment Conditions :
Initdal temp., *C 130 130 130 25 130 25
Initial preassure, psig 45 45 45 5 45 5
Spraying time, min 240 345 240 240 240 240
Iodine Distribution, %
Spray solution 83.14 64.15 73.87 68.15 70.25 B83.93
MCYV surfaces 10.13 17.67 12.17 7.37 21.55 6.45
Iz vaporizer 5.88 16.53 6.41 22.46 6.12 8.04
Purge — on Ag 0.58 1.35 . 2.05 1.69 1.85 1.55
.Purge — on charcoal 0.26 0.08 0.50 0.32 . 0,13 0.02
12 Removal Performance
Initial haif-life, gamma, gec
Overall decon. factor ) 161 62 45 48 59
Initial haff-life, gas
sampling data, sec 33 65 36 141 24 378
Overzail DF predicted by
hydrolysis model 222 299 2.2 2.2 2.2
20,28M H3BOa; 0.17M NaOH; 4.4 x 10 i dProcess water used for solution makeup. .
bcontatned 0.013M NapS;Cs; 0.06M NaOH and 0.2M HyBOs. “Distilled water used for solution makeup.
©Solution on walls. fSpecial header to deliver all solution onto the wall.
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Table 3.2-5

JAERI-M 7481

2-h Dose Reduction Factor

Reaction Rate Drop Diameter
Constant -
(sec™) 1210 550
4.3 1.089 1.322
43 1.306 2.38

Building volume: 2 000 000 £© (56 600 m)
Solution flow: 2600 gpm (8.84 m®/min).

Calculated effect of faster reaction and smaller
drops on methyl iodide removal

Table 3.2-6 Results of particle removal experiments in NSPP
Run i:tun Rua Run Run Run Run Run Run Run Run
55 59 60 61 62 63 64 67 68 e 71
Experimental Conditions
Number of nozzles 3 3 3 3 3 3 3 ] 12 12 1
Type of nozzle 7G3 7G3 7G3 TG3 7G3 TG3 7G3 A-8 A-8 A-8 173
Solution flow 11 11 I1 11 11 11 11 7.1 14.2 14.2 i4
Initial vessel pressure, psig 45 3 45 22 45 15 ki 45 42 45 47
Initial vessel temperature, °C 130 27 130 100 130 130 70 130 130 13 132
nitial solution temperature, “C 30 2 17 15 100 15 13 |21 22 H 24
Spraying time, min 50 - 50 €0 60 60 5 60 &80 60 80 80
Results
Cesium release from sample, mc 188.8 126.8 86.0 2126 | 172.5 | 132.7 | 184.7| 950 | 107.9 165.8 52.5
Transfer to MCV, me 16,728 | 11.010 ( 11,27 35,31 24.71 | 12,99 | 30.32| 7.13 15.22 13.581 10.361
Found in spray water 15.001 | 5.622 10,042 | 3075 18,74 | 1111 | 24.75| 6.22 10.17 12,867 4,012
Found in MCV decontamination 1.572 1.207 1.117 3.83 2.87 1.663 | 5.03 0.872 | 3.14 0.652 8.317
solution
Found in purge 0.128 4.18 0.109 0.73 ¢ 3.009 | 0.216 | 0.54 | 0.041 | 0.011* | 0,09 0.032
Uranlum release from sample, mg | 5166 6252 875.2 6855 | 3353 | 4559 | 6629 | 1799 | B5LY 3025 [ 544.0
Transier to MCV, mg” ‘350 124,09 | 107.14 | 452.0 { 322.7| 393.2 | 1178 | 92.15 | 125.B4 | 271.46 | 60.71
Found in spray water 16.25 20,11 43.13 228.0 | 18.9 75.36 | 445.7 ] 5.59 25,51 13.72 12,530
Found in MCV decontamination | 329.76 | 88,58 62,79 201.0 ¢ 252.8 [ 309.3 | T16.5] 86.45 | 100,33 | 255.63 | 48.18
solution
Found in purge 19.2 6.40 @218 | 23.0 } 21.0 | 8.54 | 15.8 | 0.109 | 0.115% | 2.11 1.99*

*Values caleulated from containment atmosphere gas samples.
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Fig. 3.2-3 Cs concentration in MCV vs. time in NSPP Run 55

Table 3.2-7 Cesium decontamination factors
in particle experiments

Initial MCV ‘ Overall
Temperature Decontamination

Run {*Cy Factor

55 130 © - 118

60 130 93

64 130 522

62 130 7°

61 100 43

64 70 47

59 30 2.3

25_rmin spraying time.
bSolution heated to 100 deg.

Table 3.2-9 Approximate residence times for drops
of various sizes in an air-steam atmosphere

at 120°C
Diameter () ) Residence Time(sec)
ameter i NSPP.H=15ft  Lage PWR,H = 120 I
500 3.0 23
1000 14 10.5
1500 0.9 8.2
2000 0.4 7.4
3000 0.3 6.0
4000 0.2 | 4.19
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Table 3.2-8 Summary of results - atmosphere temperature
130°C, initial drop temperature 30°C

Time(sec) to Attain 9 for

Drop :)i)ameter Dimensionless Temperaturc of -
g #=05 6=0.1 9 =00l
Heat Transfer to Drop by Condensation and
Convection (Present Calculations)

500 0.055 0.146 0.265
1600 0.155 045 0.86
1500 0.31 0.95 1.83
2006 0.52 1.64 3.3
3000 1.04 is 7.0
4000 1.75 6.2 12,2

Drop Surface at T (Cakeulations of Brown®)

500 0.013 0.09
1000 0.03 0.3
1500 0.13 0.7
2000 0.20 1.15
3000 0.45 2.5
4000 - 074 42

4G, Brown, *‘Heat Transmission by Condensation of Steam on
a Spray of Water Drops,” ASME, Proc. Gen Disc. Heat
Transfer, pp. 49-52 (1951).
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Fig. 3.2-4 Calculated time to heat falling drops including
condensation and convection
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3.3 Cardimas Virginia Tube Reactor (CVTR)(ck Bz 0D

1 9 6 9FFMIC Carolinas Virginia Tube Reactor (CVTR) OBMAEBZEZ AT, ¥E
@DDBA (design basis accident } BREERIITHHN, FO—HLLTHBEMERZI T L1 0OHE
PHEI NI BEXBRRERL, BWESREEIEHHE 3~ FCONTEMPT L U'CONDRU
1 & EEmeET S,

3.3 1 HEEB¥EE

Fig. 33—1ic, CVTREMESZDHEEL S FICTFETELRT,

BHAESIEENED OB 7 )~ 87T, DBA (REITFMEAEL BrORM 35 psia,
215 FICZBAa LR ENTED, FORBICHEDL, —WAHR, EEREBELUF0M
DBBBRD ST S, $72,227000 ft° DEHBZERIIT operating region, intermediate
regicn, basement region EFFIENAF WM L= 00EEL LIS TE,

Fig. 33— 2 ESHMIERT, BTIROVTRHE500 1t BEfL7zk HREA Parr Station
ORI N, 1 inHEDL 2 6 HNRES DS (Diffuser) K VBRMEBRIHIE s 1,

Fig. 33-3RRFLAZERT, 2 A~ d~3I~xr 54 (Fig. 33—-188) E
M6 inlCHERESN, FSWRAT VA AVRBKEBETEA1TRE(T L SCHBESN .

RPLA I RE LTH, %'n@?@r3ﬂ&l in@ll—%FlSﬁ& 1% inOF 358D 3
ﬁ@%mﬁfﬁ}‘ﬁéni:o
332 EREE

RN 3EDD B AERHTbHIL,

(1} Test 3 | RIABBRIZAKEZICL T 8 psig CHESN:H, BRERAILL-TREIN
B,

(2) Test 4 ; BMMABMKERICEST18 psigliCMESINIH, 290gpm TR LA RED
12 = SREH 02,

(3) Test 5 : BMEEAKESICLo T 18 psig ICMESRI=#%, 500 gpm TR 7L A Rds

1p%ﬁﬁﬁ@énao

fEsT, R7TUARICEEZEEZRIITests 4, b THIEI N, 25IC, A7 VA KEIIA TS L
ANy £—CEDDF ONAE/ IAERICL - THEI N, KEREBR TS 0BRICZ 7 LA
HitE &N, M1 208ET ok, R LVAKOEBEBRBEAERITHONE Lo T,

3321 RFLA4XVDEBERTLAKENT
ERICEASNL X T LA 7 AR E B % Table 3.3~ 1 KR T,
R4~y F— i) AVBAMBSENRICRG ohTED, 2EANX T LA/ ZABENE

nmﬁwenkoTmbzﬁmezs—1mﬁfgam,@mﬁmﬁm%—mm7esﬁ/mn@&,
‘H 9 1EE LT 28850 / Al BICI O AT St BIZ A 7 W A4 kOB FEi, 2— in / X
(Bb/NSOREEETS) BAEFHLD 4 5° FHE, 1 in/ X VRERERBLICHT TRES

@.1%-m/x»(§@xémﬁ@%¢fa>mmmﬁ;@45§¢méfacta
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BMBBAD X7 LA KDKENI, BEE 13 in OBARAS I 2B2 M0 THES L,

ZNEBOEB%Fig. 33~ 4IURT, ERETR, ZEBAOKENAE SO, Figs33-5,
33— 61iCTests 4,5 CBF AR LA KEAMTERT, HE L OBRAERLMICDILSTRAT LA
KRELS BBEENTHARLLbI S, BWARBEEDR VA KBIITFEBELD/NTH L, &
NMRETEH 0.2 2 gal /£ *min Tho s

3322 RFVAIKLIBEDR

Fig. 33—71C, Heise gauge i k- THIE XN BMBBAEIORMBZE{ERT. Figs.
33—-8, 33—9, 33—-10ici}, 4BOEHEEBEL Heise gauge KX THESNIEAD
B ERT, EHSHOBERICLOAEMBICENRNT L, IRLEBMBESACEASFABENCLE
ERLTH B, '
BMABEROBIFNOREM %5 Figs. 33—11, 33-12, 33—13iTRd. FHERLic,

KESEER INTOAMOBREZE{LRFR CEMERL TV A, HIE operating region TldEERE

%, basement regionTIIELENEELRLINSQMIEE FRART, LHLIENS, KER
BEKRTERIIZ LA OHEC LS TRESANERICENL ST, 27 L4 BEHEEITIE,
ERMICHIz - TRNESNICA S LERESHSHFET 2, LOALUBLR T L1 IBWERLSKE
—BEFCTAEMNMSEZ0T, Figs. 33—11, 33—12, 33—13ICREhdLOK, EB
BMS 1 BB ORMEBAOEEZE, Tests 3, 4, 5IEHLTENETHEAI 0 °F, 47°F, 24°F
Et A,

Fig. 33~14i213, BWESE F— Aa8nBELTT, BRIMLHKRT 1 FElk, Tests3, 4, 51
WHLTENFNLITTCF, 155°F, 137°FTHd, T, AT ABENES (Test 3) itk
LTTest 5Tit, AL AL TILICEENI0 FETLICEIKA,

Fig. 33— 15 CERMBEBRREICHT 227 L4 OHRERT,. ThiD, 271 BEDR
BIZRIZRA L THRRASANORELB T A2UENEL LBbA,

Fig. 33— 1 6 I CIZBHMBERAENRHT AT VA OHRERT, TH LD, 2TV 1IIHEMN
REANEHER FCEHTHD, POR7T A E2FEITOAMEZOESESERINL Eob
Dh, T, RTVARBUEVE, EHOETHELOZ LERLTH A,

XLEBMEBABRESFEOR T VA KBEMHEI N, A7 L40ESRD ohl, DERITH
BRBBEAZINICL nO " LIS KAF LA KIMEBEHICHEESR, X7 LAKEBENHIES
Ntze (BHEEBEOEEALAXLTALHPILISTC"RERIOL 2y THE#SINIL. ) "L
" |2 operating region & & 4l 5 BATICEY o,

HIEOER R4~ F—LbaddbRn " LLIdC" (RFLL4~v & —~D3 1 ft TH)
T, A7V A KEBEERT TICBREESHERE LI TWAT &b, _

AT BOHREICHEASNICZAT LA MKEBE ESHEREORME(EFigs. 33—-17, 3.3
—18iRT, X LVAHEBREEICTHERAT VA KBEAEAAESHRIELSBELSRL, O
AT LA BB —FEELATR LT 0, ¥/, 250gpm TT5°F, 500gpmT4°F&, 2
FLAKBENRSENE, SHERTLIKOBEEZIDNELELERLTO A,

333 Miro— FEERAMED kB
Tests 4, 5 c_’)%iﬁﬂfﬁc‘: CONTEMPTA#H W 3EEREOHES Figs. 33~18, 3320
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TE - -

Fig. 3.3-1 CVTR containment structure
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Desuptrhegter Water Source
(Existing Boller Feedwatsr)
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Il -.- i i Staom) [{Timer anld )

Monuo E
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. | @ and Manual Fall 3 Disk
. A N :
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Parr Station hegtar VYapor Cortaines

o Ovar Prassure

Block Vailve
) €8

Cytinder Operaied
Steam Control  Valves
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FR Fiow Recorder

FX Flow Tronsmittar

P Preassure Transducer

PR  Prassure Racorder

PS5 Pressury Switch

PX Prussure Tronsmitter

TCY¥ Temperature Voive
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TRC Tamperoture Racorder Contreller

Fig. 3.3-2 CVTR steam addition system
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w o
S::::n gpm Flow Rete
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orain Level 1EH 1E]
FR Fiow Recorder
Nozzles [Spray Systems Co.) Num FX Fiow Tromsmitier
Type " Test 4 (290 gpm ) Test 5 (500gpm) Pl Pressure Indicator
3/4 7G3 8 1) TR Temperature Recorder
PRC Pressure Recorder
11/2-11/2 F3% 4 a Controller
1= nyvzrEis 4 8

Fig. 3.3-3 CVTR pressure reduction spray system
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Table 3.3-1 CVTR spray nozzles

Nozzle Huaber of Nozzles
(Spray Systems Test & Test 5

Company) (250 gpm) (500 gpa)

3/h-inch Type

163 8 16
l1-inch Type

11-1/2 F18 4 8
1-1/2-inch Type ‘

F35 b 8

Spirat (___Jib Crone
Stoirway @

/ N\
Stegm Gendrotor
K /
N

Haating ond Ventilating Sysiem

Emerqency
hateh

& Sproy Distribulion Con

Fig. 3.3-4 Spray distribution can locations
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(b} A 3a.iach Nozrle esd o i-isch Noirls wers Loceind of aoch @ Nozzle Pcsivﬂo-

%;b}‘ Light Speey=0.021 to 0077 gel/ 12 min

Madivm Spray~0.077 te 0.2) eni/nz—nia

-

@ Heevy Spray = 0,23 gal / 112 - min

D Area naot Mowitored

Fig. 3.3-5 Spray pattern, Test 4
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[a) A L/4.inch Mozzie o 0 1-1/S-inch Noztls were Locuiad of sech A Nozzie Positios

[B) A 3/8dech Mozile ond & Linch Moztle were Located al #ach B Nolxie Positiom

Light Sprey~ 0.083 10 0.13 gal/ 12-min

N Mediom Spray - 0.i3 19 0,33 gai/ 11Z-min

g5 Heory Spray - >0.33 g:l/flzmia

D Areag not Monitored

Fig. 3.3-6 Spray pattern, Test 5
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Fig. 3.3-7 CVTR containment pressure response — Heise gauge
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Fig. 3.3-8 CVTR containment pressure response — pressure transducers,
Test 3
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Fig. 3.3-11 Atmospheric vertical temperature profile, Test 3
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Fig. 3.3-12 Atmospheric vertical temperature profile, Test 4
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Fig. 3.3-13 Atmospheric vertical temperature profile, Test 5
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Fig. 3.3-14 Containment dome temperature
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Fig. 3.3-15 CVIR spray effectiveness, temperature
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Fig. 3.3-19 Pressure results of 290gpm spray test
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k20 Istituto di Impianti Nucleari T196 THLDEBWMERR 7L 1 OBIE LB
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HEGRELTREO,DHBHBEXR TN S,
(1) LOCABOBRMESRORE. EH, IBHEL
(2) BHMBERZRD>ORA
(3) 27l 4ickLsavikRE
341 SKBREE
FREEN 7 —v— % Fig. 3.4 - 1CRT,
ERBEEIXROCLOL OHEEEN TS,
{1} PSICOLI0=FRMER (MCV]
(i) fn#
(

iv 274 F

(

v} HERSTRERESR
V) 3 vRFEAZR

il EMy 7N TR

vl 3 v RIBEANES

Vil Bek s & ickR g E
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Fig. 34— 2iCMCVOBBERERT. MCVIRR 7 v LASMIED ORBHRT, #HFHEE. T
A 150C, Batm, BIHEARAEIL 1% day THb. EEORBER, Z0OROBARAS
(BLHeZRHE L I OmBICL B ) ick b, BEHERTTH AL &, EEIOTHRICTHA
TAHZ EBbir ot

LB A Xt R LA ) ZNEFDAT LA WEOTEEE Table 3.4 — 1IGRT . Pine—
Cone B/ RNVOHBBMABEBNImICHI - T—BEEES M52 5 &0 5. 158 Run
10145 Run 108 7!t Pine Cone (PQ) Blm/ Zvdi, Bun 1094 o Run 112 T
Spraying Systems CoBN7G3 / XnisffH I N,

Fig. 34— 383 vENY 7 v I/HRETRT. ¥ 77 ~RICIIES, Drierite i K
Tr4nE—, EHREBERETIONTV S, 3 VRERAERIEZ, PSICO10 nEBREETHEAS
NARC, HoLUHEEI002NESR (PSICO0) THEESHK.

SR LUHEMEAO 2 v RREIROFETHEIN L. §X7 L1 B THRIC, S~ 7w
BIULESC T HDAT LAY Y AR S A, WRSNAY Y FARGMIABBECLD 7
mhflEshT, IVREEBRD SN
342 EBRHEREBITZORET

Table 34 — 2 CEBREROFNEZRT,
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JAERI-M 7481

Run 107 THRNECEZ I o RBEORCHEE SN, BEERBMHIIA SV 1ICLDEE
HESIICH L THAATHENT, 27V ABOFETRARIE OXBILEE 3N,

| BF R F ) DAKEEO R T L4 BBTR, REBEN AT TH 1. TORERIZK
MO ORNL2 B ruBMIY OEBERE —H LTS,

1 BF ABEEF N ) o o KERCRETHKEER LTS 7 v ROKEHEICH I - 1 IMEED
St o7e '

X FUAICHEASNENKIE, RFVIRAFEBREERBRI VA KELTERSOLY, £
DERBEIRKOBOTH -7a

pH 7.1~17.6
EALLEE 2%10 'mho
Fe 001 g/ﬁ

Ca 0.2 g ¢

P, 1 BFAEERF M) v aKERORARICS LBEDKBER S,

Runs 110BLU111TH, RFLAKEERSVIBOa v RBEE (BRI NI, —iF
P, ERFRIVETE, AT VABEERT LA HOKEFEICK SBEBTO T EBDD 5.

Rms10&11&112?@,17V%*mﬁﬁ%ﬁﬁﬁbn,sz%ﬁmémavﬁmmﬁ
1S TNC 3 0 ZOEHH OSEIRGESHIE SN, Fig. 34—4CRun 108K 25M3
B EOBELLETT. WB0TTI IKEBRLLECATE, XRF V4B 503 VRDMERR
s Bt ede Run 10935 X Run 1121080 2 REARERIIN2X10 THo7e TOD
s manEt Peroenm® ¥ a0 —8ERLTVS. (AL, Run 110 TR 2PERK
ELTI0 B LN, CARMBEIDOAEEETS- 1o )

Runs 1105105112 T2, A7 LA BRICEHMOTHRR 2 vRBELSBIY 5 EMsEbohi
2. chilavEBABCECNESN T Iy ENEPSHEINELHLEL OGNS,

343 # @

O LOCAKORHETTPSICOL0 DEBEHOTITOALI T VAERID, AT V1K
ELTRIAKEALTS, FARES P v akEREALTHRRRI vHOBRRICE N TRELE
DN E E AT ENT T, MEOEFMNZEI, 2—hour dose reduction factor NHE
M EASELS RIS L b T,

BEMABEROIER 7 U4 EEASAN BBAOKREBA I, Runs 110, 111 LRKZE
BY I SIKTHINEND D,

e, GBS o RER (0lug/ /o) TORT LA ERE 2T L EROZECHT 5K,
LHBTONEFETH Do
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Table 3.4-1 Average drop diameter for two spray nozzles in a
cross section of PSICO 10 container

Average Surface Average Volumetric
Diameter {pm) Diameter (pm} ap°
Location | *‘Pine-Cone?’ 3/4 HH 6W “Pine-Cone' | 3/4 HH &W
b Nozzle Spraying Co. Nozzle Spraying Co. FA
0° A 450 700 510 780
0°B 800 830 1000 380 0° E 1l _ge
C 610 2406 730 3240
0°D 630 800 750 1060
0°E 660 780 740 870
20 A 530 - 570 -
90* B 600 - 720 -
50° D 580 690 -
90° E 3510 550 - 90°
*Schematic mapping of sample positions for flow-rate measurement on
PSICO 10 cross section 300 cm from the rnozzle.
10
'E/ venery o Middle ’
; e First spray A Bottom
i s , v Top
_‘I / econd sSpray
- 1 FE 11 b 1, e s
5 FlH I ﬂ g s p f
-0 g Zi / 7 o %
oL 4 ./ ./ %
s (|7 U v 7
2ol ] ] S Y 7
a B [ O Y A
Ty : 7 1 V4. v 7 Z
@ =~ | c
1 - H I/ A § -] /‘ /, /
Y A P e Pl
H H 35 F] 3 s x
g '; ; Third ;Fourth L,.:: § g ? § T I% E; %
'1;:1 - 1 spray Spray ‘é E E .‘_: "] :
2 Wk ,/f -—-—-a-—/ — g £ 2 -
5 o -] o -
E - ] 2 ;" b %ﬂ 2 - Vd L % 4 : ;
7 7277 % B
i .
284 / ‘ % / / ,// [~ /]
;3 1 e s J_J‘ [ 1 t 1 ) //I I r/l/ [ 1/: 1 1 ]A 1
10 ¥ i [ L 4
0 2 3 4 5 © 7 8 12 14 18 18 20 24 28 30 3z 34

Time from beginnitg ol release (h)

Fig. 3.4-4 TIodine concentration changes during long recirculation
with water (Run 109)
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Table 3.4-3 Summary of results

I Prefilter Overall
Concentration i - Concentration T3 Concentration T
Spray Solutions and Runs (ng/liter) {min) {ug/liter) {min} {pg/iiter) (min)
Sodium thiosulphate, hot
Run 101: 1st spray {208 sec) 0.1+ 0.4 1.3 - -— 0 L5
Run 105: 1st spray (300 sec) -— -1 2.0 7 2.1 10
2nd spray (861 sec) 0.1 +9.2 2 1.2 8 1.5 8
Sodium thiosulphate, cold
Run 102: 3rd spray (180 sec) 1x10°2 0.9 _ -— -— 5 x 107 1.7
"Run 105: 3rd spray (300 sec) 2 x 10" === | 0.3 - 0.4 0.6 0.4 0.8
Run 106; 1st spray (300 sec) 1.5 x 10-* 1 1x107* <0.8 5x 107" 2
2nd spray {300 sec) 5x10™* 2 —-—— -—— 10 5
Run 107: 1st spray (90 sec) 1x1072 0.3 | 1x10"® +2x10™" 0.3 1.2 x 107F 0.8
Run 108: 1st spray (300 sec) 4 x10°° 1.5 | 1x10™ 1.5, 7.5 x 10°° 1.5
2nd spray (300 sec) 5 %1077 2 -— -—- 2.8 x 10°° >10
3rd spray (858 sec) -— --- -—— - 2.3 x t0~% —
Natural deposition
Run 107; (3.47 h) 0.31 33° - -— 0.35 43*
Water, hot
Run 103: 1st spray {300 sec) 0.2 3 == -—- 0.3 4.5
2nd spray {300 sec) 5x 107 4 --- - 3x107F g
Water, cold ) .
Run 102; 2nd spray (60 sec} 0.1 +0.2 0.3 - .- 0.25 0.5
Run 104: 1st spray (300 sec) 9 %107 2 0.3 <1 . 0.53 . 1.5
2nd spray (900 sec) 2x10 -—- | €5x107? um 5x107? 10
Run 109; 1st spray (300 sec} 0.47 3 -— - 0.50 3
2nd spray {1190 sec) 0.13 ——— “-—- -— 0.16 30
3rd spray (1785 se¢) ——— . -— - 0.10 30
Run 110: 1Ist spray (296 sec) "
unwashed volume : 2 —_— —-— 2
washed volume 1.25 1.3 --- 1.3 1.5
2nd spray (286‘sec)
unwashed volume 0.6 ) 1.4 --= --- 0.7 1.5
washed volume 0.19 2 R - 0.21 2
Run 111: lst spray {300 sec}
unwashed volume 0.35 3.5 -—- -— 0.37 a.s5
washed volume 0.27 2.5 - -—— ) 2.5
2nd spray (300 sec)
unwashed volume 4 x107* 7 - --- 4.4 %107 9
washed volume 2 %1072 5 -— ——— 2.4x107 5.5
3rd spray {395 sec)
unwashed volume 2x107° <1.5 .- --- 2.1 x 107 2.5
washed volume 2 x107° <1.5 —-= --- 2.7 x 107° 1.5
Run 112: 1st spray {300 sec} 1.2 1.2 -—- --- 1.2 1.3
2nd spray {900 sec) 0.17 4.7 -—- - 0.20 6.1
3rd spray {500 sec} 5.3 x 167 7.7 --- -—- 7.1 %1077 16

acalculated from seven values by the least-squares method,

- 109 —



JAERI-M 7481

3. 5 R .—FUETHREY
z@l—?yﬁ¥ﬁ®&fm,%%@%sz4m;%awﬁ%%w%?5W%m,%ﬁuévm
MBS TOmE» eiThilic,
3.5 1 FER¥E
Fig. 35— licKBEBEOMBETRT.
%%ﬁ%m25ﬁmx%yvz%ﬂ?%6n%ﬁﬁﬁmﬁﬁﬁ@wﬁmmwm%mfwﬁ%@nf
ny, BEEEI50C, BREN/90psia FTOERPARTH 4.
%%ﬁﬁ%@%mtiﬁtxfu4@u,ﬁmmmaviﬁﬁﬁénfm;ﬁmFv4y5y7«
MESFICHEH S,
S U AR v s OENE S URBR O RHEORBE S RICL - THM N,
Fr . RS UA R, FA, BELESMICIE SN,
ﬁﬁﬁavim.1”1&5&wbkavmﬁU@A&%ﬁfﬁwiécﬁm¢91W6hu¢+u
v ATERGHERICEA S
S w B v, ARRRICET SR 0 DRERE Y - SRR TR LIc 27 7
Ik - Tiibhii,
362 KRR
100C Tttt 9 MOEBROERE% Table 3.5 — LICRT .
%%@%ﬁwﬁb19<t%Z@uLm%@ﬁﬁhnﬁmf,ﬁ$mu4ﬁ@%%%#?ﬁ@%ﬁ
DRI TV A
ﬁﬂtﬁﬁﬁﬁﬂﬁﬁ%ﬂ%%@(RMSLS)TMEE¥ﬁﬁ%&LT2ﬁﬁ&SOﬁﬁﬁéﬂ
o
mmSﬁmﬁﬁm.avﬁ%ﬁv&wmﬁmﬁtzfv4%ﬁf%éocc%,¢%%§@%%m
o ERICIHL pHEMRD «ED TH L, B KA E o pHESICE 260 TH D, BN
Bric k2 & D THEHL,
TEEHEENEHIMMERNL 3 TEHSL,
ﬁm3¢$%§m%ﬁ£m&Fm.35~2mﬁ?°mfﬂm%ﬁ%aﬁﬁﬁﬁmﬁmmﬁbf%
AT LTV 5o
$4, FRATEIVRBEENMIDE—THL L0 D 50
353 W Es s L OmaRE L RENE G LB R
E@d@Hﬁiﬁ%ﬁKEH%mm%%%%ELkﬁ%%?wﬁtféﬂ,%mﬁﬁﬁﬁbﬂto
L TIRADEERENT D,
Pig, 35— 3 ICKAERAT vRBEOHMEERY . BRORINELIIC, 3URRRIC
F o7, FOKEHRERAS LHO I 2OFBITHT 6N b,
() ﬁﬁaﬁiﬁﬁﬁﬁﬁcmg{%)m%é |
C@%émm.ﬁ%mﬁﬁﬁ%?@aviﬁﬁﬁﬁ&ﬁb.ﬁmaoiuﬁﬁmﬁbf%ﬁ%ﬁ%
AL, REEHRRRTEL 51 5.

0.693W
— Cotas—1)

T
Y2 T Kra

— 110 —



— e et et

JAERI-M 7481

LT
W=7 Nk (ni]
K =mHk 3 7 ROEHEER (-]
(of/hr)

F=x7L1HE _
a =274 EHhOLERR 2 v REOBRKZE (-]
(i} %3 vERSBBRENES _
L OBEAICIRRT L AEERTO 2 vEORIGEE (AR ) BETCLD, HEEENEEE
KR b T 2. KEEEERBEEELE JUEpHETATS %,
SHbn 3 vEBRERRNTEZL oL b,

1 Fo F\& @t
Cg=Bl— — — a+(~) —a) (35-2)
K KW W 4

LT
B =MAKDREOEELEDLTI/INF AL -
8 =27 L4 FEfH
i) SA3 vESERCRBEDNES
Cﬂ%éwm.ﬁﬁM®Mﬁ%ﬁ&ﬂ5®?,K%ﬁﬁuﬁmﬁzfv4%%ﬁ%bt%é&ﬁu

[kg ]
(hr]

T Ba
EREEIRRTE L 5N 5o

T 0.693W (35—3)
V2 B I .

zCT
B =/ 5 4% — (—]
K€ 2 2= Bi2, 7 Ak - TEOBEBRIED, HEBBRE ke, 27V 4 R TR

t, AT LA BEEEE RICE - T, AUHICRRATEZA 5N %o

3kgt
: (35—
R 3 4)

Fm.35_4m,m%ﬁ§mﬁ15pﬂm%§&%?°pHﬁemQSmefm%ﬁﬁmm%%

48, pHHE SICHINL THABERORMANTH S,
Fig. 35~50AFL A HBNOEEERT. 27V 1 HEBOHMICHIOKIEERENT 2 2

&ﬁibﬁ3éo
Fm.as—am,mﬁwaxﬁ—am%g&%ToBmﬁﬁkﬂ%ﬁ.%é%ﬁﬁ@ﬁmméﬁ.

K EESARLC EMbh b, |
Fig. 35~ 71iC, Runs 7, S OERELBAEOE Y RT, HAMEERBLIOLHRY

—HERL T b,

- 111 -



|
H

JAERI-M 7481

354 % &K

L MARFVARE BRI OROBRER, a v BBEREENATH S,

2 R a9 RREMB TR, hEKEECL-Th, 3 vERESEHICHONE, Ll
B TR RN ABERDLETH D,

3 MTEFULRIESA, BWREBMAShOTER T v RAER L0 FEsTHN

4 ﬁﬁ%?”m@ﬂ%%ﬁ,%ﬁ.pH,%m%,zfv4ﬁ%.ﬁ§%mﬁotﬁﬁwﬂbfﬁ
O, EBSRAERMEERO-BERLAY, ISICERKAETS 3,

- 112 -



JAERI-M 7481

ALOW METER

I0DINE SUPPLY

INTERNAL SAMPLERS
({LIQUIO SCRUBBERS)
" SPRAY TANK 25m3

T MAX PRESSURE 5 BAR

MAX TEMP 1459

GAS OUNLET

WATER SCRUBBER

| DRAIN TANK

Fig. 3.5-1 Scheme of spray facility
Table 3.5-1 Initial rums in spray facility at 100°C
Initial Iodine Spray Water Duration of
- Concentration Flow Rate Half-Time® Experiment
Run No. ‘Type of Run g/ m®) (kg/sec) {min) (min)
4 Deposition 3.6x10°% - 26 25
'5 Only 2.3x107* - 30 90
e Spraying 3.2x107t 0.633 15 35
7b with 5.3x10"* 0.045 17 35
gb Pure PH = §-7 1.1 x 10°® 0.045 2.5 15
g° Water 2.0 x 107 0.045 1.5 10
10° 2.3x10°° 0.045 2-3 10
c . -5 6 0-10
11 pH = 7-7.5 5.5 x 10 0.045 5 10-15
12 8.5 x 107° 0.045 4 25

*Half-time for spray runs not corrected for deposition rate.
bgpray nozzle Lechler SZ 0.19. '
¢Spray nozzle Lechler SZ 12.4.
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Fig. 3.5-2 Washout rate from initial runs vs. spray time
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+1
v
T

O, =%Mho 3 v RBEE (kg uf]
Co =R7 L1 BBEoSEbna Y REE (kg nd )
H=3 9 ROTHIE R (-]
F=x7L A48 (o /hr ]
V=%8H0KE [(m®]
Vo = A2 7 I 1 BRI OB ISR AMEAEE [m®]
t =27 A R [hr]

Fig. 36—13wid, x7LAEE&0In Y hr, SAEE 100, BAERARK 4 I’ KHH 5
Eq. (36—6) OFEBLHETRL T E, | |

T, AFLABDBETLTOAMR T L A I & QMRS ICESIRIEICS - T, HEho 3 v s
SfthiclshanEThE, FERNOIMH I VRREEARNTEZ o be

Cs (36—7)

HaLT
HF
02200 exp(—-?t) (3.6—8)

Fig, 36—13iCi3Eq. (36—8) bFLETRLTIS,
Egs. (36—6), (3.6—8) L EHEORELDERTOEAMHRZNEMIEq (36—-6)T
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ERlshTED, 100THBRAIIEq. (36—6)»5EBq. (36—8) ~DEBRELRLTNS
zEdshind, . _

Fig, 386—~14iKavEOBEOI v EKADR~OEEERT., I VEIBESMENVEI Y
FZORBLEFIAX U AEAMMBED SN S, Fig, 36— 1 43OMEE100CNBEOHRTH
24125C, 150COHBAICEFEOEENED SN, |
(i) JISHEKBHIC L 2 3 9 FKEEKE

MAKICE - THDED DI vHRAKENREBE SHLY, REHKERICK » TS oK E10KES
REBLEMTE B,

AEBTIR, IS VABEE LTI -8, F4HEB Y —FE5LUBHE / — FO&KE
O SH, BE~150T B33 vRKSEDENS0025m' Shr DR T L1 HEE TRHE 3

Figs. 3.6 —15, 36—16ICHtEY —~2KERICE2 I 9 RAKEDEERT.

Fig. 36— 15m0 1 REFNEY —FKBEOBA R, IvRKERESTRDBENT 0
ML TS, Fig. 36—-15, 36—-16&L0KEEFIBECLISY, X710 2R Y
B—EnERTRLINEZ &b b, '

R - T, Bk v— KIEH I U OKEERE IR R TR SN 5,

L (36-9)
dt
zZT
Cy =xMihona v REE [kg/m’]
t =27 L4 [hr]
ky =7k BRI E R Che ']

Fig, 36 —1 710 1MEF ARy — £ KERCHT LERBHR TR T,

KEEEE AT Y — S KBEROBEE LR CEAE RL TS,

Fig, 36—18ici3 0 1 BEHWE / — FKERICHT 2 EBRERERT.

Figs, 36~17, 36— 18X0, %3 vEBEIRMCHIL, 34LMIT100me,/ '
CIAT ENbdb. COABBELR, 3vREFIFRE Y —FLEORBRE-TELITTK
EOHEN - THEUERD, avETATRN LD EHERINI,

BREHAERICH U TEq, (3.6—9) KDk ol KBEREE Mk, Z Table 3.6 -4
TTe

iv) F¥a o RDKEER

FBavENABELTATFLITE, TFLITRBIFI - FRyEXYERL, BERP 5150
CHETAKEDBRBBEINI, COIEERE~B0CHIEBR, FEFTRF LI KEABNRE
&&—@tﬁohiﬁzfu4ﬁﬁwowtﬁbn,10mr450cm%ﬁm,%ﬁm$mﬁwma
~NENRGEREET A0, BRIKESETHS0BKR LA ICEBERBREDHTIThil,

2L AICEBKBEERICET T, 27V A 2iThRNEE0N I vRILEHOBB tRET 512
W, AFrIATRERR, BRNEBETOFEEAKEAL, REMAE LB ORREERLSAE
ENtro TORR, 2 0EHMBTLZOBBICIZEACEDED SNLD - DT, RERICH
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Woh#- BRI v RILAVRBBREBAE~ORESE STV SO LN SN, KERBROFERDIK
oBICIEGRES TS NI,

Figs, 36—19, 36—20, 386—-21ILRFMiCLBxFravk, 2Fra oL
I— FRyYEVDBERNLERT. WTHhORE, KBETH, BEREHBEHRMICHELLTED, K
&ﬁﬁm—ﬁ%mﬁotméc&%TLTmén _

K%ﬁgﬁﬁkwkhl(35—5)®K%%%E&G%Tmﬂe36—SKTT°F@ 36—22
IR KERERE ORBERER 2 RT. LA TOLOEREELRLTAES, CHTLFXK
RENEEOESB S IHAMIERT 2L, $HI - FRUVEFUHENEETRELRELFT, A F
NIVENBOENELZFBLEERLTI S,

Figs, 36—23, 36—-24iBKAFVACIARDBRECEFTR A FravHiia—Fx
VY DEEREILE, Fig. 36— 254N onERICEIIEBAOREE(ERT,. Figs.
36—23, 36—-24honfEilPig. 36—22&Fig 36—-25DHEEHANTHEKETS
4, SMAMICEAIEKEREOEABRFECRLAHEEEZEZ—HLTVWEOT, FHERREL
—FEBR B EAT LA DKEEREER A0 2FHE L, EROFRRICE 5 KEROFHME
T, HLREHATEIDLMREING,

363 # #» '
AV EOEADNEER, BETOESR AL I1ickdavRkEER, ARARCET33 0%
KEEER, RIGHKERICE 43 YEKEER, A7 v ROKREREO—FOERL D ROKER
B ol
1) BELLHF~OHRNEIR T Y VR~DERINEL DK TH B £ BRDEDEEIR
SHOBEOREMNE & HIcELBNT 2, ABBRESTOARRESDRIZPDEEBROKR D
SHBTALEMURETH S,

(2) A7V AICks 3 YFRABEER S vRREHEL U BRLMT 5. TKICKS 37 RKE
WA .m$mxm%m;@ﬁmwmb$ﬂénaﬁ;Dk155°

(3) RIGHKARIC LB 3 v FKMEER, TKCE 2 KEEEL DEFCATE L. £DKEER
FIRSARECL ST, —RRIGANTHE .

(4) HHIIEOKKEERLD, VI RESL LD NIVEETHE, BHREnE FTAHEK
LEPTERNT S L RSN,
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Table 3.6-1 Spray characteristics of nozzles used
. Capacity Spray angle Spray pattern?

Nozzle | Nozzle gflﬁlce {lfhr at kgfcm?®) (deg. at kg/em?®) (m)
type No. .

(mm) |70 o o] 1.0] 2.0] 4.0] 6.0 3_0‘10_0 0.5 E 14| 56 Al B | C
Full 1/8G1 0.94 — | 1927 371 521 620 Tz 80 — | 58° 537 - — -
Jet 1/8G1.5| 1.17 |26 | 30 | 41| 56| 77} 94] 110 120 52° [ 65° | 58° ) — — —
type 1/8G3 | 1.60 )46 | 58 | 80 | 112| 153f 183 215} 238 52° | 65° | 59° | — | — | —
Fog Jet| 1-TN4 1.05 | -— ) — | 64 | 90| 128] 155! 180 200| — — — | >0.9{1.68¢|1.07¢
type 1-TN6 | 1.10 | -— |~ {95 135 190/ 232 270} 300, — — — 1 >09|1.83d1.22¢

T The "B" zone represents the complete pattern coverage at distance "A”.

Coverage in the "C” zane represents about 65% of the total distribution density

N\
Glass tube-#(en

17

Stainless steel tube

AN s LI AN TSRS SN FFTESIFESS ESLTLIS S S
o --:. " et ". A :} ERCTR x'J_-_':-:. ,-1_-_:./,
X

A AL S L LTSI LS E AL TS
S

Heater

Iodine powder

Fig. 3.6-2 Todine supply tube
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RELATIVE HUMIDITY %)

o

" pPpEARD

55
1
%
&
100

T
£ 108, ABOUT 200 liter )
¥ WATER WAS AGDED 2
= ~— PAITIALLY E
o« E ° E
; o \:\gﬂ 5
=z
§ o, > EXPT  RELATIVE
« ° y - NO.  HUMIDITY(X)
g . o £ o
8 x P e 1t e
[ =4

g z 4 2 W0
: g o 3rd S (8O°C) — G
z
] - x 4h 100
-] \ y

. S ]

. 0.6
2
*
&
a.01 E I I L
30 « [ 120 50 ’ §
: L L . :
SORPTION TIME (rmin) . = & =+ A -
Fig 3.6-3 SORPTION TIME [mvint
* .. -

Variation of iodine concentratiom
with time by sorption on Sulphotite-

8000 at 80°C

Fig. 3.6-5

Fig. 3.6-4

Variation of iodine concentration

with time by sorption on Phenoline-
305 in natural cooling process from

90°cC
]
B g,
£ ‘*1$~Lh
2 3
[ 3
=
E
-
E
-
£ T
&
u
F o
RIS
g
g INTIAL TEMP RELATIVE HUMIDITY (X}
T a 1@
150°C. [ e MO, ABOUT 200 liter WATER
WAL ACDED INITIALLY
we 2 I
' N L N A 5
o0 ® 120 0 0 200

SORPTION TIME (min}

Variation of iodine concentration with time by
sorption on stainless steel in natural cooling
process from 150 and 80°C
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@ 25%/hr,Nozzle No.1l/8Gl

m 5{') 113 1t "

E’S 1] 11 1] 1/8G3
o A 100" " 1/8G1.5

[} g Lh " 1/8G3

" n

200

Time (min)

Fig. 3.6-6 Variation of I Concentration by Spray

Temperature: 25°C
Nozzle: Full Jet type

(o]

Q
[

0.01

©  25%/hr,Nozzle No.l/8G1
& 5o " 1/8G3
AN 100 v " "
“ 200 ¥ e m

Time (min)

Fig. 3.6-7 Variaticn of I Concentration by Spray

Temperature:

50°¢
Nozzle: Full Jet type
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Table 3.6-3 Removal rate constants of I in air
Spray Rate constant(hr™)
rate §gzﬂe
(¢fhe) ’ 25°C | 50°C | 80°C

k 0 — | 18| 20| 72
25 | 1/8G1 | 353 38| 9.7
50 " a5 —1 -
p 1/8G3 | 54| 5.9 103
k 100 | ysGLs| 85| —| —
" 1/8G3 | 0.0 10.1 | 12.8
200 " 124 ] 130 195
25 | 1/8G1 1.9 18] 25
50 " 29| —| —
" 1/8G3 38) 39| 11
ko w0 | 1eGLs| 69| ~| —
" 18G3 | B4 81| 56
200 " 10.8 | 110} 12.3
14+
» 25:C
a 50°C
12 ® 80°C
10+

~~

1

5 81

=

S

xB 6_

“r :
]
° /
iFox
o tan a=0,0642"1
| 1 L L i 1 | !

25 50 75 100 125 15C 175 200
Spray rate (1/hr)

Fig. 3.6-10 Relation between k, and spray rate
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WITHOUT SPRAY

s
-7
[

\\ \.\\ N
e e

\ao liter/h

. 10OINE CONCENTRATION [N AR {eng/Nitar]
x
)
»
TEMPERATURE I'CI

an P
® T T PP o0 e ® 120 ) Iz 0
SPRAY TIME {minl SPRAY TIME imind
Fig. 3.6-11 Fig. 3.6-12
Variation of iodine concentration by Variation of temperature in
spray Fig. 2.6-11

Initial temperature in drum: 125°C
Spraying water temperature: 25°C

H:PARTITION COEFFICIENT, 100
F:5PRAY RATE, 100 liuer/h
ViVESSEL VOLUME, 4900 liter
1:5PRAY TIME, h

1[t); A FUNCTION OF TIME

o«

<

z

é =g+ Mt

< - 1

£ ) el rn KL g
3 v
% A1 T~

o

£

g

\:/-.- e up(c;: -H-t)

i
1 2 4 5

SPRAY TIME (n}

Fig. 3.6-13 Washout effect in comparison with theory
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10 1)
: JMITIAL IODINE CONCENTRATION .
N e 19mg/lliter TMITIAL TEWP
. a 1amg/lir ©
\ o 1.2 mg/liter EN il S v i:':
x 078 mg/lie Tl e
N . B3 mfier '\ . e
5 o \\ . ] !
FRN S A,
AN :
§ \ \\ \\:\\ \\\h\‘\{\t ;
Eoall ) N -
z o \ - \ \ =
PV N :
w \ \F \. . S :\
3 3 T 8 \
\
0.0 L ] .
] * |‘u ] :u - «©
N s - e = } TNE (min
SPRAY TIME imink
] Fig. 3.6-15
Fig. 3.6-14 o . Variation of iodine concentration by
Effect of initial iodine concentration reactive spray
r * . °
Initial temperature in vessel: 100°C Reactive solution: 0.1 mole/liter
Spray rate: 50 liter/h NaOH

Spray rate: 25 liter/h
Spray process: Cooling by spray
Dotted line: City water at 125°C
: of initial temp.,
100 liter/h

]
3
MTIAL TEMP
v e
+ 13C
+ 150C
F
3
=
<
z
g
%
E o
-]
:
8
o
—e e
10 0 » )

TIME imiot

Fig. 3.6-16 Variation of iodine concentration by reactive
spray
Reactive solution: 1 mole/liter NaOH
Spray rate: 25 liter/h
Spray process: Cooling by spray
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Fig. 3.6-17

Variation of iodine concentrati

by reactive spray

Reactive solution: 0.1 mole/li
NapS,03 -

Spray rate: 25 liter/h

on

ter

Spray process: Cooling by spray

1]
INTIAL TEMP
& urc
S v e
\ Q@ sc
i by + wc
? i
H !
;
g
8 4
1
t
1
'
1
1
:
]
]
H
LT :
[ * ;n * ‘a.n '
TIME (rming
Fig. 3.6-18

Variation of iodine concentration
by reactive spray
Reactive solution: 0.1 mole/liter
Na,503

Spray rate: 25 liter/h

Spray process: Cooling by spray

Table 3.6-4 Washout rate constant of iodine by reactive sprays
{spray rate F = 25 liter/h)

Rate Constant &, (min™)
Spray Water {25°C|50°C™ | 100°C* | 125°C* | 150°C"
0.1 MNaOH |045| - | o045 | 0.45 | 045
1 M NaOH 0.57 - 0.45 | 045 | 0.45
0.1 M NagSeO3| 0.49| 0.71 ] o0.711 | 0.59 | 0.42
0.1 MNazSOs | 14 | >3 >3 >3 >3

'nﬂﬂalimmpenunxe1ncoohng;uncessh?spnuu
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CH3I concentratiom in air (mg/1)
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— 1 2008 /hr
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A i 1 il i 1 1 i 1 | 1 i
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‘ Fig. 3.6-20
i 3.6 : Variation of CoHsT concentration
Fig. 3. ~-19 by spray
Variation of CH3I concenttation by spray
spray
1 . o 25°C
. a 50°C
e BO°C

o

B
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o

-}

. 0.1 - 1002 /ht

3

el
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Fig. 3.6-21 Variétion of CgHsI concentration by spray
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Table 3.6-5> Washout rate constant k

and washout effect constant

W
a (k /F
(k /%)
CHsI Cz2HsI CsHsl
Temp Spray Rate
) F (titer/h) ky 07 o (liter™) By (2™ o {liter ™) ky (™) o (Liter™)*
50 0.043 - -
25 100 0.10 1.1x 1078 - 9.5 x 107 0.45 4.5x 1070
180 a.21 (9.8 x 1074P - (9.0 x 107%¢ - “.2x10H
200 - 0.18 - -
100 0.062 - -
50 150 - 5.8x 107" - 4.3x107™* 0.18 1.3 x107%
200 0.11 4.9 x 174" 0.087 - (1-3x 1074b
100 0.037 - -
80 150 - 3.7x 10" . - 2.1x107* 0.067 4.5 % 107*
200 0.073 2.7 x 107%) 0.042 - “.3 x 1074

"Presumed values from %, assuming that washout rates are proportional to spray rates.

bCalculated values from gas-liquid partition coefficients.’
Caleulated values from vapor pressure’® and solubility™ at 20°C.

0
(]
» -
o
) s 25c
1 L L
o.' A . 3 [l A L Il
2.8 29 30 2 1.2 3.3 34
1T a-1?

Fig, 3.6-22 Effect of temperature
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1
1
* IMTIAL TEMP: 100°C & INITIAL TEMP; T00°C
- w INTIAL ‘-rn.p: e _!_, B NITIAL TEMP: 130°C
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= 2 .
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5 —— : SN
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_____ z
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Fig. 3.6-23 Fig. 3.6-24

Variation of CH3I concentration by
Initial temperature in

spray.
vessel: About 100°C, 150°C

Temperature of spray water: 25°C
Dotted line was presumed from a in

Fig. 3.6-22.

spray.

Variation of CgHsI concentration by
Initial temperature in

vessel: About 100°C, 150°C

Fig. 3.6-22,

FEMPERATURE (T}

Fig. 3.6-25

TonME N

Figs. 3.6-23 and 3.6-24).
Spray rate: 200 liter/h

- 136 —

Dotted line was presumed from o in

Variation of temperature in vessel by spray (in




JAERI-M 7481

3. 7 BEsTaufEm S ) |

A EERT T, BRBER 7 L1 KL ABBRERESRICET 2HELITON.

371 FEREE |

EREEOEBE % FPig, 37— 1KFRT.

ERBEZIANEIIm, EX6m, B4’ , ARERE62m’ TH 5,

EAREIINE 06D, B2 3m, AM082m® T, 100KWHE ~F —ic X hANEDKE 75kg
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FicFEB SN, AERTCISEKEBAOTREL LTHERA .

WEAEL 5 —i25 0KWOREAEEL, EARBICHEIESALEKEMAL, BASKENET 3%
HBNEDTH B

KRB AKE v 7, KRy 7ELOBRIN TS,

BMEBEZ LRI -5 —, BBRY 7, GBHBLONMI, N2, N3DXT LI EETH
RENTHAE, st~ rFa) - FRoboBEHsNR,

2FVUA I ANELT2EEORT LA/ ZAERENs L Ebic, RESTIY VI REFI
L B27 VA ERbTONI,

AFUVARBORGEL LTI, ERHERT/ AVBEEELIZERL TR V1 BIEEBE
HoRBHLEATEEEL, / AVERAELTHREEZERELTICT 2 FEOmFBfThivi,

ERbFEELTRRO->OFEBFER s,

(1) BABBONERTHLLRA L1 DRNABEAET2HE (EEFER)

(2) AE(—TFRLTEL DN EHEBRBL O T VA ORRBBLHIET 25 (EXER)

1HE, BRERAESO /v —F v 7 FiC3E&E 150mm, &2 33 5mmofNHEsENIN, &
BREE D 5 DR T U A KOBEHERICX B EHREEOREDO L HICHEAS N, Fig, 37— 2icHf
DFMED %, Table 37— 1K E£DHEETT.

372 EHBRERBLUZzORE
3721 FEEER

N2DZTFvA ) AN EAOLREEER T VAL BB ERDELAELE, RV A KkE %/
5428—¢,LTPig. 37— 3KART. BHREENABRNEERNETF DM 171000 DT, RTV
AKBLEEDN1/1000 BENR TN, A7 LVAKENSOEESAOREEND, ERICHL
HAAEOBASKCHT 2RNERENARBLURAEREORSSA S OT, XRERITRE
BIUREKSOEE TR IO TAELEL NS, - T, EBERICHLZENS O ELSNE
THhbe .

T, ATVAKEBRERLIEOVESE, 27V I Kelir o BELTHADT, ThicksR
KOTMYRSBET ZLENHEH, ThiICLIHERREL THRVFVEBLUTTHEOTHE
mani,
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3.7.22 ERER _ _
EAOBRRETOUMNE—ERBORT L4 2T, EHREICH -8, BEsTbhL.

Fig. 37— 4T, BRMASROENREENICESH LI - L BROBRBEADEN L, £0
BOBHES 7 —ho0HBREL0BHRERT. B, AKKEZ AL LEWEEOEFRERT
M, CHEBHERERT Lo ARBYHETANDKLETH S,

3.7.23 BWMERELE»SOEBEBOMBE

A BREES 2 DIRBHERE %Ktiotmémmbmhﬁﬁu 56%E27v4&notﬁ
DRAT VA KIEHEAPOEDEND SR b,

THbht, A7 LA BCEASHIrORELNAIRBQ| IRATEHAL Sh b,

Ql=Qsp+Qloss_Qin (37—-1)

LETQep RRAT LA ICEBZRME, Qioss FBMABBEF4# > THTT KR, Qin 1

AGERIEA-TL BBBETH S,
—H RV A LD ERICEATKRCA-TRI2HEBTQ LTl

QT=Qin_'Q.lbss (37—2)
#iCEgs. (37—1), (37—-2)}4&D
Qsp:Ql'i‘QT (37—-3)

&t B,
BOQ 1 DR, RFLAKRE, BMASBMABESCRRT ST LNEI OGNS,

Fig, 3752714 EBHESETROLBETABE T 0p & Qt LORKER 7L A HE
BT A B LTRTe A7 VIRBERE LTBASKORE R RRCTI LI BES, &
5mumﬂﬁﬁgmﬂﬁﬁﬂx%m%Amm,cmﬁ@ﬁsmkg<§gf5;5mmag
37.24 BWABRAREKOEER

27V A HRIEER R Qin i3, %ﬁ*mﬁ%miammﬁvﬁaaﬁiéna 2T TQoss &
LTHAKE (27 L 4EL) DBANEEAL, &5icFig. 37-50Qt nfEtEATLA,
BEKEEP COERCLIERBQ, BHESND, TOKREFig. 37— 6 iR B DI,
fﬁhBQm/Am(ﬂm“Tm)T?To
37.25 RFLAETENEREDLODER

z#v4ﬁfﬁntiﬁmb®ﬁ%m;5ﬁﬁﬁm Fig. 37—2mTLtHﬁmﬁE£m;b

HExhs, $b5,

1 AT, o

ch=szch—A—t— (37—4)

Qed PIBRFVABBEZRLTHBEGZETL T AERAroHEIN S,
Qsn =GpwrwGsp(Ts"Tsp) {37—5)
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LT TFig 37— TERTHEBCLVAEECH» I KBHAE SN, T05, Bhohi
KT S -AREEROKTTOERIY, Fig. 37— 20RUANAERD LTKAM E0ET
AT S LR OBEBICHELTED, ARERERIC,rIKBBAETEELIICHE T3,

Egs, (37—4), (37-5) X0HEINEBRE Qe QuaPHETFig. 37— 8 ITRT,
LTl EDQun  Qeg ERINLONERCIZCHBBINEL TS, -

F4, Fig, 37— 9 Ti2Qq*"d. Figs, 37— 8, 37— 9 &biZ, EFmL oD
HENZTVIARBLESTHEMBBEROTEN (KERKODE ) RATRESZZEERLTNS,
3726 RTLAOBBILK

RENRARNES TR SATED, A7 VARDERSEC SRVLOETHE, XTVMiCk
DBESNBBABBEII G, Cow (Tvp—Tsp) THED S, ERICXT LA BPRRLIRARQsp L
okl

7= Qv (37—6)

Gsp Cow ( Tvp— Tsp)

ZRTLADBBINEREERET 50

2P A BEELSERICEBRELEQIIIZ—EENELIR/ AVHEORTOBEREEL KRS
27 %, Fig. 37— 10 1ICRT. 7@ pdhEiEaiizl Ko/h&iab, 271 BERRT2
RGBT BIREFLTLEIC b3, ChRFEAME B LAERORES FAY,
REREH ADEENAKEULDTH S,
Fm.&7—11uzfu4m%&ﬁ%ﬁ(130mmvhm}uF?ﬁot%ﬁﬁﬁféadﬁéﬁ
$é<ﬁawﬁm%mﬂﬁvmmé<uaﬁ@&%bfﬁb,nmﬁﬁameﬁidﬁmﬁm&ﬁb
CWBES5THBe ChHIL, RATLA J XNVETERBUT TRATNE RREHSAEIS1D
m,ﬁﬁ%@é%mﬁﬁﬁ%iﬁmﬁ&bef,ﬁﬁ@ﬂmﬂ$ﬂ¢é<ﬁ5tb&%ienéo
373 5 # : T

BRMEBI LA 38HDRRE, R 7 VAENEMERERICET LI TLZOREIDE
WABNSHEECSELVRAEETERT2LLTRBONTV A, ERERL D COREBLHT
LAELL BN EMEEohEil»fs THbBFig. 37— 10 IGRT LI, RTVIEDORK
BiX#E 7 (Eq. (37—6)38K) REMEBNENSPIENREELSCRLT S, 1, 2711
HEEAT L1 ZVDEBRBEUFTRNEE, A7 OBKBATSL LD AKEEROAEN
2o BBEINEy INELE, AL, FEOBRESImORETRAOVLERI VG0 D
T, A7 VARBEOE TEROKEOEROBMERTIE, BRNELLENLNXDRE(NLEL
EhffEEh A,
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thermos. thermo-
> couple{I} coupie(1)
insulators
45
i
i
thermo-
coyple(1) } :
’ ! copper
8. e | cylindar
Y 1
l“\ ! 335
N
ol
1
4ol
. ':90| P ¢
i _‘_'l
ol
] insulators
1
L ]
thermo=-
zgz;?:(I) eouple(l)

Fig. 3.7-2 Details of copper measuring cylinder

Table 3.7-1 Explanation of Fig. 3.7-2

Quter | Bakelite plate 20 mm X2 mm
Insulators
Inner } Silicone rubber 8 mm
M 0.2 mm¢ chromel-alumel wires
Thermo- "| sheathed with stainless steel
couples m 0.6 mm¢ chromei-alumel wires
sheathed with teflon
Y, 8900  (kg/m)
C. .| 010} (kcal/kg-°C)
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container pressure [kg/cmZabs)
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spray flow rate [1/min]

heat input to auxiliary boiler [KW]

time t after spray cooling [min]

Fig. 3.7-3 Depressurilzation by spray cooling

SUF
401
spraj nozzle 164
@ Ggp=39 1/min
& Gep=4l l/min
30l 5P

spray water temperature 30.5°C

v . ;

0 1 2 3

container pressure p. [kg/cmZabs)

Fig. 3.7-4 Measurement of Qsp by staticnary methed
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Fig. 3.7+5 Curve approximation 6f Q4
1500 T T T T T T T T T T
1000 p—
- o
L v
B ° . g Gap
500 — a v o 22.2 (1/ain)
v o
- v
o a 14.0
N e o 9.47
v -]
- v 7.61
0 1 ] i | 1 ] ] | | 1
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. AT
ratio between cooling rate and spraying rate (Et_va)fcsp [°c/11

Fig. 3.7-6 Rate of evaporation vs, cooling rate

- 143 -




JAERI-M 7481

.i

disk
\“ i }/
I 1 g
7 AN } s
droplet + N ' /|,
N | . i/
1N L /,¥ 390
([ 1.
AN /
\'\’i ‘a v //
-\\ e
~ . rd
N F
pan

:

(O
L
y

Fig. 3.7-7 Apparatus for measuring spraying rate Ggp
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Fig. 3.7-8 Evaporation on spraved wall
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Fig. 3.7-9 Heat flux from wet sufface during
containment spray operation
N
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steam-to-air weight ratio G/ /G,

0.2 0.6 1.0 1.6 2.0
| T i T l ! ] T T
1.0 — 0o 8, ]
8
~ 5 =laby stationary -

= method

0.8 |- avI T
@ v Cgp=4.0 (1/min)
o L o .
M %no"o °
g 0.6 |- -
-
5 | flow rate of
§ spray Ggp
9 0.5 | © 21.0 (i/min) -
N )
3 - by transient a 13.9 —
= method

0.2 + a 9.44 1

— v 7.57 n
o J | | |
1.0 2.0 3.0 4.0 5.0 6.0

container pressure p (kg/cm?abs)

Fig. 3.7-10 Heat absorption rate of spray

Spray flow |Spray droplet
! rate (gm/s)|mean diameter
! (o)
@ ! 160 1.08
- / !
PE @ __| 12 1.26
s )
,/ ! € 43 3.70
' —
L
?2’ @ 22 4.63
’ ¢
4 ," Nozzle No.2
@/
"
/F Pressure in contaimment vessel (kg/cm?A)
2 3 4 3 6
0.2 0.5 1.0 1.5

steam mixture ratio (steam/air)

Fig. 3.7-11 "Heat absorption efficiency of contaimment spray

(spray water droplet diameter variable)

— 146 —



JAERI-M 7481

4. ¥ L O

SEDEMBEBR 7V 1 HRICET 2 RBFIFICRY-SC & 28R, BREOEICH Shhi
HE*TX270BECHEMAL, BERREEIN L. 2088, LEEICH-2 X7 L1 EICHE
TAHAHEERMBH O hic - EbN 3,

BMEOERNEBREHL, EFOBMBEBA SV MBI ORMES, Table d—11CRT . 2h 3
THOALHRICL D, BWABAORBRE, 3£ LhLETEFPRECEIZXT LA OEY
BASEE Sh T 5. L LIS, ZOERNERBETATIREL, X7 LA HOK TEgT Y,
HRICHE RSN AR TETER LA LT, 2hooBEEERMLETNITE S HLS, ABET
RS ECATIRBECE ORBRL LT LD ARFICE L E - T B,

ATRBEORRE T RANICE LD ACELEEAL 2L SN AR, SROBEE LTLUFCH
~B,

LRI THLNAZ ORI, BB7 -2 2B LILEEE TIN5 EBON D, EFOME
YEFETEE, ASLIOBKBERTRAFLI75 922 (F/ (VW) TEEIDRBBOETS
BLRFVROEL, $, avRBREMRECELTR, IvEATHE LBELT, BREECH

AR ATREBEEFETERMSTONRTOSY, fRORF VL7577 2L 0BFRLED, (ST 23

DEBRESRCETIHREBLICR, Bt - FeLbhbwiUBFEALBINEEN S,

Ao, RATVAT Iy 7 ARATLAENEREEELIT, R VIDHBRE (R L 1 0484&
PR, NEBEYOREBF B ) BAT VABRCKRENEEEELI3LEI NN, TR
LT, I6HInEZFRFHLEOHRLET 23 vEKEDEEROBEEN— DBEELES
AB5HDTHB, BL, BNRFLVIAKER DD I vEKEYE (EBa, (3.6—5)8H) TERS
NTH3280%, BURT VL7579 2 RH-DOIOEKEDRTERELUBLT, BHLTAS
ZEbEZL oA, '

4 32

AHEETEHBICEL, B2 OBERE AN VLEZERFATEL O UL H IREROBRE
fric, BLRHOEmERLE T,

1) BEEREFACINE, A7 VAR DEBSNORETAKRTES b 5,

foT, FLRALAZ VA7 20, 27V BEEAL, AL RESTTRBER S (kg dU
FELCIKT2)HBEE, FAV/AN) e ZFLH LR ThIET, ABERORETA 7 V4B L L icE
P B LB RT £ B4 bh bo
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