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1 Introduction

.\lti;l,C'()tl 1 is a t'ully-integrated, engineering-level computer code, being devel-

, opod at Sandia National Laboratories for the U. S. Nuclear Regulatory Commission

(I._NIIC). tilat i,l(,tt(.'ls the progressio_l c.[ severe accideilts in light water reactor su-

., clear power plallts. The entire spectrum of" severe accident phenomena, including

reactor coolant system and containment thermal/hydraulic,. response, core heatup,

,togra_tatioll arl(t rcl(_cation, and fission product release and transport, is treated in

.Xlt:;[.(:()R in a unified framework for both boiling water reactors and pressurized

water reactors. The MELCOR computer code has been developed to the point that

it is now being successfully applied in severe accident analyses. Some limited tech-

nical assessment activities have been performed to date [2]; however, there is now a

ne(,,t to undertake a systematic program of verification and validation. To this end,

a llllmber of as:c._s_lent calculations are being done as part of a quality control and

te(lli,ical [t.SSOSSIIlt!llt prograrn, including soiree repeats of analyses done in the earlier

,_s:_.-.-..I_lent _.[[ort. ()no <>fthe new asscsslncr_t calculations specified was test LACE

l,..\ t. xvittl r,.,;t_ll._ _t_,ctln_.ntod iii tills rcvort.

The I3Vt_ :',erosol Containment t:;xperi_t_ents (LA(3E) program [3] is a coopera-

tive, effort 1o inv(,stigate inherent aerosol b(,t_avic_r fc_r postulated high consequence

_tc(i_l(,i_t situal i_)I_._xxt_cre tit(' exi._lir_g _tlttaba._o in iila,t_quate and wt_ich are not being

ad_lr_vs(,.d t)\ ol t_r ,_ourcc term test projects...\ccidel_t situations being considered are

th(,v_! for xvt_ich t_igtt consequences are t)res('II_ly calc_lated in risk assessment studies

i,e,",_.us_._cith_:r r Ive contair_Ir_crlt i._ bypassc_t altogetI_r, the contai[_rnent functio_ is
i_rli,i,.ir_,d _.,rlv i_ _[_, ,cci,!_,1_t. or d_,lavc.(t c_,,_tairtrrl_._it failure occurs sittl_llar_oo/lslv

,,vi_!, a larg_' fi//iorl-proct_lct r_'l(,a.-_'. A _eri¢,- (_f_ix 1,trge-scale experiments has t,ee_

,c,_ ,!,,_,re(t a_ tt_,, (:(_ilt_tillrllC,I]t ._\-t¢,ltls Tr,sl l"it(iiil\ ((.:%TV) at tia_iford t:;_gi_reri_g

l/,.3t i_,i,rrl,'_; l.".l,(,:;t_,c,rx • (IlI';I)l,;.

i:_,' .\lt.l._()I¢ ,,,,tc i_it: i,t,,._ t:::t,,i _(_ :;:_aiatc l...k(;t'; cxt,_rit_cnt .l_:\-t .t.5.t,.

l'i;,. (,t,jcc_i\_, _)f _,,_; I.A-t wits l(_ t,c.r'fc,rrr_at/ ir_l¢.grai ,t,_rosol b_;Iia-i,_r trst sirn_lla_i_g

[_t/, , ,,rit_?r_rr_,.r_t f;til_lr,. ,,,iit_ ¢;v_.ria[,t,ir_,A it, :,,_,i iil),.,_ior_ t_'ri_,(t._. In lhis test. ltl_,
' • • t I "

• .

: ,,,:i_li 'I ' " _ 2 '. r .Iiri_':i r ,,',ii- ;;l¢,ril; _'_'_

_, i < (>1_ +..,' :,,:,- + trrrr:2. ,.,! ".l(>. \11'.1< ()1+ v,' _+I+ l."tt'\ i- '+_,' x,.:+>i,,!+ :i,,:
, +

.'.,. ', ,,_-,, ",lt i.¢ ()t¢ 1',.1 : ,Iii', 1(_!'i

_ • . , , \ , ,- , , , I ,'

• .. .•

.... . .



s}l_lt),.' factors _nd diameter limits irl the aerosol input, and the degree to which plated

_, r(,sols _idilcr( e tc)t}le walls or arc' washed oil by draining liquid conde_isatc, fili_is.



2 Facility and Test Description

Ti:c ,-x[,(.r;;_:,._tat set-_lp for u:st LA4 is illustrated in Fig_,re 2.1. "1"_,,,:-'.":-i}

• cor:tain_ment, vcss_:i is a 852rn a carbon steel vessel installed in a concrete _,it. ',.'

i_t,:ri(_r sL,rfac_.s _ re coated with a 0.51 mm-thick modified phenolic paint layer, wit h

, a normal total err_issivity of 0.9; exterior surfaces are covered with a 2.5cre-thick lav_.r

of fiberglass insulation with an outer aluminum vapor barrier. Additional det_ils ,,f

the containment vessel are provided in Table 2.1. The initial containment con(titi¢_!_s
are summarized in Table 2.2.

The operation of the experiment was characterized by seven periods, as indicale.d

in Tabl(" 2.a. (The steam injections specified in that table were saturated at the cit_=d

temperatures.) During the heatup portion of the test, steam was directed into t}_e

vesse! ir-t order to increase the vessel atmospheric temperature by ---70K. [:oll,,,._i_,g

th,, h_.;_t_p period, the first aerosol injected was CsOH. which is hygroscopic (_a_.r

_,IIlbl¢,). An insoluble a.erosol, MnO. was injected with the CsOH for a portion ,_[ l},,:
?_erosc, l in jet,ion period and continued to be injected after the CsOf[ in jec*i,,_t ','._,-

_,rrr_ir_,:',.d. A quasi-steady-state period followed the aerosol injec,iorls. Tt_: _,..-.>,.1
was th_.r_ v_:rtted to the environment and allowed to cool down.

"lTh,., or_tainr:_(:.nt vesse[ schematic in Figure 2.1 shows the various in.j(:ctior_ lir_,.s
_trl,i ! _, . ',.,. r_er,:t r:r.ar ,};o_pper portion of the vessel The lower stea[rt ]i[_: _;a: ,_.'-.,.,it,,I"

i_i,., ;]r_g-_,.arr_ ,i_ri>,g ves.-:el heatup and to provide a contin_i_g s,)_r,,, o[._:_, ::r,_ (;,_ :,

_r,_xch>l,we.r in je:ctior_ rate) to maintain quasi-steady-state operation during pvti(_,i-_

•,_ r};r,,,,,_i._. 7,. "['}_,' irti,.cti()n, line fr,r the aerosols was locate,d near _}1,, rrl_,]t_t,_,., ,,f

,,. ,._ ....,.i. -_,.arn ari,i _tilr_,g(.,r_ w_.r_ used as the carrior gas [or l}t,- _ ][t]_'(l,',] ,,,r, ,

"1;:},i,, "_.t _."i'......,- *}:,' _,v,'r_g_: ae:ros_,l ir_i,-.ctiono rates, t,,g_.l[ler _vit}_ ,}_. _, _,,,!,_.. ,:I_:_,

._,,:-: :::,,ii;:r_,ii,_:;_,._,: {._,Nl.kll)) _,tg,-o_,:_ric.-.ta_,lar,t_!,vi,,.lior_ ((;.<1)i ",,, [,, ', ,,!

2, ,[:\' -.,: :,r,, ..... i, : , li_,: ,.,.:--_-I' ;hro_g, he,_t rr_ost (,f-i}t_. 1_:.-.i. fr_r_t-5() ,'(, 1_:_:..:,

• " .' ,, .'.i!': },, l, 'i,,..'.,, _ " :_, ;.',,,:' ",, _. , " ,
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Tat)le 2.1. (;STF (;ontainilmilt \'essel Properties for Test LACI'; I,A.I

Dirne ns i{)rts

- inside Diameter 7.62m

Total tleight 20.3m

Cylirl(ler l leight 16.5m

\Veigilt

Top and Bottom Heads 9340kg each

Cylinder 51257kg

Penetrations and Plates 1720kg

Internals 14020kg

1tea.t Transfer Surfgtce Areas

"['ot) _tIl(t I{ot torll lleads 63m '2 each
._

('vlirt_t(.r 394ri1-

Internals 221m 2

Tot_Ll lo Knvironrnent 520m 2

[t_:at "l'ra tl.<f,:r Thicknesses

'l'()I, ar_,t [_()ttorn tlea(ts 1.93cm each
(.7\ lirioter 1.O9cm

l rllerrxal._ 0 2,')tin

lrl:llliL_ i_,.'l

"l'}_(.rrr,a] ('(_I,(}ll(tivitv 0.()467\V, rn-|'(

.<i,,.(fi, tl,,_ ('_,I,_,,,it\ 7533 kg-K

I), ' !)(;kg til::

.X(:rr)s()l .<ct_ li'_g .5,1rfacc A r(,as
l_,(.(_(,t_ tl,.;_,t -15.,31tl '2

2

\, , , : ._/)IIi
.,

[':',: :..: "2"21I!1

():!,,, I I _":,,,, : J",..t()(IIJ
• . _

• , t, ' • , ,,LI, :



Table 2.2. CSTF (;ontainment Initial Conditior_s for Test |,ACI,_ i,A.I

Pararneter (at t- -50mill)

P ress_lre 1()7 .()k l'a

Average (; as Temperature ,t:2.5(,',

Average \Vail "['emperature .t2.5(:

Ave,rage \Vater'l'emperatllr_, .t 1.9(:

Su[Ilp \\:a_er .\lass !_5()kg

(;as (-:or_lt_)siti_rl ll<_rrrl;_l air

Aero.s_,l (.:()ll('clll ra'cion ()

(:V l:iglll.ir_g l'(,wer 2.(i!_k\\

A_t_i_,zlt Air "l'_'r_t_'ral_lI_' :;1._(:



Tat)le 2.3. Thernlal/'tlydraulic Inputs Used for Test I,ACE I, A4

Sources

Period T.,ta,-t "1'_,,t Mat trial Rate Temperature

' (,nin) (,,,i,_) (g/s) (C)

1- Ilcatup -50 () stoam 0.451 161

nitrogen 0.0027 160

nitrogen 0.0014 28

2- CsOH Only 0 30.5 steam 0.029 167
steam 0.0i9 237

IliI r(-)g(,n 0.067 '237
helium 0.00059 "237

argon 0.00084 '237

nitrogen 0.0016 28

3- CsOII-,MnO 30.5 5(i).5 steam ().029 167

steam (.).019 ,)ao

nitrogen (i).066 25'3
h(.liunl ().()()059 '):"_t)tJ

;-lri_(.)ll () (J()()84 ')" "• ,a. ,.), *

nitr_)gerl 0.0018 2_

- (__.) 1(;7-1 ._lI_() ()_,Iv 7,().5 ,".( '2 ..-.l_.:_r_l ). '"

.'-{(':tr_l }.(}19 12_,_"

ttit t( _,*(it ).()(;7 '2(','2
}lt'tit_E_l () ()())5(.) "(;'2

;_r:',,_ ().()()()8.1 '2¢;'2

flit x,,i_ct_ ().()()"() '2S

:,- "_,.:_,:i_ .<t:tt(, ,,( '2 2,',().() .-:t,,_tz_l t_. __., 1(;7

i_it r,,,,(,r_ () /_()2;7 Ii)()%

l_ilr(._'_'Ii i)(J()2() '2_,

(. \ .:.t '2".().( !.(itl ( :.:,'::Ii_ (_ I)'2(_ t_.7

li I7,,:,,*Ii (_(_( 2t; ll;._

r__: ,_,,(.r_ ()()/ 1.1 "2>

, ( _ ,',', :i !,{)() { ,,,i(} (i II I' !'('I_ ii i;! '_"__ J'£.,



_OUFCOS

t'_,r _t _I'_,:_ _I'.,,_ A_,r(,_(_l Rate AMMI) (;SI)

', " , ,7", ,

" :./ li (,:;:,_ (! 1_:;!) ('>()11 c .!).lt) 1,35 I._1

" - '.( ii- ,_1:_(_ I'_:','. , .,,"_!;-',() ('._)I1,, ().!-_.1() ')_.,,'"' I._/)

\IRL() (t.77,7 '2..tY 1.7I)



3 MELCOR Computer Model

'1"tlroe coIlt rol volunles (two representing environment), two flow paths and six }l('at

, s_ruct_rcs (two sels of three representing the roof, cylinder and floor of tile vessel ai_d

r,_¢,l, v,.rli(:il. _lnd floor internals, respectively) are specified in the NIEL(-_Ot{ r,lo_t(,l.

• 'l'}_crc is only o11e fully active control volume, representing tile test vessel. Its

x(,lllrt_e-_tltiltl,tc table uses five entries to approximate the change in cross-secti(_rJ_tl

_r_,_ x_illl _,lcvati(_Ii ill tile elliptical lower }lead; this detail was needed to more coffee,Ix

r,.t_r<>c'I,I li,,, stlrJl t) pool liquid surface arc'a as a function of pool dcpt]_ or vOlllrzl('

(ililt)orlant for steaIn condensation fron_ the atmosphere, as discussed in Section 7.1).

A _r_b(_c of tt_ass and 'or energy sources are used to prescribe the steam; wal(,r

ar_({ tiilrog,(;_, i_.jcctions into the test vessel, as well as the lighting. The argoI_ a_({

hcli,_r_ injecti()_s are neglected, because they are so small relative to the slca_ _[_,t
r_ilr_gc, r, in.ice,ions ai_(t 1o the vessel volume, and because neither was readily availa},l,,

_s ,_ },_ilt-i_ _l(_co_dc_siblc gas x\it}_ ali required properties already in N.I}",I.(_()I{.

._1t.1._:()1{ (--';.5). tl;(_s_: irljcctions al differe1_t rates but at consta_t te[_t_cral_r_.s

_turi_g scvcr_l periods were son_etimes combined into single n_ass ,'energy sources.

"l'!_e _w_ c(_I_tr()l xol_n_(,s representing the environnmnt, one use(t as the sir_k I()r

:h,, l_,ak [_tll_ _)p_'r_,(i (turirlg lhc vent t)eriod and as the t_cat structure [)OllIlti_lry

v(,t,:_,(, t(_r"I}_,' (_lll.<i(t(, ()t"11_,'vessel, an,t the oth('r used as the low-press,,re bot,r_(i_,rv

()n _}_,' _),_1-],1,, of Iii(: r_arl,_al x(,i_l xalx'(: opened during lhc cooldown pcrio_l, ar,,

},()1:, sl)(,(}ii,.,t _¢) 1,,, tir_,'-i_det)en(t('.nl \'olu_es, r(.'n_aining constant at lhc initia_I

l}:,._ r_,,tl },x,ir;_,_lic c,,[_(tili,,I_s illt)lll. "l'}_('se little-specified volt_,ws were inili_liv >,._
*,_ '.,.rv _r,l_,il v(,lt_[tvs. _x}_i(}_ultcov(,red a Nl t(.I.(_()I{, code error" the code r(!d_c,,,t l}_,,

,1_,,. ,t"'r! ,.x i,,., l , .¢] l,,tili,(.r,,.l i_r(, (,sciltal i(_rl<._ii,l(, t() _t ._rr_all ir,(.rl i_x.,_s w(,uld 1_. ,i,_,_,. f,,r

,_ :,,.'ai,:r ,,,;.:r,,l ,,,i,:I,,,. lI,_.t_z_.,i,l(.zi_'_x,_s irlitiatll','solvvd by ix_cI'(:asi_gl}_' x_)ilir_,,::

f :'.,' l;r:_('-:- i_,','}ii_',i ((,rtl_r(,} volur_(.s" si_(:c lh(m. t}te code its(,I[ has }_e_'n c()rr(.(l_,,i.

I",\(, i',(v,', I,.,li, - ;ll'_ ' >-l,(',_[i(',[. ()Ii,' lt'I,I'('5¢IIl> 1}1(' l('_tk l)ill}l, _llld is it \_ilv(. \_,}ii{}i

r;. :', ,,_,,.r, :,,i , I,,>_'_-,',_ -l,(:( i_i_,t lir_,'>. "1"1_',)l}_,.r ,i_,),i('I_ l}_,, t,_,.It_lal x(,rll vizir,,

,', }1. ;i ,_r)_'ll - ',\ ft( i '_i ....' , . _,,, ', ....' v,.>-,_t t,r,: _, r(. ,tr,,I,._ },_.l,,w tilt-l,('(ili_'_i v,_ltl_' _I_, t l}, =.

• _ -

( ', i kin : ..... . ; ',,,: ,,'. ...... . .

, '_, :.. ;:,.' r., _ ._, , ,_,.i!_,i ,,,r. i,, ,tix i,a,.,I, . _11,_>-_I:- _,i l}_I,.,'. ,_:_,' -_ t, .

}: . .. ,, ", !... . ' " .¢ ', I'', > _,','! i - !,_,_I, " :i I ;I{ - "l, .... ',
• .. -.

• , .



"File properties needed to model tile fiberglass insulalion were specified iii the

Nlt'_I,Ct)R (teck. The density and specific heat were set to tile t)ublishcd rallies.

Tile cited thermal conductivity. (given iii Table 9.3). was increased to 0.10W ;/III- K to

tel)resent degradation of tile i]lsulatio_l, as done in the C()NTAIN analysis t8,9:. The B

cifect of increasing that thermal conductivity is discussed iTl Scctioxl 7..t.

Ttle three heat structures reprosellting inleri_als were spcciticd to be a(lial)alic

on o,_e side. representing a symmetry condition. For ali other bou_ldary surfaces,

"'external" heat tra_sfer coeflicicIlt correlations were used, xvit}l characteristic lengt}ls

set to either the height (for the walls) or the diazneter of llle cylinder (for the tloor

and roof). The critical pool and atmosphere fractions were set equal, to 1.0 for the

roof and wall structures, and to 0.0 for the floor structures.

Radiation heat transfer between structure and control volurne atmosphere was

._p,.clfi(,d on ali non-adiabatic surl'aces, using the gray-gas r_lo(t('l with an emissivity

set to 0.9 and a radiation path [cnglh of ,1.15izl (both e(tllat t,o correst)ondiIlg , input

l_lSe(tin the (;ONTAIN model :9 ). The in_portan(:e of in('l,l(lillg ra,liation heat transfer
was evaluated iii Section 7 "• o,)°

"I"}1o"'flo()r" heat ._tructur(,s xrd,rc il_t)tll wil}_ (()._/_ -I.(11';-()7 1() i11s_i¢, tt_c l)rOl)er

._ r,ac_ ,_r,' orienl ation ( 18(1_:). })(,(a_se we wahl (._.tto keel, tile l(.ft t)o_ilda.ry as t}_o insi(te

br),_t_(tar3", adjacent to the tes_ ross(,1, for ali cases, and the l(_ft b()u_dary by' (tefat_lt

{((,::_, 0) i_ the "'lowest" boup,(larv for a rectangular. }_oriz(_nlat brat st r_(tt_ro.

lr, _he r_.fer,._c(. ,,_o(tcI. tl_t. l,.Ii_t)¢'raltlrc>; ir_ ali >t('¢'l 1_(,_1 slI_l(:tUrc lto(_.t¢'> i_ tile

v¢,>>_'lcvlin¢tcr xv¢.re >e.t (,quaI ,_) 1}_(, i_ili_iI inside wall l('lt_t)(_r_tl_lr( '. all(t 111(_ t('l_i),,ra-

tt_t,.: i!,, ali 1}1_'[it)(,rgla>._ ii_>_lI_tli_._l [_'_l :"lI'll('t/lI't' ll()(tt'5 \V('I't' _('1 _;tual t() t}_(' i_lili_]

()lli.'-i(tt' \Villi l.(',rllt)('I'itI/lI't'. "['[I_ * t1_'}11 51I'IICIltF_'> r(.i_r_,y,(,_lit_g ir_l(,r_al -tr_lcltirc xv(,r¢.

,-t),citi,._t.... I(, ._('fl-iI_i_;aliz¢. ..%_,.t_-il_i,.i_v ,-ll_,!x i_ <t('._<:it,_',i i_l <_'<'tioI , _'> irl w}li('}l

;:ii _ ;:_ _-_ !:1('1 llft'/.

, . .

:,,,',,',_--. (,::, l<,r' _ _, \_,.r i,:,i :}_, _,:}_,i ft,: l}_, :,,x,, ir_i_.,l_.,! a_.r()._.(_l>t,_'(i,.>.. xxil}_
..... ,.,

• , . . .

',,.... , :" ',-:'- ,,},!_: !,,i ;_-i,_,' , ':,.',., _ l'XI :,,,,,;:,,, _ ,_,' ( t_, v',tIi,_'i,,_t Iri, I ,,

,:' _" ",i'.(). \'I<+'_,( ! '_:';'+ _'"' "' ''. ..,12 ',+' <," _ ' ,;. +_ II i:l:(l ii,( !t _, i_ I+

,i_ ' _ . ." .

• i '

i

e,

\ .. , .. !, _ . • • .! . I I _ )_ , "_ " _ ' ,: _) _ ' '. I _, ; ,i ' ', ,
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The aerosol particle density was specified as 2195kg/m a and the dynanlic sil_tt_t_

factor to be 1.85, both from the (',ONTAIN input. The agglolneration shai_(: t'nclt,r

was set to 2.25, frorll the MEI,()OI{ and CONTAIN ABCOVE input [2]. A sen._;it i_i!_

, study was done. iii wlli(th eitller or bot, h the dynalnic and agglomeration shape t'a(l¢,i:;

were rest to t,hcir default value iii XII!;I,(;OR of 1.0, with results als() disc_lssc(t i,_

Section 6..I. The t)ressures and temperatures for the aerosol coefficient calc_llati(_fi
were reset to t , ,)¢.ttt r represent the experilnental conditions. Ali other RN1 acros()l

input was left, as default, _,xcept that ali the extra, optional RN1 printed oul.t)t_l

(giving additional c(,z,lt)o_lc,lt., sectioll and class information on deposite(t, gas a,l_i

liquid aerosol nlasscs) was activated.

Tlm aerosol sources were tnodelled by specifying average, logllormal sour,'c l'itt(,s

into the vessel control voluIne as indicated in Table 2.4. Tw() sources were .:(t for

eacll injected species, one during its "sol()" injection and another during the ('():,_})itl(,,t

iIljcction period, t,o all()w till,t,/, of rh('difrercilt aerodynamic mass t_etlia_l dia_Ii,,t,_l:-;

(AN1N'II)s) aIld g;e()rll,,tric stltiidard deviations (GSI)s) specified during tlloso peri¢,,t:-:.
(The CONTAIN t,_o(tel 19', used the actual aerosol sources; using those Sotlr(:t,,_ ill tiwi:

NII';I.C()I{. analy._is wot_l(t }lltve re(tuired n_a_ually proce.ssing and inputting i_lt)_t t,_.

bles with hundreds of t)oints, because the data was not available to us in a c()i_\t,l_i,,I_l

elect rOlliC fortrl.)

A special co(tc _nod was _sed with version 1.8HN to add the AMMI) a_(t (",511

of c_tt'h acro._ol (:C, lllt)()Ilellt, logel }lcr wil}l co_t)osite "dry" a_d "wet" valtl(,s, 1(_ t ll_.

plot tilo. 'l'}_t.'sc ¢,xtra I_]Ol variables will be added to l.]_e producl, io_ (:ode so()_l.

'l'tle reter(,ilc(, a_l,il\'._is was r_n wit}l a _aximurn linac slc I) of 60s (l thiyl),t_lIi,_:

lilt' }l(';_llllt>. _t,'¢'(_:<(,l iIl.iocli()Ils a_l(t sll'_l(t\'-.ql_tl(' t_eriocts, a_d a t_a×iI_tlr_ li_i_,,-.t,.l_ ,,',

(;()(> (l(),,li_) ,tt_Ii_lg 1}_(,co(_l<tt)xxrl t)(,ri(_,t, willl a_ int(,r_leclial(, i_laxi_litl_ li[i_(, :.I, t'

(_t 1.5(I., (:2..5_1_iI_),tt_,i_ _}_,,x,,_t l),'ri<,,t. 'l'}lt, ((,(t(, rar_ _It. 1}1(' IflilXilllllIll all,;_x,,t Ii,,,

.-l,,t_ l}ll(,/l_}l_tll. 'l'}l,' I't'_/l[l> ()t";I lilllt' :_.lt'l) >('Ilsilivil\ slud\ _t_(' gi\('I_ ill .<,., l i,,l _ ',.

_\ ,',)t_5 (,t _},,'hll';I.t;l(N Nlt';I.('()t{ iIlt_ll II>t'_] for l}lc l.}l,' l(,[,,r,.l_c,, (_1( ,11,_! ,, ,!!

,/i',,':_ iii I}1,' _I)i),.tI,ti,:. it,r" r,.l,,r,'_(t,.

II
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4 FiIlal Ilef(,r(,lt('( (;alctllation R.estxlts

"l'lle XI l';l.t '()ll. i,A_.'l'i I.A.I a_s_'s,_ttl('I_t attalv_is was (I()t_, a_ _>l)_'IIl>()_t-t_._t c_l<_tl ,_.

, t i(>t_._,\vit.}_ t)_>ttl t!lc cxl,('vitt_elital _lata atltt rc_ult_ froth t)rcvioll.-. ('()N'I'AIN att_l\_t

.',¢>iltotir filial, t,_..,t, c_,,l(tllltt i()ll, laking full atlvantagc of exl)eticItct' ,tlt_l ili..,igtit ,A_till,.<t

ii II ,.i ]V .,<t,,>.

.-\_ tl'.t.t 'i,;;t(',l,, +:t '}:t': (.tt(l _>I"St'<'tit+tr '>..+,it i+'.+gcttt,ral I,ract ice ]zl li+.(. I..\('V, l,r,.>i_'tt

(l(>,tttt,t,t+.t_tti(,tl t(> l):_._('ttt tit+t+.eit( Ittitt+.ttes v,.'hen <.lisl)layittg th(+'rt+.+.all+.y<Irittlli( ,lnt_t.

at,,t ii( ._t'(+_,t,,t.<f'(+r tt,<., at,r,+sol tlata. "l't,is (ttonstartdard) t>ractict, ,,,,ill t>e tT,ll,,_,.<t irl

tt_i.+ rt,I,ort t<>all(,w ,,++.s,,reI'erral 1()(_ttier [)tlblishcd I,A(:I'; te+_t re>+tllt._ att(t (tat,(--,t),!, ,

(,,tt:l>+,ii..,.,':-: 1,,';.t;.', . l+,,r tit<, tllerii_+tl t|ydraulic result++<plot:<, tit( tit(+.(+<l¢++_t,+i:ti_-<

tr,ti+/J't'_t'ttt, ,I It,itil_'t },\ <i,l,liug (;(]r+t'_itlto the test referent(, tin,fs (u:<(,<lit, l'+tt,l,.: ....

;+(tld 2..t] _-_)tttltt i,li _rI;t' +Jt,ii,t+'< <:irl, li(' <ti:-_played on lt single ]+)p._'+_+.rititrtli(:._<_tl,.. Itr

tlii-_ tiff:,' _l_+tt:ztitt. t}l,' '.ir>t li+.('_:ttIt)) I+t+'ri(+<lI)egins at l()tt+it+,att_l ti+.t+ _t(,to_-(>lit i,.cti,,tt

t),'ri_,(l< ,.+_ctJr tr(,t+t +;(Jt(lit, tr) l-tO.'_'tt+.iti.

4.1 ;l'tlt,t'tli:il/ll_'(Irattlic ltesponse

_'_,_,i,<_ri,_(,'+.(,f I_,._,.: _,,.,i at_<l ,_tl(+t,latcd total atl<t st('at;, t)r,_._._tit_'_ii_ tt+._,t _lii,til_:.',

_ltt_l(,_i,t!_,t+(, _,.re l>r_,:_,illt_<t itr l:igtire .l.l.1. Tile total t)ress+tlre Iitt,_._tir(,tt i..; C<+I;_i<t--

tL['+''',I il('('!_'['_Itl' lt) " '.._)' • t l_. (>t,s,.r,.t,(l steattl i)rt,ssllre gi',.'<'+ttis a voltltrt(,tric _t,,_'+ri:_-,++,l

Ill( it:<t;ttl'iitItt + +t._ ';lit(',, it)(itti(ttlF, _tll(t }+.its iltl eXIlOctc'd il('(',lI'it.('y ()f • 1(1<`'¢ ,'_ .

.\ >igr+.ilic_,+tt t,rt.:--.titiz:tti(+t/ wlts })<+rhpredicted anti oi)st'fred to oc('tir ,lttritt+, Iri,.'

tt,<_tl+t, _ttt,i ,t,+r<,<¢+lirr it<tit,lt, t)t,tio(t._, wt(Ii tttc t>re¢ticte,t F,Cak t)rt:'ssttrt +¢lf" 2+;tlkt'it
.

.+iN+ii t'+• +i :'ii,'[.., 'ii<.,_lt ++:,', Iit';+.stll't'ti i_t':t_.; t,[" ')_'i()ki)it_ . "l'Ii<' (_+l(til_tc, l l>rt': :-.t'rt, i_,,,_.

a lt+<al lJt+'<_+k_t+.tl +t+t,_-t+_ltit't,t dip +ft ---50-(J()tlli+tl, not so"++(:'.ll ill til(? t(+.Bt (lilt ii. ii it i'+)tl+;il

I}+.t' ('_t>5t'I'V('t! ('il_.iIl_".,t' irl I>rt..-:>urizstti(+n rate is predicted correctly. "l'.he attitl\+,i:- i,. irt

(',+( lit'it', it+It _+tIlt+Iltxvitil (lt(ta +Ittrittg tl,e venting and co(>ld(;',vt+ +,(,rio,l._.

V,,Jill, +tit,, t,_t+tl i,:,,-,:,_+rt, it, tllt. c(+tltiti_,ttiet, t ',._'s._+('lix ov(,rl)t't,tli(t,,,l tltttit+,+_,,Ii+.(,}It',i-
• ,

_:-ii'- ,t_'f't,-<,l t,ltt"t ,,lt 'i,l t,';t,l', l,it,' l,t,rit)tl_<, tilt' ."<tt'iltit [)r('+'<+'<ilr(' i:-- lllllltr[+tttll + tl t

,i++++l_S' ' t+',_ ', ,_,i',.--t<::_ + [,, +t_<l (I Itl--+',It_tttiliJ. i,,, +tlI+.t),+.l+.t_'-,itlt+l+tr ii+. t_+,_!t_ t,l,l, ',, ti

'ltir t_'_i ,+<'.(,i tliit,'ft+t li+',, iii(' +-It'+till l)tt'.".+i,t'_ + (t('l)('ii_l,<-+ (,li tilt' :-t(+_+.tii It.l< tli,,t+ _ii+ i

lt+iii -` t'+itt':-. _tti+i (,ii Iii,' c(>il|t('ti.<itli(,ll {lii<t t>Vai)(+l'itti<)II t)r()(:(i.B.<<t'.'-; iliv()lvlliV t tj,' t)liil,l;ri+,

. <r",it' t<tit., :--. i,ll,)l <ill, 1 ).+t,il!t.; ,.;tt.l(il l(,t_ll>ll (,li+cll:.._('<t iii II+.()I"' +t,'iiiit t,_'l<,\',). I;,'(++.'_, ,,+
• Ii+,...._' ri+_iltit>!, <!_'i>,'i!,!,ti< {,-+. ii i'- <!itti(tllt tr, <t(,tor'itiil,, _..',;.it,=tl\"\',ii\ til( + (itlc_:i+_i,.,!

•

.t,. <,,Ix-..'<..t, '< ,,',zt i,_,..- ti+, i:-+li,,i>iii,i. +<,.... li<._,tlll\ t,('1(,'>,,ltir _ 't'+-t, ,titt+t. [ ll(l'llli",+', +

,_ti,i llii:.l)r,<i;, ti,,li ,,! _'i,' '.t_+itt!l l):_': ..... ;'_+ ]'-; illil><)l't+lrll iii tiwi-. <t+i<t _,illiili+l' ".it !+<,"+,i

iJ_'_ <ii; +' t,i i' i <l,",ll i;+l_ ii_,' +,l il,'l,,"_,l lit'lilt\ {<)r i)il .<-:t('ii Il l t <)[l('t'litl+ili<,II:-..
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l"igure .t. 1.2 gives cotllparisons of tneasured and calculated bulk (atmosphere) arld

t)ool tcllii)craltlircs iri the coIltainlncnt vessel. Two t!istilict rcgioris, or coITvcctioxl

crlls, were ot,serve(t ill this experiTneilt. "l'tle upper region or cell was cliaracterizt.(t

, })y I'clatix'cly I,Ilit'()r'ill t(,lill)cratures a/ld iIl('ltlded ali *.he volunm above ttTe elevatioll ()t'

tile .'_lcaixl olltlct t,iI_e, ()r about _,,, ,c: of the total volu,Tle; the lower region, ¢)-e,,_cot" tile

total volui_T(', w,s (:haracterized by tenlperatures that decreased nearly linearly fror,1

: t lie 11t)pcr region telt _peratu re to the terTlperat ure of the I)O,'! it? thc bt, Ltom. Mc'ast, red

tonlt)eratures ret)rvscntalive of both the lov'er and upper regions are shown, which

are },a::ed oll \oltlT,w-wrightcd averages of Tnultiple thermocouples, with exprctvd

accllracirs of ._IK. The pool was circulated with an externa' pump to rilinilTlize

st)aria! t)ool tcrIlt)erature variations, so the. expected accuracy cf the thernlocotlpl(,s
ill the pool was cited as .:t2K.

\VIi;l(, t11('asurt!d temt)eratures representative of botll atm()spllere regioiTs are sll()wll,

tilt sirtglc-c()ilt rol-volunle NIE I,COti, mo(tel sllould be cornpare(t to the observed llf_t_¢'r-.

rc.gi(,_ },_lk tct_tt_oraturc, liecause _,_ost of the calculation is at or _ear saturations, I t_,

sat_lc (tl_alltilalive aTT(I (lualitative features are expected to occur in both t}_c st,:,_,t

press_re an(t tl_e btllk ter_pcrature comparisons. The calculated pool tetnt_eratur_,,'s

arc i,_ very good agreet_lent with data during the early (heatup) and late (co()ldow,,)
perio(ts, }_tl_"11_,, pool temperature is significantly higher than observed (tt_ri_g t I_e

aero.-ol injrction an(l steady-state periods. This overprediction is most likely (ll_eto

tl_e t_()ol iii tills ._illgle-volu_iie Inodel being in dire.ct contac* with the bulk temprr-

attire ct_aract(,ristic of the ut)per convection cell rather th_)n the. --_I()K louver }_t_lk

te_t_t)crature actually observed just above the pool in the containment vessel.

A ,oit_t,arisoii of calctllatc(t anti rneastirc,t total liquid T_ass irt tile pool (suI,_t,) is

sliowr_ ii_ l"igt_re .t.I.?. Instruttmtitation l_rol)lvms and unexpected water leakagr fl'_,t_
at_ irl,-;trtii,l(,_t c(_oling li_le r('(tuirc(t a(tjt_st, i_lg and smoothing of the pool _rlass _[atlit

' _ (7"
xv}_i,:}l t_,igl,t (t,,grade rho ext_ectcd accuracy of' .:_,,c.. AgreetTwt_t between (()(t(, al,(1

(,×t;('rir,l('_lt i:_v_,r; g()()(t it_ ali _iriie. t)cri()(ls, ia;cfore ab(,tit 50()Iliill, tilt in('rea._c iii i,,,t)[

[II_I;',_-i ]_ >()lt'lr ,t_l_, l() (:oI_(lvI_._ati()I_()n the. t)ool surface and to (:()n(trnsati()I_ ()t_ _,,,(t

(t rai til rig oil ._lruct llI'C_; t.]l(_ leakage ;l('COtl tits for inost of the increase in pool rttass aft t,l"
tidal tit_,,. ,l_,Iil a_l,t)_t l?O()i_iIi, a['t(,r w}_i(}_ t.l_e pool tnass reiT_aii_s nearl,,' ('()ll.'-;l_lIll.

'1'[1,' atl)[)itr('Ill IiIlic ,t*'l,tv iI_ l,ro(tictt,t iIlitial iilcreaso iii pool ttlass r_,,l_rcsctlt,q tlt_,, tittit.
r,_',,i, ,t I,, t,,ail,t '_I' it tilrl_ ,,t_ >Ir'll(llll't,> },cf()r(' ('()llr]('llSitlt' t)t'_iIl,q t,) l'llll ()II' iIlI(, I[I,'

t,(,,,i ',,ti:,_t,-, ] I,_()_,, irl S_'(ti,,_t (;.2).

1' i_.!,llr,' I.I. I yllt_Ws _t ('¢)tttI)at'i>.(_II ()t Ill(' ll/e_t.<,lll'(*(t it{l(t (al(l_lat,,,l c{)ll_i,.,_._,a_lt,,,_

_,_t_:- tl_:..,,. (,it t t_,, x_,._.--,clwall._, l';xi,(,rii_l(,tlla] (_t_tllt W('l'e tak(,Ii [i()i,l (,)i_,l_,l_>atl,, _,l

]_.(l,,r>; _,t t,_lir [,,(,,li(>_l>. _vil]_ a (tt_()l,,,] (]_-t|it a(:(:tlra(:v ()f" ! _()"{7. (:al('tllal,,] I,. till>
" _tr,' , }_(,xxr_!,,r t,(,tlt 1}_(' i_._i(t(' s_lrfa,_,_ (,t til,' (()lllililllli('lll v(','..ql.I_tll(l ['()[" l[l(' : lll'i,,, ,".

(,Itix ,,ri t}l,. v,.>--;(.Iwalls _tft,.r II,(. irtitiatI ll,,_,tll[) art(t ('_lzl\' a_,r_)s(,I ilij('(li()ll i,_,ri,,,!

'1'1_,. ,t_,_!it,_li,.,. atgr,.(.r_l,.tit ()t Nll';l.(:()l¢ wil}_ (]_l_ is ,.×c_'llc_,t, attl,t t[_,, (t_a_itlili_li_,

a,gl,,_rll,'I_l " ,t,lil(' ,_,(,(,,1_, . ..,,,i_._ l/ Iii'ii, l}l,' (l;llat Illl'iikillI'l.([ I()(aliz_,,t (_,tt(t,.tlsatti_,t_ r,tt,.:.

I.',
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while the code r(.sult reprosents a surface average. The substantial (]ecrease it: coil-

de_lsatioll fr(,1_l tile walls (1,1ring tll¢. venting period is correctly predicted, toll(,wc(1 1,\

incr(,ased (:(,it,t,.it_:_l ioxl following dcpressurizat}on of the containment ves._cl.

(;omI_aris(,ri._ of calculat.cd and r,masured wall ten,,Jeratures arc illustrated i_l Fig-

ure .i.1.5. for t.]i,, iilsi,le wall surface (top plot), the "middle" interface or ttle oul._idc ()f
the ._tx.l st,vll })t,• o, , iitside tile vessel thermal insulation (middle plot), anti the. ollt,si(tc

inslllatior_ stlrfa(:_, ([,()ttoin plot). The expected experimental accuracy ill ali cases is

better that, i :;1£. (:alcul_tted reslllts are given for ali the heat strll('ttlrvs nlodelle(t,
alttl()ugh tile (tat_ arc ft)I l()catiolls in the tipper vessel.

"l'tle tclitpcraltlrcs of tile \'ess(,I roof and sides (the heat structuIes il_ (,,iltacl

witIt tile atmost_llcrc) on t,()th sides of the steel shell are in excellent agre(-tm,_lt witll

the lest ,tata; because of the high thermal conductivity of steel, the outside ._urfaco.

tet_t)cra_ures of tl_r st(,o.1 shell wore very similar in magnitude to tt_(; insid(, ::_,ta,(_

teapot,oral ,tr_, of t}_, steel. Thus, tt_,' energy predicted to be stored i_ tile ._l(,(_lv(>:-;_,

str_cturc s}to_|l,t },<_irt (,.xccllc_t agreement with experiment.

l_eca_lS(, ,)f t}_(' large, tt_crmal resistance of the insulation on the vcss(.,l, t.h_: _,_t.-i(t_:

insulaI.io_ .s_r[a(o t(:r_perat.ure is largely dependent on the heat tralisfcr l,clw_,,:_ I.t_'

ins,_lati()_ aI_d til,, air outside the containment vessel, and does _ot }tax',, sig_lili(:ai_l

i_ftl_enc(, o_t tt_c l,ehavior i_side the containment. MELCOR overt)re(tiers the ot_tsi_tc

surfa((, t_,_i)(_ral t_r(_'},y as m_ch as 10K throughout most of the t)r()bl('.[_ tiz_t(,.,grc_tcst.

(t_ring t}_ st(,adv-slate t)criod. Tlm laminar natural circulation _s(,(t i_ :\II,;I,(:()t{.

could be t()(_ low for this situation; however, the discrepancy could just as likely 1_¢.'

(tu(, _o large, uncertainties in the condition and modelling of the insulatio_t, ii_st,(,a(l.

Figure-t. 1.6 (:(_t_pares observed and predicted leak flows. The _n(.'ast_r(,(t leak tl_x.-,

wtr,' },a_,',:l (_n _5[' I_teasuretne_lts across a flow limiting orifice in t.l_,, leak t_at }1. _xii 1_

art oxt)e(to(] accttra('v of 5_,.. The calculated leak mass flow is ge_t,'rallv _:(,_tsist(,Ilt
wit}l (laid iI_ t_(,II_ :_tgnit_lde an(t trend.

4.2 Aerosol Behavior

t)l,,_t,',t iii t' ig_I,, 1.2.1 a_l,l .I.'2.2. (:r()sspl()Lted for both aeros(_ls ii_.i(,(l_:,l _,l_(i t,,r ,,_,, it

a_'r,,>:(,l .-,t,_',i,:> (_::>.()tl _,I_,i N,l_()) s,,i,aralely , respectively. ('1'}1(_(it,,,t (.:,:l,_.riI_,,l_t;,l
u_c,,r!atii_t i,..-. ,]itt('rt_ al _!iIf(:rcnt lir_ws, are shown as error bars o_ t}_,, (l_tl,_ ,_,_ v,..i

_(_1,, >_,.1,.(l,.,i _,, t,i_},ii5,,I_t _}_,' t,e}_avir,r d_lring the injection, Sl('_t(lV-51111t' }t[tIl \t'IlliftL!,

t_(.ri(,_t>;, v. },i(t_ i>_(,f _It,.,I(' i_t(_rcst l]l_tll t}¿C very late-tirrw, cooldoxv_ t_crio(t, l(,r-i,,,l_,:

• 1_I';11 i()Ilb I }t I( ,llg}l(_tll I }1_! (,>:t)('rirr_('I_t.
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_,,_>_lr_,r11,,i_l n[l(i <.lcul.li(>n i._ very _<_<_ct(tllri_4 ttl<_ arros()l ._<>,.lr'('oi,eri()(l._ (t()

: r:,, t:s (¢'_I)r<i.tllv for th(, ('.sOH).

_,I_..>i)_ Sr,ti(_i_ (;.2). 'l'}_is is (tualitativ('ly (tifi'(:re_t. ['r(,[_ t}_(, (.('st data. wher(, t)_e

,; i,,'_,t¢(t I_t.'-._ (>f tt_(_ ll()_llyg, ros('(>pi(: .\I_() is ,,4r('a1('r llian t,t_(, stlsl)(,)_t(,(t ))l,_._

,' '.r ( t_\"d,r()_(()!)]( ('._-:(.)]! (t(lriIlg, the later sl.(,a(ly-st_te, \('iii a.tl(] co()l(t(,,,.v)_ i)ori()(t._.
,ttl_tlit_t_ivt' ttitl(,re_t<t, t,rt.v,'(_,en aualvsis a)l(t t'_ data.' . . .. .(.,t, reit('('t til(' l_t('k (>f a)lv

, <,);,i< ,.iit,()>( ill tile \II'_I,(.',()R _er(,._()l treat_nel:t.

:., _:_ ,,[ ',x,it('r v_t[;O[" iii Iii(' ;Itlll()S[)}lt'F(' 1() [}lt' _lt/lI';lti()ll l)resstirc ()[ w_.t,,r vat_()r at.

_:, ,)t_()_t)}l('r(' tetnperat _:r(,. arid the water aerosol I_ass st_._p(mde(t illtll(_ t('._t xess(,1

"_,,'_i,ii, r('. (l')tlr'in,_, tI_t, (,)_,r_('()fttli_ calc_ll_tion, xx(.('il(.(k(,d ,)_(i verifir(t tl_,t til(,

-, ,,( !_,i(,i v,:,t(,r _,('r',).-_()lIil,.--_._iii the I_NI t)a(k_t_e '_v_i_i_tt'zlti(:ally ('(tllal t(, 1}I(' vvat._,r

,_,'i)l' I ,,,_ ""[(,,t2,'"tit_t_ iii tit(' (()litrol v()ltl_l(' a.t_l(>sptl('r(' iii tl_e ('\'li t)a('k,_(;.) Note
':,,) tr,,, ,_t,,t_lt (>f li(lui(l water ae.r()._()l i_ tile at.tn(>_t)her(', at a})()lit, l-lOkg, i_ (trifle.

I

";.,:1 <_,tt_t)_tr(,,t t(, til(' atti,:)n)_t, ()1'li(tui,t wat, rr (()n(l(;tl._it_v, ou t lt(_ suntI) p()()l _t_rf'_t((,

\ },,_, ti,, + ,_,l,)_-!,tt('re i._ fully _aturat(,d, _._::.;a ._att_r_tiou ratio ()f 1, ;_._(ttiri_l_

_., l(,:,ix ::_,tt,. t,_,ri()(t ;_Ii(t t}_(',first t)a.rt of ill(', vellt period, lh(" sil_t)e)l(l_,,l a('r()._()l

. _, l,.- ,_r(. ,_,_r(,_,xi_ a_ wal(,r c()udeu_es onto t.henl; ttie targrr a(.r(>_,()l t)arti(le_ th(_

-.(,lt _;_,t _l[i()i_l l"igt_res-t.2.1 a_(t 4.'2.2 t)(._,_kwI_en the atmosphere fir'sL _]_ift_

:,_,_ _,,t,-_:**,_!,.,t _(:,_ttlrat(_d co_(tit, io_s. at ---.5()()()._,an(t th('_ (teclir_e while tl_('

:_.' i"_' _,' _(,_,ti_> :,_tl_r,_(,(t. u_til ai)(>_t _2:',0()()_.I_ (()_tra_t, when _t_(' atrll()_l)l_(,r(,

,,i_-..._ _,,_,,,t._.,_.._,Itll-ati()_ratio. l,th(,a(r(>_olparticleswill t(,[l(t t() (trv ()tit a_

' ,: : i _. i'_i,i, ,i ,,';i lilt'; i i,,:_ k illt()lh(! a.t lI,()._[)tl(,r(', re(tll('iit,*_.,til('. _iz,' ()f tilt, _/l._<p(')/<t(,(t

;. ,, I i',,_i,i, ,,_,i ,._:,,i>!i_:_, tl_,..)_, tr) r,.,_ai[_ _(l.'--;))('t_(t(',tl()_gt'r. 'l'ti/_s. ,,',)l('_ t}_,.'

, !,r,,_, )..... _,,> :,l:i,> tltli_tl(,,t _,_.,._tilt..l. _tt)t)ttt _T'()()()S, ()_(' .":ll.'_t)('tl(t('(l a('r<)m()l

_,:.. i_ l' il.'.,_,'-I '2.'2 l('v(,l ()tit a.'-;l}i(, _+.'l.tlii_-()t_L rat(.' _l()v,.'_.

i i,, (,,.-F(,(i\ tl_t!i i( I[1;l:<._tti(:',li.)l diarrl(,t(,r AMMI) (i.,... rh(. (li_i))i(,.t.(.r I,(.I(,,,',.'v.'ili(lt
, ,>i lil,. i_i,: > (,t)}i(,. [.,.)t i(](, _iz(_ (]i.'--:tt'i)+)tlti()II [i('_-;), a.I).(] til(! _('()iti(,tri( .'.-+t.a.tl(l;_r_']

_,,,,_ (;:'-,l) , .... )_(,:--,1>-,i)_),l,,. ;_>..-:ll))_iI__ l(),,411(:,r)rl.l(li.'-+tri)_tlti())_. tI_('r_.ti(, (,f t)_('
:, : ,.! --I "', ,_ir_l)l;_ri,.(. r:)_,-'-<),, lit,, ))_:.,.:.:_;r)_,",:lia)l ,li_t)_(.t(,r) l)r(,(li(t(,,l i), fiji>-+

':_(..... 'i','!'"! ',(, ',.;_l_(.....,l(,ri_.,.,l ir,)r), (,xi)(,ri)t_(,ttl,tl (,),._-('rv;tli(,)i>: (, irl I"iW

i " I _".,,,t,. ;!:+_t !i,(. t+tt,. >+(;_1(.I._:(,,l i,_,.'<},,+'t) r(->:t_i,'t,.(l t() [,i:..,,[ti;,,ilt II)(, t,('})_\i()[• +-.,
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"l'at)l,, 4.2.1. l'o._,t'l'_'_t Aerosol lx)cati()_ls- Final l{eferciice ('al(_llati()rl l_eslllts

A(,ro._ol SI)ecies Ix)(:ation les. l)ata ((>(I(,

(kg) (kg 1
)

('sOil Settled 2.563 2.(; 1.5

|)lato(t O.:lO,1 t).230

I,eaked 0.007 ().002

Mn() Settled 1.927 2.152:1

Plated (/.228 O. 117

Leaked O. 1()1 0.001

St2)n Settled ,t.490 ,1.768

Plated 0.532 0.:I,t7

Leaked O. 108 0.003

._lI';I,C()It. al._o llnderpredicts the plated aerosol tnasses, botI1 individual and total.

"l'i)e (:.<()li and X[nO plated masses in this calculation are 2.t'i?_ and .18_ lower than

test (tara, respectively. ;ks discussed irl Section 6.1, the agreeInerlt between [neasured

aI_(1 calculated plated masses is much worse with the "nornlal", default, code, which

a_;Stltli(,s tllat plated aerosols are washed otf the horizontal "roof" and vertical "wall"
tleltt strllcttlres with thick condensation films draining down into the liquid pool. In

t t_is r(,fere)lce, t)e._t, calculation we supressed such aerosol "'washing-off" by' draining

xx_tt(,[ tilr_._ l}_r(>tlgll lt Ill,W seIlsitivity coefticient.

L

')()



';(j



5 Time Step Effects and Machine Dependency

There has been a let of discussion recently on numeric effects seen in son_c _I t;l.-

, COR calculations, producing either differences in results for the same input on dit-

ferent machines or differences in results when the time step used is varied. Several

calculations were done to identify whether any such effects could be observed in our

LACE LA4 asses>.tiwnt ah._lyses.

5.1 Machine Dependencies

The calculatioI1 discussed in detail in Section 4 was run on a SUN Spare2 worksta-

tion, on a VAX 8650, and on a CRAY XMP-24. The results from the three machines

(for the three otherwise-identical run_) were different in some significant digits in the

printed output, but when crosspiotted ali curves examined overlay well enough that

no differences wet,: visible.

Figure 5.1.1 shows the total vessel pressures and steam partial pressures for tt_c

same calculations on the three different machines, together with the test data. Tt_vre

are no visible differences in results. (Crossplots for the atmosphere and pool te_-

p:,ratures and for the pool liquid mass (not shown here) show the same degree of

agreement. )

The suspei_ded aerosol masses calculated on these three machines are co_npar_.d

to each other, and to measurements, in Figure 5.1.2. There is a small difference

visible late in the cooldown period, when the aerosol masses ,:re very small, b_t in

general there are no significant inachine-to-machine differences. (The. final a.c_rosol

dispositions were identical in ali digits shown in Table 4.2.1 on these two rnachirLc_._.)

Figure 5.1.3 shows the total r_r,. times for the reference calculation on tt,e tt_r_e

machines (in the upper plot). _;,._iier with the run times required by the diff_.r(_nt

__ItEL(;Of_ packag(:s active in this problem (in the lower plot, for the \'AX 8(;50. "1}_,

fraction of tiri_e taken by the individual packages is the same on ali three tila(:tlir:,.::
th(e r(,sutt:-: for _h__ individual packages are not crossplotted in this ca.<.e, because tIt(.re

•,aould be _oo rr.,ariv curves for lc.gibilitv. The run times on an)" of tile rIlachir_es are

oi, a:i'., vi-ii, i,- :,,"',_r :ri l,_i,_l'roblt_r-_i tit_,,e. "l}iis p: oble,_: ran .v;olI!(,,,v }lltl. 5l()'d.if ,,:1. :ii,
\AN ,}_a,'_ (,:" ,};,. <IN but _h,:25-:;()"_" ,lif[erence in run,l_n_, is n(_t v,_rv :;,,,,;ii,_:I,

.'},,-('P,A_. va> ia-:,_r. ),t:t • a lac:e,r r,f 10. b(_cause .kIEl.CO|{ is riot v_.c_(,riz,,,i.

1

5.2 Ti_e Stet) Effects



11,

[ 'I_'_ ; 3.1.1. [,,:::: ;:::,i _',,:"_ l',;': t", -,'r,._ Xl_:,!lir., t), i,,'IJ_]_rl<\
• . •

_', 1...... 2": :,:'.



MELCOR Assessment • [_ACE LA-4
+1

" i 0 ........ l ........ i ........ I ........

+0
I0

"°Oo

-1 X
10

(_J)

10
I/;

t:_
I/1

_n -3
10

",

-4 •
o 10 '.

,

<_ -5 = CsOH(VAX 8650) "
-u 1 0 - I'..
¢_ ---0- CsOH(SUN Sparc2) • "'X

", ,°c
,_ -6 -.-,J,.-.- CsOH(CRAY X-MP/e4) X_ 10 - . .'.
_,-_ .... X... CsOH(Data) ". " •• •

u_' -7 _ MnO (VAX 8650)10
--"_- MnO (SUN Sparc2)

-8 -.-A--.- MnO(CRAY X-MP/24)10
.... :_'" MnO(Data)

-9 , ......... , l ................ , _el, ......
10

'_ 1 0+2 1 0+3 1 0+4 1 0+5 10 '_Time (s)

LACE LA-4 (2-component)
3BJERZ 30JUL91 0952:58 MELCOR

II



550 M[.LCO-_Assessrmen,, LAC.[ LA-.Z

5O0 _,

_o F _ . ._.--- ;
_0o_ /....-- l -

_'°°tl,' l
_o_1,, j
_°°_1; j
_°rt:............................................................l
o -"'"

25 25 125 175 225 215 32b
Time (lO_s)

LACE LA-4 (2-comaone-,f)
(336;ERZ 50JULgl 0g;52:58 MEICOR

550 M_LCORAssessmenf: LACE.LA-4

500

: _°°! / ....................................l
_oI- /...-- j

::---:- t:-7:-.:---:------:
-25 25 75 125 175 225 225 325

Time(_0_'s)
LAC[" LA-4 (2-co.naonext)
C3BJERZ 30JUL91 0g:52:58 _ELCCR



in.}ections and >;t.cadv-.-_ta_e periods, and _ :t_laxii-_lui_l time >tcl_ _i (!,0()>(l_);ILr_) _i,_rir_g

the cooldov,'r_ period, _vi..'h an i_lt(,rrsle_tia.tc' m_tximur_ tirade sl_e[_ ,,l 1.",{):-:{"2.,:,:_i1_)

during the ve;_t, period. "ltte code ran _tt t,t,e ttlaxinlum allowed l,iiim ._tct_ t.lIIoUg}lotlt.

A sensitivity study wits done in which this maximum time sl.ep was }i_lved ail(I

_flwavs ra_ al th_, _axi_lrn allowe(t l i._:_e -t, et_ through(_ [(,r each (q _t_ee_,, t'(,_"

('ases. l;;ig_r(, 5.'2. t (:omt)_res t}_' n-te/tst,,icd lot._[ ali({ st.eat_ pat'tial pr_,ssurcs i_ t.}_(:

co:_tainm(_rlt v_,ss(,I to NI|:.I,C¢)t{... z'es_a!ts pre(iict,_d using t}_(_ba.'_.el;_le sl(,_,., a!_(t t.t_c

fo,._r varialio[_:< (ies('ril,(:_t a.b(,ve. Si_ilarly, the test data for ;_lnl(_.';ph(,r(' a_d !_o(_I

ter_]pcrature<, ar'_' >}_own in 1."igure 5 '_'' "t'.,.... w_._ results t'ro_t ti_e same tivc Mk;l,(:()t{.

ca lc _ila_ iol_s.

[{c,!_cii_,A ',}1(, iii,tc slt'I_ by a fac'.(,r" (_i lw<, or ten did he,: (}_aI_4_' tl_e t)r_.,Ji(:l<',{ r'_'--

stilts, l)oui,!i_i;, t!l,' li_>c ..-:tcp (](_¢,sr_,o; c}l_,.ne,(,t}_e r(,s_lt._ except lal_" iI_ ti_c lralisi_.r_l,

si,.,aci\-sta',', c_,,_t:ri!a !,, I()_)I,,tii_(ltir-iii,-c<)<:-ltl,:\vI_} ('}la_-cs lile t)r,::,:lict_'_i t,¢,}_st\i,:_t

!t_r:;_gho_i" :}_,. t)r_>},i¢.._:_.,',ilt_ ._},sla_tial <,:;cill_,ti__:_ visible. "l'tlc ,)::ci!t;t! i<>lls vi::ii,'c
in the tei:i[,(,taturc_ _,r_,_lt.,r(>s',_I'eS at. t.}_', e_,d of _hc t_rol_len_ for l.hc l;_rgest t.i_i_c

step _sed _,_r_.r,.tat,',t Io ,:,,,.le _varriit:,gs al_(_ul c(;nd_,nsation _lass l ran._t'_'r w;_t_l}r_g t,_

v,.;s g..:_,i _ 1},' i,,:,.." I _, .-:l_,l, >!t_,ii(..< ,!, _(. at,. p_-_,>.cr_lc,i ii_ t.'ig:t_,, .5" "' l_),,,.t}_('r

"l',:i,i" .',.'2. : --_::,r_l,_Fi/,> l!i_' i_._._l-ICst ,l,.'I_),b( i ]_._t.li()ll> c)}):._,['\_',i ,vil}l I t_.()s, [:,F,,'-

" " I

•
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6 Aerosol Sensitivity Studies

6.1 A(;i'(is()l "\_,'<tsiid(ixvii ;_
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large difference in the one- and multi-coInpo_lent aerosol model results is a dif[erenc(:
, ._i_ suspended aerosol particle size, illustrated in Figures 6.2.2 and 6.2.,.

The aerodynamic mass median diameters and the geometric standard devia-

tiorls predicted using the single- and multi-component models are compared iri Fig-

_re 6.2.2, together with the values derived from experimental observations; for _he

r,,tllti-cornponent aerosol calculations, the values for the component(s) containing the

injected aerosols are shown. With the two injected aerosols in a single component

},v themselves, the calculated results are in nluch better qualitatiw; agreement with

_tata, but substantially ow:rpredicted in magnitude, especially around the peak. For

t I_ree individual components, the calculated values for each of the two individual in-

.iccted aerosol components are very similar to each other, and to the injected aerosol

c_,H_poi_ent results from the two-component model.

t,'igllre 6....,'>" shows the aerosol n_asses in each of the twenty sections use<t ir_

!},.,, _)n(>cornponent and three-comporlent calculations (with the correst)onding two-

, ,,ti,t_(,Ilent plot giv¢,n iri the lowt'r half (>t"l"igure .t.2.5), at > 1lO00s when the aerosol

i),_rli,l(,._ are settling out during the st(,ady-state period. As in Figu,.e ,1.2.5, the total

,,,,,r_,_,,l t)article )nass in eacll sectioIl (or size class) is given by _.he uppermost tlorizon-

tal line over the particle diameter range of that section, while ti,_ relative fractions

()f tt_e shaded regions represent the relative mass concentrations of the three aerosol

-l,(.cic,s ((.:sOil.._IiiO and tl..,O). \Vittl lh(_ one-component model, the water particles

,)i..(i tile irljt'cted (;sOil and ._InO particles (which are strlaller m:d larger, respectiv(_ly,

111lhr: rilulti-cor_t)onent analyses) are forced irate a single, averaged, size distributior_"

t_(,ca_s(, of t}_(, )r_t_ch larger mass o[" (srnall) water particles present at this tirr_(_, the

?-t_iIt irl (:s()ll ar_(t \I)_() tlisl ri[>_ti()r_s to ._<r)_all(,rparticle siz(,s relative to the two- arid

"l'}}e fitlal l()<:atio_ of lhc irLi('ct('_l a,.rosols for each (>f these three (:as(,s, wit}_

,,_rr,'._:!_(,r_ling l.est (tara. ai(' ,,_,,iv(.r_ira 'l'a},]_' 6.,,.1 for ea

',,,r_]. :\11tltr(,,:cal__lal.ior_c_,rr,.'ctly I.,r_'(ti<ttt_at t)_(,.r_tjor'it.yoftheaerosolir_jectior_

:,.r _aira_ irl tt_e vess(_l, settl_d to the fir)or. The low plated rna.sse_ predicted are sec, n
_r__!l _hrc._ c_._(,_. TI_e total aerosol rr_as_ leaked to contairxrrmnt for the two multi-

. i

•

,: ',,,.:, _'r_('_ ))l,. (,If('-,"(rr)i),r,ll('rl) rr,,,,l( ),il.:(.--_rr_e)r(, ,rI.)_I lit),,' llt_r_ (i))_(.r rr_)i))i--
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Table 6.2.1. PostTest Aerosol Locations- Multi-Cornponent Setlsitivity Study

Aerosol Species Location Test Data Code (kg) •

(kg) 1-Component 2-Comt_oJlont 3-(.:ornponent

(;._OH Settled o - o _...aO,, 9.5,11 2.615 '-).621

P ]at ed 0.30,t 0. '2:'S 0.'2 :'0 0.'22,1

Leaked 0.007 0.0(38 0.002 0.002

.Xlr_O Sett led 1.927 '2.055 2.153 2.14,t

t)lated 0.228 ().]50 0.117 0.12.1

Leaked 0. l 01 0.0c;5 0.001 0.00:'

"+_rrt _et t led -1.,190 ,1.50(; ,I. 7C;S ,1.7(;5

t_]aI _'d 0.53'2 0. _:;sS ().:_-t7 0.348

l,_,aked O. ] 0,_ O. 132_, ().0():; (1.()05

6.3 Nunlber of MAEROS (Size) Sections

"I'},,. r+.!+,,r,_r_(<' a,-,_lv;;is disct,,_scrt in S,.+c i+_n .! at_(t th_' s,'n_ilivitv ._tl(ii,,> ,li<(tls._e+t

,:},,,',,. a_il ,1>,+i *',v,'Ia'.v sectir)ns. (_r size, t,irxs, irt tIl_' t{NI _tor,,_(,l c,tlcttl_t'_i(:,t:s. "l'}lis

'.; ,1:, ',',a_-+}:<,,_(,r,},,.,a.l:se ii was t[_c, itli)t_t u.-e(t irl the (:()NTAIN calcttlati,)iL t+_r ].:\,1

'_ ai_,l t',>:ir_>2',}l, ,_ttll,, x'altte tacilitat<_ c+,n_pariug resttlts (a.< (t(>I_<,ir_ So(tic)rl xi.
ii ,,'., ,.,.r. ',}t,_ ,i,'i,,_ll_ itl_rnb(.r ()t-"_,<ti¢:,ri_ /l:.(,(t itr NIEI.(.'()t{ is (_rllv 5. "ltl,.r,.f,_r_'. lw,,

-, ;,-:fir t', -', _;,ii, :, x,(_i+, doric, iri v,!_i,[l ,,iti_,_r .5 ,,t 10 _,:.(ti,:,_s w(,r<, _-:[,,.citi,,t. "1}_(_

r,._=,',itr_ _,,r_(it_:s,xirr_urn diarriet(_rs r,f ttt(_ size (ti>;l.ribtitir_t_s xvot> left tirlcl_ar+,g(,d, s()
: . :t_,. ,.'.i,i_ }_,,[ !t_(:_ [,ins was alt(.r¢,+].

"J;,,' :,.>: x,>-,.] /l::t,,_nd(.(t ,'_la_> i,,r 1}_(+ i+_(iivi,tt_al i:,l('(t('(l a,_r(,s()l .-:t_<+,i(.> (,tl-
• .

;,' :,, t,-" ,' ::;1 iJ; } ,,,lift, (..,. 1. "1}i_' ,I].'F{'_'IIIt'III [_l',',(_l'[l I:',_'itFIlr_ [;1(.[:! (tri<; [_;,'([i_'1"_ti
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Table 6.3.1. PostTest Aerosol Locations- Aerosol Size Distribution Resolution

Sensitivity Study

Aerosol Species Location Test Data Code (kg)

(kg) 20-section lO-section 5-section

CsOIt Settled 2.563 2.615 2.608 2.593

Plated 0.30,1 0.230 0.234 0.239

Leaked 0.007 0.002 0.005 0.015

Mn 0 Settled 1.927 2.153 2.145 2.124

Plated 0.228 O.11 7 O.122 O. 133

Leaked 0. l 01 0.001 0.004 0.014

S urn Settled ,1.,t 90 4.768 ,1.753 4.717

Plated 0.532 0.347 0.356 0.372

Leaked (). 108 0.003 0.009 0.029

Figure 6.3.2 presents the aero(ty_larTlic mass tnedian dianleters and tile geometric

i "_ Inbc of sections, togetll(:rstandard deviations t)redi(:te(t usiug the. three d ft(.rent flu rs

with values derived from experilr_eillal ot)s(,rvati()us. The aerosol mass (tistributio_ls

in tile t.en-se(:tion and [ive-se(:ti()rl (:_lcl_lati()rls at >llO0()s are given in Figure (;.'3.:¢

(wit}l the correspoll(tirlg l\vcnty-s(_(:tioi1 t)]ot giv,,[l iii tile lower half of l,'igllre .1.2.5).

This tinle is of partic_llar inler('sl t,e(a,J_(, l li(. a(,r()sol particles ar(' settling out (turiilg

l}lt' slea(ty-stale t)eriod. _l'he c()r,_i,arisoil._ iii 1)()I}I tiglir(,s irl(ti(at(' l}_al, l}le stlst)(,t_t(,(t

_(_r()._ol t)arlicles are sell ling ()ill rrl()I'c ._:l()wlv ir_ tll(_ (:;li(_llati()nu wittl t'('w('r s(,(li(),ls

(oar'_er (tislri|)ulioi_ r(_s()lt_ti()rl. I I(,_x,,vci. t)r(,,ti(I,,(t av_.Ia_( _ t_arli(le _iz,_._, ._i..,_li]_trt()

• )
t_ " ,
..,1',(_1 (_xt)(:rinienla] val_.:('.:-, ( l()/,iII ;_I _i})():ll 2()()()():-; rt'r:tl}l }:l 1('.'-:_ ,"-;('ll/}i_V., (_,_lt :lI:,t

[_ _,},,'l' _,_._t)('_]e_t a,,'l().'-;()l Izl_l_;.'-,..:-ii, \ll"l.( '()t_ I }_,,i, ()},-t,rv, ,: iI_ I}_(' ('xI,,(_'I'iIIt,'l_l.

'l'}l(! fir_al I(_cati(,rls ()t lIl(! i:l],.,l(.,t _,,r,,:,,l? f,)r ('a_(t_ (,f ttl(,._(, ltir(.(, (a.-('_.. _viI}l

(( rr(,/t_()rltlirlg l(,._t (]ata. ;iF(: gi',.'('r_ irl 'l'i,.},l,' (;.:;. I i,_)r ("i_}_ ;_('r,,_¢)] sl,,.'(i(.._ ;_.r,,t f()r I}1('

'.,,1_1. .\gai[l. ali l[lI(_.(",cal(lltati(,!_.-. , ,,r I_,_l lv t,r,,',rti(l t}_l t}_(_ I,l_,i()t'itx ()f t li(' _,'I,:,-:_)l

i_.i_<li()rl reil-l_titl_ irl l}_.e,.'('._s(,I._(.1I I,._1I(, !}1(, it()_ _. :%_.,-:,.(.iiill ,,1h,,_r._-;('Ii."-iii,.iI\ .-:1tl(ti(_-_. "

ir_ 1}1(, v("-:s( _1 ili(r_.:as(,s.

•

I ,--ir_g rrlr,r_' .'.('(li()It_ ill I}1( i,_ _(,',, >iz_ ii-':i[,lili()Ii I() ii(r(_ii>, . r('._r)l_!i,:,ll ;_l\v_.\-,

r",_,_Itli_,_',-, a_l(tili_)Ii_,l <l)/_ lilr_(', l,_ir,_,_r I; ,',. Iii, }2NI t,,_,I-_?..,.. _-_>.'-:}_,,x,,[t}),. 1t_,._ t,._t_

,-) (
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tittle colnparisons in Figure 6.3.4.

6.4 Use of (Non)Default RN Parameters

The rcfercnce aIlalysis discusscd in Section 4 used non-default maximum and

' minimum diameters for the MAEROS aerosol component size distributions, taken

from Ill(, CONTAIN input deck 19_ to be 0.1 and 250#m, respectively, rather than
the default l an(t -_0pm XIEI,COR values. A sensitivity calculation was run in which

the default dianmtcr ranges were used. That calculation could not use 20 size biils,

like the reference calculation, because of an enforced assumption in MAEROS that

the ratio of the upt_er to lower mass boundary for each section or size bin is _!-'2.

Insl(,ad. 10 sections were rise(t, and the results were compared to the results from the

l(t->vclion anal3sis ii1 lhc 11umber-of-sections sensitivity study (discussed already in

lhc last subs(,cli_)i_). Th(.rc were no visible differences in results using the narrower,

,t¢,fault. diarI_,_¢;r railg(, ttlan using the greater range assumed in the reference int_ut.

()1 her T_o_t¢'i'a_lllt values used iii the RN package input were 1.85 for the dynainic

shape factor (1)St:). taken from the CONTAIN input [9], and 2.25 for the agglomera-

tion shape faclor (A.qF). taken froin the. CONTAIN and MELCOR ABCOVE analyses
'2 . 1:,_tt_ dcfa_lll _ l.()in .\II':I,COR..-ks another sensitivity study, three calculations

x_c,I_'(tone. ill wllic}l ()lie and or tile olher were reset to their default values.

t"igure (;..t. 1 >tt(_vs cac}_ of the two individual species suspended aerosol ,nasses in

I}_(' vc's,_el f()r t I_t' rt'l(?r('IlC(' analysis, and predicted using other combinations of d('-

fatt_l, n()ndcta_l_ >t_at,('fa(_()rval_cs. comt)arcd to test data; the two injected aerosols

a__. sI_ow_ .-¢'t,ara*_'l\ 1o _li()w cl(,ar (tistinction between curves and line types. 3, n

ag.gtc,_,'_erati(,r_ /}*_:i"' t_(*_I (_I '2.'2,5 alx,,avs produces better agreement with the dala

_i_,,r; _}_, _t_'f_,al_ ',_,i,it, _,f 1.(). whatcx_,r the (tvnarnic shape factor, ('.specially duri_lg

:i._. :-l,.,t,i\--_,:,. i,,ri(,,! ,_', _;()()t)-2()()(_()s. A _i\_an_ic sl_at)e factor of 1.85 r_,sults i_-_

.-:ligt_tly high(:.r-:_._:i,,'nd(:'d aerosol masses than using its default value of 1.0, in the

.<t,,i_(]v->ta!,,. :(,Ii! ;,ii(1 (o(_l,town [)_,ri(_,ts.

"1ll, ,t_'_,,,!', _,trI_[_ _t;_._> tll_'(tiart ,Jiatr_t('t_'rs arid the gcornetric standard d_.viati(,r_s

• )

_,!. I .(). r,,gs_r,'i,, - ,i ,_,,_,.xa,i_,, ,,t lt_, ,t\'I_t_ic st_at)_' t'actr_r, l.arger acros(_l t,artic!_ .a

, rtl,, ,,,:r i,,:-_, r. , rl_,>.,, ,,,rr_t,;tri>:,,r_s ,tr,, _()r_sisl('r_t wilh t}_¢' t(']ati\(_ _rli()u_t: ,,t
• . ,

" t }: II', ; { 1 ' ,',\:- ltir :l'i",)>(,I II1_1>>.('5 iii I_iI('}l (II Iii(-' {_A'("II[V .%('(li(,_ll£ IIN('(t ilt t}l,'
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Table 6.4.1. l'ostTest Aerosol I_ocations- Shape Factors Sensitivity Study

Aerosol I,ocation Test Code (kg)

Speci(_s l)at_t I)SF .....1.85 DSF-:-l.85 DSF=I.0 DSF=I.0

• (kg) ASF= 2.25 ASF-= 1.0 ASF=2.25 ASF=I.0

(,',sOil Settled 2.563 2.615 2.048 2.651 2.398

Plated 0.304 0.230 0.445 0.196 0,366

Leaked 0.007 0.002 0.353 2× 10 -4 0.083

MnO Settled 1.927 2.153 1.687 2.181 1.970

Plated 0.228 0.117 0.288 0.090 0.229

I,eaked 0.101 0.001 0.296 2×10 -4 0.072

Sum Settled 4.,190 ,l.768 3.735 4.832 4.368

l)lated () : "_ 0.3.t7 0.733 0.286 0.595. ,..)O ,*._

l.ea.ked (). 108 0.003 0.649 4 x 10 -4 0.155

t_eric_d. :ks irl I:igure .1.2.5. the total aerosol particle mass in each section (or size

cl_s._) is giv_,rl tJv the upp_,rr_lost horizorltal line over the particle diameter range of

!tla_ s_,c_ioi_, wtlile ttle relative fractions of the shaded regions represent the relative

Illa_ (()[lcerl_rati()lls ()i tile' three aerosol species (CsOH, MnO and tt20). For both

calc_ll_li()ns wil}l an aggloIIleratioll stlape factor of 2.2,5 (in the upt)er half of the

[igllr_'). l_,ss i11.iected a_,ros()ls an(t less water aerosols are present and the injected

avr(,_()l size _listrit_ulio[_ p_'aks Lt larger dia_eters than with a default agglon_eration

.<t_a_t,,_ t_(:t(,r _:_t 1.() {.i_, tt_: lower t_a[[" ()t lhc tigure), b'igure 6.4.1 st_owed that tt_('

dv[_ar_ic shape factor did not have a strong effect on the results Lt this time. tIowever,

>()r[_,, rtiI[er('I_(,'s ;rrc visible })etwee_ the two calculations done with a dynamic shape

t_,(l,,r (_[ I.'_5 (iii l}_¢, l,'['t t_itlf o[" t}_c [igure) a_(t the tw() calculations do_e. with a

,i¢,f_,!lll _i\ _,a_:ic >}llt[)¢' [a(l()r ()f l.()(in t}le rig}_t half of the ti,gur'e); in pa[tick, la[. t}l_'

,!,.I.,,:1_ _txIi,:_l:i,' :[_i_i,_. t',_,l,,r r(.:- _l]l:-: il_ .<()rl_,.'.'_,,'llal.[_r()_.(l(,r size _ti>!ril_.li_,r_s t'__r IIi,'

i[I.i' ( I("_] }1("_''" r'I _, ,'[ll[,()II('[ll .

"li_,' ii_a_i i,,c,:l i,,l_., _,1 1}_,' ir_]t,(t_'_t a¢.I'¢_s¢)1:;l()r _'a(t_ ¢)f tt_cs,' ltlr(,_ >(,n._ilivilv ._It_,tv

_'}t.v,'_< alll(] t}i,' r','[(?l'('ll((' (;t[(ll[}iti()II. will_ (()rrest_on(iir_g lest. data. are givell i_l "]'a-

1,1,. t;..l.I l_,r ,.,:,}_ ;_,'l_)>r_] :_t_'(i('s _r_,l [(_r tt_, l()lnl. Ali (:alc_l_tio_!_ c()rr'c(t[v t)re(Ii(t

• 1}1,:' ,}_{. rrt:,.},}:il\ {,I 1}_,, ;_,.r{}._{)l irl i,'(li(}_ r{'ri_,tirls i_l tile vessel, s(,ttI(,{t l{} tilt: tl(,{_r.

"l}i, r_'I_li"., i_rri, !_r,l_ ,',t l,r,¢ti(l('(t [,1;_l(.,:I rila_:-_:-;_[1_,1()[ total aer¢,:--;()l [II}INN l_';_k,.',i 1_, ((,i1--
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7 Thermal/Hydraulic Sensitivity Studies

Anothc-r set of sensitivity studies have been done on parameters, models or vari-

" abies which directly affect the therma!/hydrautic response (with the aerosol response

affected only indirectly'). In this section, the results of varying such thermal/hydraulic
• variables as c_.ndensation. radiation heat transfer and insulation thermal conductivity

are described.

7.1 Condensation on Pool Surface

Tile reference analysis included a detailed volume-altitude table in the lower region

of the containment vessel. This was not our first attempt at modelling the (;STF

vessel. Our original control-volume model consisted of a simple straig!-t cylirlder.

with diameter equal to that of the test vessel and height set to give tile correct total

volume" this would be the typical" put ri>_(iel that we believe most users wottld define

in similar problems. \Ve found that that sinlple model had to be refined irl order t(_

obtaip, better agreement with test data. As a sensitivity stud}', a calculation _tsing

that orginal, straight-cylinder, model was redone.

The basic t)heuomenon under evaluation is the condensation of steanl froi,,t the

vessel a rmosphere (_nto the [)_(_[ .surface. _t function both of the tcttlperatllre differ-
"

ences end of the pool surface area. in the straight-cylinder n_odel, the pool surface

area i.- alwa,s at its maximum (the cylinder cross-sectional area), while the Illore
_ietaii_,l volunle-altitudc tabi( _ reflvcts r}_c, increase in cross-sectional area xvit}_ i':-

crva::-ing _,l_-vati_)n n the ,_11 ': "It_, ,(etl loxvcr }ieau. [:or small amounts (,f pool. the s_lrla(,,

art,a is s,i},stantiaiiv re(iti(ed frr_Iti tb,t: rl:axirt,urti, straight-cylinder, value, clte(_iv,,l\

,iecr_'a>ing r}_,. are:a ov,,r w}_ic},,condet_sati()tt _)ccurs.

"l}:_ _l[_i_t-r _lr_.', iii Fig!ir,. 7.I.I .--}i(,x_>rh,' tr_tal and stcatn parliai prt,sbtlr,,5 i_v_-

,iic',.,i it:. _}_c. ,,,rt',:zlrt:,.r,,' ,._'.->,'i f;_r "}lc ',_v(_ dif[,,ront input n_>(i,,Is (_tiflt,ri_:,A ,,i_l',

rr :}_,- v(-,it'r_._c-,lttta,!,, t_,i,l(,.,- _'>c,! for _t:_. vess_,l (ontrol volut_e), together _xit}t t}t_.

,-, ,r, ,.- ;,,.-,:,,i ,:_,,.. .,_"t.s: ,ial,:-.... r}t,. },::[k ;_I,_:,,<,'.,}:¢,r,,,. .. ;t_t pool tempcralu:'vs t(_r tt_,.-,: ,_x,,
, , . .

• . _ .

• .... ' - ' 1 " } ' ' " tl .

• . , ,

I i
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_., _ilcasured pool liquid mass tllrougl,out i_ost c,f tll_, problem. The initial tiln_.

li(t,lid inventory is not caused simply by a AT(t ....0);;0, but is due to sonic quirk

irl the teinperature initialization, because the initial filrt_ inventory and subsequent

(_flsct in later-time pool liquid mass is not calculated if tile MI;;I,(;EN initialization

sc}:erne is bypassed but the initial heat structure temperature gradient calculated by

t},_, NIEI,GFN heat structure temperature initialization iilput many,ally, as shown in

Figure 7.'2.1.

'l'}lerc is very little, if any, visible differeIlce in any of the other predicted variables

:asi_lg l.tlc d iIt'crcr_t initial heat structure tempe.ratllrcs.

7.3 Radiation Heat Tl-ansfer

l'i_,: r,deren(e analysis incltlded radiative heat tri, ii._f('r be.tween heat structure

ii Ia, (':_itll,t adj_tcent cot_trol voltline attnost,ller('s, wil}_ _t st_ecitie_t emissivity of 0.9.
-1 r Tt:,,,iia,i()II \x'_s itl<ltl¢tc'_t ii1 1,lost ot(_t_r Xll';l.(:()l{ c_tlct_lati(_s t_ccause the CONTAIN

i, t iii. att_io>l)}tcrt,. Noru_ally, at the relatively low l.eti_t)eraturc's in this experiment,

,,\',. _vo_l(t assun_e that radiation was not an important phenomenon and would not
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with and without radiation, with experiTnental data. Neglecting radiative heat tra:ls-

fer increased the suspended aerosol rilasses dratnatically, during tile steady-state, aI_d

vent periods (---10000-20000s) as well as late in the cooldown period (>30000s). t"ig-

. ure 7.3.4 shows that the cllange in suspended aerosol masses is due to very ditfcrcnt

saturation ratios being calculated with and without atmosphere-structure radiation

heat transfer, with corresponding differences in the water aerosol masses. During

the steady-state period from _:46000s to <30000s, the test vessel atmosphere in tile

reference calculation with radiative heat transfer is full?' saturated, while the sen-

sitivity stud?, with no radiation heat transfer remains subsaturated until ---20000s.

That extra period of time when the sensitivity-study calculation remains subsatu-

rated, and when no water aerosol is present, corresponds exactly to the time w}len

the predicted aerosol suspended masses in the sensitivity-study calculation decline

much more slowly than seen either in the test data or in the reference calculation;

once the calculation with no radiative heat transfer predicts fully saturated coi,di-

tions, at ---200000s, tile st:spended aerosol masses drop as rapidly ats earlier ii: the
reference calculation.

The aerodynamic mass median dia_neters and the geometric standard devialioI_s

predicted in this sensitivity analysis are compared to the reference calculation r_,st, lts

a,ld to values derived from experimental observations in Figure 7.3.5, while the tr:ass

distributions of the thre _(:aerosol_._pecies at :!-11000s (when the calculatiotls wit}: all(t

without atrilosphere-structt:re radiation heat, transfer give very different, results) are

compared in Figure 7.3.6. These two tigures show that the prolonged subsaturate.d

atmosphere conditions predicted in the absence of radiative heat transfer, during the

_--(;000-20000s pc,riod, r(,sult in n(_ wal¢,r a(,ros(_l particles being present a:ld, t}l¢:r¢,i(,r_..

ri(., coridci,satioi: onto al:d subs_,qt_(,ri:, rapid growl ti of Ill(' injected aerosol st,_,(i(.>

particles; ibis results ill g('ii(_rallv ,_[::aller a(,rosol t_articles which settl(, ollt ()t t},,'

al,nospi:(,r(>,nore slowly.



MELCORAssessment: LACE LA-4
10 .

10"° " ,,,,,,
--_ -1
"-'10 ".

_ •
if) .

-2
:_ 10
o

o

cD -3 •
< 10
TJ •

-o I i_
c "' CsOH (Reference) I
o-10
cn --I- CsOH (No HS Red) I

cn .... I" CsOH (Data) I "
°°,

10-S .....= MnO (Reference) ,_ O..

---O- MnO (No HS Rad) _ "...
.... O'- MnO (Data) " %

-6
10

10+2 10+3 10+4 1 0+5 10+6Time (s)
LACE LA-4 (2-comp0nent)

n?BKBHN 7/29/91 10.14:33 MEIeOR

l,'iMllt'(, 7 :; " <, +,(,t+<+, i ",, ,<, , I \I;_, ,, II"': lP,,,li_tti,",t, _,'tl+-:iii','it\ _ ,),i'v• "'_" : '_ ' 1' " ' ' ' ,r

& ,, _ _ M ,



14ELCORAssessment: LACE LA-4

°°.........I :................0 97s i--- "_"s"=l
ogso \ |,.,-

° 0 900 _1
• _0 875 I _

I
_go8so t
o__oB2s

0 800 1 _ |
•/ %

0 775

" A0 750 _ "

0 725 t_
. . • .....i • - • -.---= - .... "• • = .....i

0 7000, z 0+3 O+4 O+sI I I I I0++

Ttr,.,(,)
LACE.LA-4 (2-component)
G2BKtlHN 7/29/91 10:14:33 MELCOR

MELCORAsse=smenf:LACE LA-4 i

I0 +2 ........ " .......'

l--+.u1------ i_ HS Rad

_!, O. 0

I

10-_ II
< I

o 10-2 I
3: I

I
I

I0 -s I
I
I

10 -+ ' ' ...... 0++10++ 10*3 1 0++ 10+s 1

Time (s)
LACE LA-4 (2-component)
G2BKBHN 7/29/91 10:14:33 k_LCOR

(+.<+..



M_ICO_ Asse_._men': LACE .A 4
32 5 ........ , ......

3 0 0 _ R_'ererca

---- No HS R_d

"J 27 5 ........ Pa,0
'o
E._ 25 0

_ 22 5

._ 23 0

b '7 5

._'_o
v_

'2 5
_E

.o_ :0 0

_ 75
-_" _. .."'C" -.. ".I _" _-

5 0 .. _.

2 S

0 0 , • ...... i • J ¢ • • • i J

10 _ 10 +4 10 . _TimB(s)
LACE LA-4 (2-compone,"t)
G3BJERZ 30JUL91 09:52:58 I_ELCOR

MELCOR Assessmen,: LAC:_ _A--_,
_0 " - ..... . . - .'...

Re f eK IIt"Ctl i
9 No HS ,_:d

........Data l8

-_ 7

6

5
Lr)

.k) 4 _

__ .'"%',

2
o°
, ,.'

1 :'"

0 ........ i • • • • • • • ,

I0 + I 0_ I0 _TimB Cs)

LACE LA-4 (2-comaonent)
C3BJERZ 30JU._gl 0g:52:58 _ELCCR

l"iXllr(, 7.3.5. A('r(){lyli;_rili( ._I_:_;Xl(',lia_l l)i;_r_l(,l(,r (lc, l) ) _lll,l (;('()rlJ_'lri,
gl_,Iiri;_I'_'] I)('vi_lli()I_ (t,()lt()_r_)t()r .":,_l:-;t}(,ll(](,(l :\('r().'.:,()l.'-; It.";
l_(li_li_)Ii ,_('_>:ili_il\ _I_(ly

T()



I

c_ 3 5

2 5

2 9

' 5

3 5

3 n

10-7 10-6 '3s 10-4 IC 5

Diometar (m)

4_

,:'.,i '.',"_,,. : !,,,':. I', .....,:_ ' ,,', II "_ l_,]_li,)r_ _(,_l_iI,_ Ix _,i\



T;Ibh' 7.3.1. i'_st'l'e._t, A,_,r(_()l I_¢)cuti<)II_ !1_ Ra.<tiation Sensitivit, y St,tidy

Ae"<>_(_!."qp_'vie.'.-; I,_c;_.tioI_ 'l'<:';t l)at, (2ode (kg)

(Rg) lt et'er<_nce No 118 Ilmr,liar,ion
q,

( i;,( ) li Set t I(,,I 2.5(;'J '_ 615 ',' "')"

1' I,te,t ().:',(),1 ().2:_0 0.2:;5

l,(,akt,_l ().C)()7 0.()02 0.C)_'88

NItl () Seri le_t l .(,)27 '2.153 2.()69

l'Iate_l ().'2'2++ (). I 17 O, 12S

l_,ak(,(t (). l()l ().()() 1 0.073

.'411til ,'4, ' II Ii ';'i l.,t!tO .1.768 4 .,_,t...,_¢'-_
,_. . ,j,I' I,tt ('ii ().5 '".,_'_ ().3,17 ()., ,(,.,

I,_+akt_t (). l(}_ (J.()():', (). 1(ii

,.4 lllstll:_ti(_tt 'l'herll_:_l (,(_tt(tttctivil_y'

I}1,. t}l,.I!,_+_l ,,,t_,J+_, !ivit', ,,i I}_(, li},,'r_l;t- it_ql_lati()[_ i._ cite_t iI_ t}_+' test +tocU-

li,' :ll,Iti(,+Ii ,t. t;"Itl;/titl[', ().(}l(_\\" III-K .'+ . tlt+'_'_t'",'('l', llI_t.t r('I)C)t't+ <l(>t's ttl('titiott .'.+:()I[te

,i¢'_4[;t_luti+)tl }[_tit,' i:t.'-t_li_ti(>I_vi_it,l(_', ;_t_,t_t ,,at_(' ()I(). I()x,V 'rli-Kwa._ tlse(t itr tl_t' (.'()N-

I.-\l\' _ttl;tl_ i_ '_ J'}_;tt }ti_-}_<'r_;_ltt<",v;,>t_._<'<t}_ t}_('rt,Ier(,r_c(_Ml':l,t:()l;t(:ul('ulation.
• .

\ _,_--itivit, :!,_,i', '.,._,.....l(,i_,. '.,,i1}_ t}i,, l,,,.vt.r. ,,_*_llUI va ltl(, (,f t}_t,rtttal (<)r_(lt_(tivitv

'l}t,, t,,t,,i ;_i_,l. t+,_t!It [,_ttti_l t>I_+_.<'_i,'_[_[_,<ti(t_*+tin thf+ (:()tilaitlt_ietltvessel t()t" the

i_,,_, '!i+'r v,. t!_ +}I,-,<,II -!,_,tl,ii_ __, t_': +'_ <l,tt;l). l_<,t}_ ti_. t<,t_l t('.'-;t ',,'_ .'--..'<_'II_r+,'_.'-qttr_' _+,Ii<l

'++,. ',,,:+ :,,,,;:;:.i. I,.,"_.-:lr,. it',. t,,,.+,,_!+,-.-tv,.l,,. ++-.i,,Itili<+_t_tl',,...ttigl_'t l_>r tI+_, "tJt,t.t+*r""

' .. : ,,:. ' .+ :., '++, ,,,,i. ' ;' I" ,,,,i t}+, -tt.;tii_ i,;iIti;_[ [)r_,:-.-+tlr_.i:-. +_1:-.(_}ti,, l_<,r,.,

..' :,'"., :,: .,+.+ ,+ i,, _+_+_`_:_+_+++_`_u_++_+_+_```'_v_<_+I_it+_+tI_`_I_it'_I_t_.`_

-' ,r, 7 I.'.2, ,.++,i,,+r, +},+ },+:!'+,+,t_ ,,:,:l,}_,:-r,+;_t+,'iI,,,,,l t_.tI+lJt,ral_Jr,,.,.-_<+;tl(txlat.,+,<i+,:>r

, , r. + .,,. :' <,i ++. ',i;,ri,,t_ t}++rr++,_I,,+,r_,l,_+;'..il',. l'l<,t + t_,rtii>_.r;_t_]t_'_+ar_+ I-.,K
+

, ._ '. ,v_, r 't,. rr ,;i ,,,t+,;_,+,, '+.. r +.` _;_i+i+. ,jt ri+,,,,+., rpt, +.-t ,,.+t,'] '+ . t;tt<, I+,_'ti<.,<J. ;til, '+`

I'. + - . . ,, , ,, t ,.,Ii ..... t,t ,,_ *,,' .,+ \\it I t,rllIJ(I_i' It_ .... iii l}l+' ";t<+<'+
+ .

• ' ., 'If+ , !ii i<t_ i+ til;ii i,,II lirl;_<+ *, ' _ . ,._ '+ +t P', p_+ I t :I_ ,', ' " *

+

+, +' • ..... +, Ii}\ +li+'+' + '.+', '_'+ ++,' " ,, t!+t't ii: til;iii, t}t<. lillii[ I,<><,l
• t

"' ,+ ' ...... .. + ;, t}, +'. + ;P , :++ t,'t,,, ,,ii tll/tli(,tI.

.+,)
+ ,



0
+1 +2 +3 +4

10 10 10 10Time (min)

t ^CE LA-4 (2-component)
BKBHN 7/29/91 10:14:33 MEL20R

1 ;,'_lr_ T.l.l. i,,• ,,! --._(,:.,: i',::'i;,,1 _'_,,x_ :r( '-< lT!-ilt_).)_(,It ( ()li,{l_(l:',il".



MELCORAssessmenf" LACE LA-4
460 ........ , , ..... ..... , ....... __

- At ph (k 010).. mos ere = .

4 4 0 - : Pool (k=0.10)

-- -@ -- Atmosphere (k=0.0467)

-- .11 -- Pool (k=0.0467)
v 420 -
v .... 0" T-upper (Data)

m .... _" T-lower (Date)

400 - ....E}-. Pool (Data)
O
i,-

Q..
E 380 "

I.-- "0-- -"

o3
t,#"} . .

" 360 ." i "_
" "'" " ''" "°..A

L.,_ ." .... (3""

340 .-" ." .o'"
.." Z_" ... "

320 .'"

300 ""

10+1 +3
10 +2 10 10 +4

Time (min)
LACE LA-4 (2-compon,_qt)
G2BKBHN 7/29/91 10:!4:33 MELCOR

Ti



The suspended masses predicted for tile two aerosols in this sensitivity study

are given in Figure 7.-1.3, together with experimental data. Using the lower, cited

value for insulation thernlal conductivity again resulted in a dramatic increase in

the suspeltdt,d aerosol masses during the --_10000-20000s period. Figure 7.4.4 shows

• that the change in suspended aerosol masses is not due to very different saturation

ratios being calculated, as occurred for similar suspended aerosol mass differences

° predicted with and wit}_out atmosphere-structure radiation heat transfer (discussed in

the previous subsection, 7.3). Instead, the comparison in the lower half of Figure 7.4.4

indicates that the differenceb predicted in CsOtt and MnO aerosol suspended masses

are due to very different ainounts of water aerosol present for condensation in these

two calculations during the time period in question.

The aerodynamic mass median diameters and the geometric standard deviations

are contrasted in Figure 7.4.5, and the mass distributions of the three aerosol species

at > l l000s in Figure 7.4.6. The average diameter coinparison shows that the C,OH

and :_lnO particles are smaller during the _6000-20000s period, and hence settle out

iIlorc' slowly" tile size distribution coilfirtns that less water aerosol is present duriilg

this time, resulting in less condensation and slower particle growth. Once the water

aerosol mass becomes equal for tilese two calculations (at --_20000s), _ne CsOlt-MnO

aerosol co;nponent particles grow to about the same size and settle out at about t,he
same rate.

Table 7.4.1 S_llI_nlarizes the _rl_easured post-test a{_rosol locations and the corrc-

st)onding t)rcdictions from these, two calculations. Tllere is once again more aerosol

leakage in the calculation with larger suspended aerosol masses predicted du_ing the

s late. cooldowil, period i_l tIlat calculation. There is not nluch qualitative cha,_g{, iii

(teposited or plated rilass('._ t}r,_(lictcd with and without radiation, aild onl\ IIliJ,,}r

{tt:antitat ire (]i[t'er(,rl((,s.

Agaiil. as with the atlt_ost)ll(,rt,-str:l(ture radiative heat transfer sensitivity sI:l{t\'.

the ditlerent \alu{,s ()f instllal i()n t llcrtTlal condl_ctivitv only t)ro(luced differ{,_('(,.< i_l

tile t}r{,(ti(:l(,(i a{;r()sol rcs!D()_l_¢'i,_. tl_()s(, (al(ulat.i_)_s where t t_o water was t_(}d{'ll¢'_l ,,s
_t sct)ai'itt{' a_'rosol (oI_":}()I1{'i11.

i ,1
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8 Comparison to CONTAIN

The reference MELCOR calculation described in Section 4 has been compared to

- a si_nilar calculation 18] done recently with the CONTAIN code [7]. The referenced

paper contains a _umber of post-test analyses; tile one used for this comparison with

MI';I.,COt{ is tile "lh,st Estimate with Insoluble Aerosol" calculation, even though a

separate CONTAIN analysis presented in reference [7! ("Best Estimate with Soluble

A(,ro:-,()l") was in iiluch l)ctter agreeIilcxlt with data during most of the ext)eritnc_lt.

That <alculatioil iilcluded ¢t_e hygroscot)ic et[ect for the CsOIt aerosol; because that

effect is not represented in MELCOR those results were not used for this code-to-code,

con_t)arisort.

As ill otlr rcl'(,r(,l_ce MEI, C()I_ calculation, the CONTA:N calculation used til(,'

high(:r insulation tllcrmal conductivity, and included radiation heat trans%r, but did

not in(:l,,(t(, _nv hygrosopic effects. Both should be considered non-blind, posttest

analys('s wI_('re tile l('st data were available fl)r coinparison during the calculatioxls.

[l<;<ause t.}l<,r'ch,r(.llcc MI,;L(:OR calculation was done with an agglomeration shape

factor set to 2.25 (froin the MELCOR and CONTAIN ABCOVE analyses [2]) while

the CONTAIN I,A4 calculation used a default agglomeration shape factor of 1.0 [9],

the (:ONTAIN rcsl_lls are compared also to the results of the MELCOR sensitivity

s:tu,ty ('alct2latioll wllich us(,(t the default agglonleration shape factor of 1.0 (described
irl ,<,('{ti()tl {;,.1).

["igure 8.1 co_ilt}are:; rh(, tesi, vessel pressures calculated by MELCOR and by

(;()NTA IN, and ii_(:ludes tile corresponding ext)erimental data. (The time I)eriod

t)l()llc(t iii !}l('s(' cv<)Ssl?lots is shorter than t]_at sh()wrl in the reference MEII, C()t{
(:alctlla.tioIl rcstllts iii Section .1 becaus(? the (;ONTAIN calculation was not ru_l to

,t_(_ (._l(i _>t1}**,('_)()l(t()wn t)(','io(t, only t() t)_o en(t of" the v(.r_t period.) The CONTAIN
I(_s_II._ _t)(' iI_ [)('l.t(,_ ag, rec_,_('nt with data than t)_(, MEI,(;()I{. r('sults during I}_(:(:arly

acr_)s(,I it_.icct.io_ i_(,rio(t, but iit general tt_(: CONTAIN a)_(t MEI,COI{. results av_' very

sinlilar to (.'ach other. The MELCOR results obtained using the two different ASF

valt_es are ii_distin_,uishable in this crossplot.

"l'}l(' ittlil()sI)[l('r(' t(,_l_t)cratures t)r(_(ti(t('(t })\' lhc tw() c()(tes are givei_ ii_ [:igur(, S;.9

!_),/.(,Ii,('t \xiI }11}_ci_,('_tsur('(t (lala t'()r th(' Ixi)f)cr t)art of l.}tc tesi v(,ss(,l. (As (liscuss('(t i_x
_,'_li_,l_ t l\x,, (ti,_<'i,ict r(',,". , . _l(,_i>;. ()r c()_v(.<ti()I_ (_'11:-:.w('r(, (>t,._(,_x(,(l iI_ finis C×[)¢'l'iItt('lll:

t}_( _I't"') ,,'_,i(,_ (,_ _('11 \x_.-_(l_a_ra(t(,riz(,(t t,\ r_,lativcl< _li_it(,r_t_ !('Ill[)Ol'ilI/lI'l'. v, itll(t

ilt(l!l(l,..(i _:tI[ t It(, ',,¢)lliiIl(, it}),.>',.(., I}l(, (,Ic',.i.tl i()tl ()[ tilt, :.-:l(,_ttli ()tltlt'l I)iI-)(', ()r al),:)tJt, !,)5(.( ()l

!}_(' t(>tal ".()ll_tt)(.'.') 'l't_e (;()NTAIN r(,sult is agai)_ il_ t>ctl(,r agrt,(')_)('l_t wil}_ t(,st dala.

,'e-:i,(.ci_tll\' (,a_)l\ iI_ I I_(,trltIly:.i(,i_'t, l)t_t. }.)(>t)_(()d(.> ,,.,_,ix(:,{luit(, _.('(.,.,l)ta[)l(, a,.e,,re,,ii_(.'Ill",.vii}i

' (!_tl,: (!tIl'iti_'., ! _(),-t ()I I}I(' l(':-I l)(')'i()(I, i)_(l_({])l,,,z l}_(' >l('_t(lv-_l_l(' _tl_(l ,,(,zll I)(')'i_,(Ix ()f

,i_,:-_ i,_',(.,,.-I "I'll,.' \li'2I,('()l', > )'(,>-._li).,,(,},)ai[_',l _iI_,_'., t}_, _',x(, ,liII(')(',_l, ..\_I" ,,_I_, ....

,, ;_),. ;_!),_(,:-.,,)_ ii,,)iil_:_li--)li_},!,, i)i ll_i:-: ( I(,-:-<l,l()l. ,':q, ,'I)I l()r ;_ [,)i('I (liv('r_!,('II((' l,('I',x,'('I,
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{,,+{,it_,ti_,.vv,ysitttil;trtllerlt,alh,,¢{r_ulic(_,,_,iiti¢_t_l_cirtgc_Icul_tcd,t}leresults

I;,_tl_,.;.'.,>_I,,',_,l,'_{;_e,',_solntasses;_,'e¢luitc_lii{crc,,tl¢_r.\ll'II,('()Ra,,dfor('()NTAIN

_., _,,., lt,;tl -.t<.,;_¢l_,-._tate.attd vctlt perloc{'", as illt,stt'atcd i,t t:igurc. _.3. The results

,_, ,i,¢ t_'+,i},x t,<;t }l codes are very sl,Ililar to c+tclt other ;_nd to data (tuting the aerosol
,o

,:?,_ti(,,l t)('r'i,),{> ("5000._). The suspcl,dcd aerosol t,msses calculaled by CONTAIN

. 1:. ,,_! {'\b!r,'>C()t_iC VII'cots) t't_r botll Sl_ecics atrc >t,bst;itltially tli,+e,,ilcrtllnt, either test
:..,,t _,, tt,_+ Nl l'.l,<.J()l{ rcferel,ce culcul;ttiotl rvsults frot,_.--60()0s ++t,rough the end of

., },t I'i,,,] ;tli;'.l\/('({ },_V },,)Ih (o¢1(,s; }/(_\v(,\(,I. l}l,' NI {+_{,( :() {;_ l'¢_..qtlltS using the sanw

'_, :_:it } <l+.,+,+{¢,lt,,'l';,li()ll :qi,;_l_e [au:tor ;ts itr tire (+()Nq'..'xlN _tl_;tlvscs. are very sltnilar

+ ti_,. ('().N'I'+\IN results for t_ot.lt ;terosol Sl_CCi¢+sdt{rit{g tl,e stea¢i,,'-state il.ild vent

{,, :i,,¢is ((;t)()()-2t)()()t)s), t),,fore diverging f'rot,_ tl,e (:ON'i'.,'xIN }_redictions by about an

,.,r,.{+',',,I"t,,_/Illt,t,{c<lt_'lt_gl{,e};isr,cooldow_, t('._;tperi,)d.

I {,,. :-+;tt t{_;t_;¢_I{ t_ttit_._ attt{ ,,v;:tcr _k¢,t'(_.q(_{ ti_;_s:.<..>..'<,{>{_,.t_¢]_,(] iii tile t,,._t re.ssc] at-

},i+,.;+,.i>,,.,iict¢,,{ {_\ l}_,. txv()(()d(,s _tt_, (r(_>,l_l<,tt¢,<{ lr, t:igut,., S..t. Tt,(; (litt'er,,,t(:es

• ._ :. ,1, ,,, ,,,: ,,l it, jt,cti(_,, t>¢,,i(_+.{s(t 5()()():_) <{(,,let rest,lt it, itllV diflcrenc,!s it, sus-
• { ' +_ +) ., ,; +,,, ,.,,l ,_,;t.-:.-.,'>._,:<:_vct, i,t t:igu,'<.' . ..,. '1"1,_'rapid d,'op¢>ft i_ st,sl_vt_de+d aerosol
, l_, ;1:,+ :,t,.,',+[|(<.' Xll'il.('()l{c;,l<.::l_ti()_t ;tr l()()()()s,_,ot seen it, t lte (;()NT:X. IN

.._<;li_,_t.,,¢(t_'s ;it a ti[t_c wl_en berl, codes t)rcdict ;t saturation rat.lo of 1. ltow-

rr:,. r,,l,_r", r,¢+,'Xl t'il.('()}{ calculatiort (wilt, _.tr_agglorrmratiort shape factor of 2.25)

. i, F,_., I V, ;tl+,'I' lt¢'I't,>()l ftl<t:-:',('5 +,{tlI'iltg iii(' I iIIl<.' (7t' ]Illt+I'e,<,l, (_" lO00()-17()00s) tllltll

't,,t <()N'I':\IN ,,r \I{'LI,('C)I{. ,t:_it,g tit<.' ,tct;tt{lt agglott_cralioxl shape factor,

,:, ,,,.-.,.{- l'{,t, x_;_t,,, ,_<.-r¢>:¢,lr,tus> t>t'c(tlct,.<{ dt,t'i,,g t{,¢, stearlv-state and early

,: ,,{ + 'ii<..\l}'.I,'(){¢-=,,,siti\+itx_.lt,,Ivc;,lct,l;tti,),_t,._.i,,gII,,',{¢'I'ilultagg,l()t,,-

,,:,, ,,,,,, at,-,,.,.< \,t_ \\vii \vit}, t}_,,¢,,,,t,:l_<_t_<lit,g ('()N'I':\IN ,,.._ltlt t,sit,,+e,,

, ,;,i. ,I: ,,g,_;l,,,_,,_;ttl,,_, -},;,i_el_,ct,_r. t,<,{<,,+,+llvt+rg,i,,g,lt,rl,,gt{,,,>,,(.'o,,¢{ },all"

, , ' : _,, : , ,,{. {'},_,! [illl'-lilli¢' I{]vt'rgt'll('¢' ill \\}ll(+f" ll('F()."-;()I III}I.qN('N t'(}I+I'('NI)()IIII.E l()

, .,, , +. _+,,. -".-,t ,,,, ,. ;.-,(jtJ(.+.-,i,,tl_>,I. ',,+t,¢ {, it, till'Ii is l,ro}+,al,lv <.Lt+,'to ,.{ill¢'r-

, 1! +,+ + +tftti( ' ;IY-;.'-.IIIIII.)Iit)II>()II ILO\%' t(.+ tr('at c×c('._.'-:\','+tt¢,r +]rc>[)l(.ts ]t_ +t rapidly

.' . :' ,i" lit(J" ])}It'['('.

, "- } ,_v> tI;,-/,¢'t,,-,,I t,t;,..:;<.'-=i_t ¢';,,{/ ,,{' tire' ".]/.<!>('cti(+t_>. t<,r tlt¢' rt,l(,r,.t{<,,

+: II ' ,t* '._.f ,-le Iii, ,_,.t(,>,,} { ;tttl(I, - atF,, + :-t'lltltl_', t,tll <{,liiii t_', tile'

.. [ + .,. ,; ,,,r + t,:,. t_,{-,,,, t+<,t,l ", I+{t+,' (:()N'I'.\I.N I,}¢>l>, ii, !)+ {l+t\','

+' ' ' ,: i, "., I t,, +,',',_,'+".'J_+-t'<,l .,,'+' ,+>ttxI,atris,:++tt( _,I>+<+I,ti,'t_tt+v+{a,t;t itr

. ' \ :'.l" <,t.¢I l+,,>,++t l_<'¢,,,,,{,;trl:-_,+l_ i,l 1"i>',,,,¢"'-,',.'; +t,i<i*..l, tit(.
i+

\ • .

" \ .... • + ,t,,.+.t - /, <{i. ttit,_;li,,t+ ,l',t+tl t+_tix.<'l\ \,';"., -tt++i{a,+ t++_ tl,_tt

r ' I , i, + . + I t tl''_' ' +{+''[;'t +''li . { I < + { ' t + I 't t t 1' ' ' i [ I NI tlaI," ( )1'+. _ I ] { { }}++l {l +1 t'<'

+

•' /, .: Ii{,,it:,,:,,I:1_,_,t,.I,.¢, \11'{.('()}g,:_{;;tl;,ti_,I,;_t

*,, {
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NIELCOR and CONTAIN are known to give., e_sentiaiiv identical results for sus-

.::,ended aerosol masses, in excellent agreement with test data, in the dry ABCOVE

-,.ties of experiments done in the same test fa.cilitv as the "wet" LACE experiments

" This comparison shows that when the same input parameter values are used,. .

' IEI,COR and CO: TAIN give ver'," similar resl, lts for suspended aerosol masses in

r!_,: "'wet'; LACE LA4 experiment. The minor differences visible are most likely

_t.;tributabte to differences in thermal:hydraulics, particularly in treatments of con-

,i_.._satior_ and transient supersaturated cond;tions.



9 Code Limitations Identified

Currently in MELCOR. aerosol sectional data are not readily available as either

- control or plot variables, and are only partially available as optional output variables.

Ip. particular, the mass median diameter of the aerosol size distribution was identified

, as a variable of interest in the ABCOVE aerosol tests analyzed during the 1986

XIELCOR validation effort '.2I, and requested to be made available as an output
variable back then. This option had not ye': been added when these LACE LA4

assessment analyses were begun, but was added by the developers during this study.

As discussed in Sections 4 and 6.1, a sensitivity coefficient has recently been added

to SIELCOR. for this analysis, in which the degree to which aerosols drain with the

liquid film can t,e adjusted. Set to 1.0. the default MELCOR treatment discussed

above is maintaine_i. Set to 0.0. no aerosol is assumed removed by draining film. The

latter allows the effect of aerosol "washing-off'" on the plated aerosol masses to be
evaluated.

.-ks r_ter,.zior_,,i lr: _ection 3. a special code mod was added to provide the AN1NII)

and GSD variables or_ the plot file for each aerosol component in each control volume,

together with corresponding "'wet" and "'dry" composite values.





10 Summary and Conclusions

MELCOR was able to calculate most of the thermal/hydraulic and aero._(_l re-

sponse phenomena observed during the LACE LA4 experiment. The lack of any

hygroscopic effects in the MELCOR aerosol treatment was visible mostly as the lack

of any calculated difference in the behavior of the hygroscopic CsOH and the nonhv-
lt

groscopic MnO aerosols. MELCOR predicted aerosol particles generally larger than

measured, which then settled faster than observed, and consequently less suspended

aerosols were leaked and/or plated in the calculation than in tile experiment.

The results strongly indicate that water should be modelled as a separate aerosol

component, and that more sections (size bins) than the MELCOR default should

be used despite the extra cost. Including atmosphere-structure radiative heat trans-

fer, even at the relatively low temperatures (300-400K) characteristic of this test,

produced better agreement with data, as (tid using a detailed volume-altitude Tat,lc

reflecting the differences in sui-p,p pool liquid surface area with elevation in the el-

liptical lower head. There was astron-, effect of whether plated aerosol mass was

allowed to wash off heat structures with condensate films draining down into the

pool. The suspended aerosol results depended most strongly on the value used fc_r

the agglomeration shape factor, with a much weaker (but still visible) deperl(teitcc

upon the dynamic shape factor.

(;ON'FAIN calculations for I,ACI:; LA4 gave slightly bctt('r itgIU.(?iIl(?Ill,wittl (tata
for sot_m the.final hydraulic variables. "l'}le referen(:e MI:;LC()t{ r_sults wtr(. iii t,_:t-

ter agre(,rilent with rtleasured .-:uspended aerosol masses during the post-injection.

st(,a(tv-stat_ _an(l veil_, t_erio(ts corT,par('d t(_ results calculated }_x (:ON'I':\IN xvi_ll(Jt_T
v (an; }!vg.ros.((,pic el,c,t.s iii lh_'a_?r(>ot cqual.iorls. "l'}lc r(_,fer(:ii('t. NII';I,(?()t{ rc_>tlll:..

wi'}t,>,it airy }lygrosc(,t_ic _,([,,ct.s rKlod_'lled, were very similar 1(_ ('()NTA IN r_'stlit.< {+,i

'}l,' s_lst)_r_(tc.,1 acro._(_t r_ass_.s ,luring the steady-state., period oblain,,(t v,},,,_ t_ygc,>

scot_ic cittct. _ were ir_clud_,'t. "l'h(, r(,ason for t}_c' rtift'erence i,I t,rc(tic_(_,t s_,st,_'I_,t_',t

acr(>(,i r_tass_.s i_ i}_ lwo c(,,t_,s is the. larger a(,rosol parlicl_,s calc_la,_.d },v \11i1.--

('()t{" t},cr_:as(,;, for _},(:(ti[t,'rc_c,: ii, aeros()l particl(_ ._iz(_.sis t)rirltarilv I}1¢, (tit!_',_'_

a,g,,Al,,r!_,'r,.:i(_:l >}i;tl)l'ta(:l(_r> _ls(,_t.

.\[_};,_,,','}i _'}_,.r_,}_,._ 1,,',.,_ _t t(,1 _,t _tisc,_.::i(,_, re,c,.,_tlv ¢,n ,,,,_,,,.Iic ,.fi,.,l> _,,'I, _,,
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A Reference Calculation Input Deck

_eor.-melgen

title 'LACE LA-4 (2-component)'

tstart -3000.0

$

diagf melgen_diagnostic s

outputf melgen_output

p!otf plot_file

restartf restart_file
/<

:- non-condensible gas input

ncgO00 n2 4

ncgO01 o2 5

_;-** control volume input: there are three control volumes _-***

_:-._**the first is the e:,perimental vessel, the other two *_.**-

*_.* are infinite volumes that border the vessel ****

cvO0100 expvol 2 2 2 -:nonequil therm, vertical flow, containment

cvOOlaO 3

cvOOlal mass.l 950.0 pvol 1.070e5 tpol 315.05

cvOOla2 tatm 315.65 ph2o 7811. * ph2o : .0730_.'pvol

c':O01a3 mifr.4 0.79 mlfr.5 0.21

:_.... cvO0 lbl 0.0 0.0

-_*cvOOlb2 !9.03 852. * height, volume

--::first _.ttempt %o approximate bottom curvature

c ",'001 b I 0. O0 0. O0

c,'001b2 O. 13 0.40

c,'00153 O. 20 O. 93

c'.OOI'_,4 C;.30 2.05

c';O01b5 0 45 4.48

c'.'O0!b6 ig .03 852.00

......firs% attempt to appro:,:imaze bottom curvature

cvO01cl ae IOl 3

cf I0100 'cf i01 ' tab-fun I I.0 0.0

c_ I0 _r _ Ol.L _) ,w 1

° cflOllO I .0 0.0 time

tf I0100 lights 4 1.0 0.0

tflOllO O.O 2 ......



t, flOlll 102420.0 2.69e3

t:f 10112 102420.1 0.0

"" :0_ 13 999999.0 0.0

w

water leak

, "<}01c2 mass,1 102 3

:.:10200 'cf 102' tab-fun I I.0 O.0

f 10203 102

-t!0210 1.0 0.0 time

l,f 10200 water 6 I. 0 O. 0

rf!0210 -99999. 0 0

tf !0211 27000.0 0 0

t"+,_:0212 27000 1 0 0243

rf!0213 74400.0 0 0243

tf!0214 74400.! 0 0

tf10215 999999. 0 0

: v(.){_! c 3 pe 112 3
<f!!200 'cfff2' tab-fun 1 i.0 0.0

<f1!203 112

::"! 12 lC} 1 . 0 O. 0 time

" _ ! i 200 v'ater-enth 6 i.0 O. 0

•_i!?I0 -99999. 0.0

_f!!211 27000.0 0.0

,4£ i 1212 27000. 1 1 •52948e03

"f11213 74400.0 i.52948e03

_: 1121_ 74400 1 0 0

2f 11215 999999. 0.0

saturated steam

v001c4 mass. 3 103 3

! 10300 'cf103' tab-fun I 1.0 0.0

: " r,2-_03 103

. : lt310 1.0 0.0 time

.... T30"; s t e a .-.,. I 0 i , 0 C). 0

• : '.' "!__ -99999, 0.0

'''._:411 -3000. 1 0 0

• :'<D312 -3000.0 0 451

"_1"_<13 0 0 C) 451

''' "-"' 0 I 0 048" i l_
8

- : ',:,:_2,_, 4812.0 0 048

• : t ,%1_ 4812. I 0 029

• : 2 :,l_; 3f:(.;,"._(,.1 0 0

!}{;



tf 10319 999999. O. 0

cvO01c5 ae 1 i3 3

cfll30(, 'cfll3' tab-fun 1 1.0 0.0

cf11303 113
i

¢f11310 1.0 0.0 time

tf I1300 steam-enth 14 I .0 0.0

" tf11310 -99999. 0 0

tfll311 -3000.1 0 0

tf11312 -3000.0 1 24378e06

tf 11313 0.0 1 24378e06

tf11314 0.1 1 33200e05

tf11315 1830 0 1 33200e05

tf11316, 1830 1 1 33180e05

tf11317 3030 0 1 33180e05

tf11318 3030 1 1 33107e05

tf!1319 4812 0 ! 33107e05

tfl1320 4812 1 7 99903e04

tf11321 36000.0 7 99903e04

tf11322 36000 1 0 0

tf 113 _.,._, 9999a9_ 0 .0

nitrogen instrument purge gases
4

cvO01c6 mass. 4 _0_ 3

cf I0400 'cfl04' tab-fun I 1.0 O.O

cf 10403 104

cf I0410 1 .0 0.0 time

tf 10400 nit 16 I.0 O.0

tf10410 -99999. 0 0

tf1041! -3000.1 0 0

f104 ...._ -30¢)<,0 0 0014

tf10413 0 0 0 0014

tf10414 0 1 0 0016

,_f10415 1830 0 0 0016

tf10416 1830 1 0 00!8
- ,_ fOtflC_4!, 3030 0 r; ,)18

* f I{)'_ _ _r.'..,,-, 1 ()C_20

rf I0419 16800 0 0 0020
[¢tf!042(9 1681)o I 0 0014

tfi0421 36000 0 0 0014

tf10422 36000 1 0 0012
'l

tf10423 342000.0 CO0012

tf i r)--',qz.,_' ,.,...,_' ".;?r_r_....... I (i G

• tl lr ...i:_; 99'99L, ,. <;.0

c.'O(;l c 7 te !!4 8

'17



tfll400 nit-enth 1 1.0 0.0

tfll410 0.0 301.15

* nitrogen thru aerosol line (period. I" -50min to O)

cvOOlca mass 4 201 3

cf20100 'cf201' tab-fun 1 1.0 0.0

cf20103 201

cf20110 1.0 0.0 time

tr20100 nit-i 6 1.0 0.0

rf20110 -99999. 0 0

tf20111 -3000.1 0 0

tf20112 -3000.0 0 0027

tr20113 0.0 0 0027

tf20114 0.1 0 0

tf20115 999999. 0 0

¢vOOlcb te 211 8

tf21100 nit-l-enth 1 1.0 0.0

tf21110 0.0 433.15

.: nitrogen thru aerosol line (period 2" 0 to 30.5min)
cvO01cc mass.4 202 3

cf20200 'cf202' tab-fun 1 1.0 0.0

cf20203 202

cf20210 1.0 0.0 time

rf20200 nit-2 6 1.0 0.0

tr20210 -99999. 0 0

tf20211 -0.1 0 0

tf20212 0.0 0 067

tf20213 1830.0 0 067

tf20214 1830.1 0 0

tf20215 999999. 0 0

cvOOlcd te 212 8

rf21200 nit-2-enth 1 1.0 0.0

tr21210 0.0 510.15

: nitrogen thru aerosol line (period 3" 30.5 to 50.5min)

cvOOlce mass.4 203 3

cf20300 'cf203' tab-fun 1 1.0 0.0

cf20303 203

cf20310 1.0 0.0 time

tf20300 nit-3 6 1.0 0.0

rf20310 -99999. 0.0

rf20311 1830.0 0.0

tf20312 1830.1 0.066

tf20313 3030.0 0.066

tf20314 3030.1 0 0

(,)8



"__=2'33_,_5 99ggg& . 0 .O

cvO©!cf te 213 8

nf2i3OO nin-3-enzh 1 1.0 i,::

:f2i3!0 :: £ 626.!5

._ o:J.5 to 80.2:in;" - nitrogen thru aerosol line (period 4" ="

cvO0!c=_ =ase " 20-:
,-; 20-'_0,:3 ' cf_'"' '_ -.u- t ab - f un " i, C 0.0

cf20-02 20-1

cf204.!0 1.6 _" :. nine

:f20-100 nit--1 6 i .£ C. %

: f 2<..,'-! O - ggggg ".

:; 20-1'.1 ! 3030.6, O. C

=f20-112 30_, - ., _, (-,;,v

:f 20-1i'_', -18ii .0 0, C.£V

:f 20-114 48!2. " O, C

nf20415 gggggg. O. £

c-,'OO:cb te 2 _ " %

-_2i400 ni--' en:h * i " ,"_ "__ - _ . ,,d . J

_:zi-_'.J 0 £ .E>3g !5

- nitrogen nhru aerosol line (period 5" 80.2 ta 28C__in)
C','O0 !oi :as_ zd_ 3.

cf2050C 'cf _''-'_ ' " '=--,_c _.ab- ...._.. i i . 5: ,_,.O

cf20503 20£

cf205!O i .0 O.C ni-_

nf2Cc_J nin-£ 6 1 i, £ :_

-f2Og !.8 -ggggg. '-'_:6

%f_r _ _ . _ .-. .-zuc- _ -18!_:.G ,_ _

"f205!2 -8!2. _ 0 6037
.-.r- ,-r.f 2_s __.._ ._6800 .0 0 COq?. _,

:f20_ _'_- _,=,;_00.,_.., . ; 3 <.

":f 2O,:.i.£ c.,c c,- c c

: Z6 " " =" PcvOO : c _ . ....
:f2i:_1,: :.:: ..: e:.::'. . . ;..$

ni-fine:. ::.r. __e:,cg-i ilne :,eriod 6 28C :o 6G:_nin)
.: v:X. :..: :,.::_:s -: - -6 "-

: f 2 3£'L.7. i. 1£

" .-.f 2%{':..: :.:: -'- ;

-.fil£:L :4-11 _ . lli£



. £1_1 aura. _ 2 £ =qui! nher:, vertical f.,ow, containment

• . ]la i .3

..... :s: _ "t _': >_.-,_-i ! .':-,84eB tan_-. .'_'0_. O0
'I_L,-_L .-..Lfr,4 .:.7g ifr _ "

...... . _. , _ ig>_

._.%.l. ._.nnv.,_ c_ ;.., _ equil the-__, vert_l,.__ flow, _oncain-ent._

_ _ .

__ • :<,: _ , _ [ -_ '%.'98_e0[ gat: .'-._, .'%

- - :: .... L e L c" .%< " % .. _i.-..e

i;! ;



,1

c: 3C,i_,,,, yen: '-ab-fun l i .0 0.0

cf30103 3£ I.

c_30l i'",. _ _._"C .0 time
o

_._,..... :'area 6 I 0 0 0

rf $0: lO -gg_g9 O. i:rf $0111 :6800.0 0.0

: f 3 ::_ : 3 3_0 ){-.. ,:: I. £

,:f 3£' " ' _=6r,:1:.0...... " 0 '-,,

,:f3lt<: ',i,_=' _dd 2 l.O 0.0

:f3:::: -- ._ 1: 1, c--h-p,O02

fl£ ,:11 ':a,-_=-i' L 3 L9.0 Lg.O

l:illL: " ?_£ _,_Ot 0.0

f'i00"'" • _ ,'z,_,3 .2T,: ""5

f l::02-" 32: 3 :;2 302

c.s,_:,,_; "-= _ef tat-fu_n L [.0 0.0

: - 3: 2( 3 3::12

-:3:1,2:1 _ - C.% _ime

of 3 _2,1:!, 'de!na-_' aid 2 i .0 0.0

-_:'-" cvh-'-, 0C;3

" :3 12" - _ . _ c',h-p .,-,._l

-" - " fr.:-_ - -:_:es' _ " .:1, :J.... :-;

.-.e_-. gtric-_ire -T.EL:.'.

- m ....
, _

e.:--:_ : ::.:<-:- __:,i :?T_e:- :-.e__i z-.ce =tec# e.ss



hsO0001000 17 1 -i

hsO0001001 'upper-head'

nsO0001002 19.03 0.0

hsO0001100 -I 1 0.0

hsO0001 i01 0.0193 8

hsO000! I02 0.0443 17

hs0000!200 -!

hsO0001201 steel 7

hsO0001202 fiberglass 16
hsO000!300 0

hsO0001400 1 1 ext 1.0 1.0

hsO000! 500 45.604 Y.62 7.69.

hsO0001600 1 2 ext 1.0 1.0

hsO0001700 45.604 7.62 7.62

Ls,)O001800 -I

nsO000iSO1 3!5.65 8

hsO0001802 305.00 17

LsO0002000 22 2 -!

hsO0002001 'walls-edge'
hsO0002002 0.0 1.0

hsqO002!O0. -_, 1 3.8I

hsO000210! 3.8269 14

isOOuO2t,J2 3.8519 22
",. f', r_,.s'JO,J02200 - 1

hs ..... <r.ou,J_220i steel 13

hs -'r'C'C' fi 21<Jr_J2202 berglass

hs 50002300 0

hsO0002400 1 I ext 1.0 1.0
I _,"_'¢_O=r_O 428.b _, 9 !7 9

:.s -iOOO9600._ _ 1 2 e:.:t i . ,q_ _._. 0

r;s _¢002700 428.5 !7.9 17.9

_s00002800 -i

- s %0<.r_2%rl 3"B.6£ 13

-s:'bl:Lt.'8%2 3,1£.00 22

:,cT.:s: h_ad.... stee 7/_ibe _5,__ss-

:.z-,<IC3:)_),S !7 ! -i

" --'-,nOr_3,,nc:i ' f _oor_ '

:.s-:%103r_!32 -,._.0443 -i.Oe-7

7.;7' .,. _ ,, _ . '. ,,..,: -" * C I'J

:.z{,i 1%7151 6.0!93 8
.._ .... -_, _, _ .... _; 4 7



hsO0003200 -I

hsO0003201 s_ee! v

hs00003202 fiberglas:. L£

hs0000330£ 0

hsO00034 -_-_,,.... i l _._ O. __ _ .0

• i hsO00035 _,..... 7 ozv,J _5.604 7 d__ ._ _

hsO00036C'C i 2 e:,:t ! . " " .0

hs0000370£ '5.604 7.£2 u.62

hs000038')£ -i

hs0000380" 315.6£ 8

hs00003802 305,.Ci LT

" addi_:_on_-! internas - ".er_ical* for platting

hsOOOO4Of,:% f i

_.sOOuv_OC;l int-rc=r

hs000046£/2 "_9.¢3 O. -

hsO0004ll,< -i 1 0..

hsOOOO41l," 0.S)8149 E

hsO00042 " - 1

hs0000429' sceel

"_-- r:or''_ " 8-_:[., r:

hsO00044S.i ". " e::t _ .l " .0

hsOi..OO450,:L. 4,.0.8 7.0 7 . .

hsO0004600 ¢

hs00004891 3"5.f-_ 6

hsO0005C;O£ 6 l

hsO<'OO5O$! 'in: .... _-__;=_- '

,_, YrO.,_ -,'u+, - .

hs,S%OO511,'_ i,. :%,L._' ,__ 6

hsOOC;Og2_i -i

hs$1,.'_,i,521"_ shca- -

hs.l:_,I_'S%[

h z< 7.i L,..L-_. -:.- _

AsSb))- " - -'; _- __ .... -

7,s¢0 ;_"_,54 " {

_i :.s_.,__"-_ . _ i .... _ •
7.s '."_i,9£ .t,. -,L. - b {." £ ; ; .L 1% e --



:_:_,-:,_,: _:de package input

::.:.,,_ , ac%iva.%e rn! package

:-:.ii_ : t'<: 2 7 5 1 4 0 _- nsec, ncomp, nclas, ncls..., nclsb:.:,

;,_" , 7.

,. _, _: _r:, _,-_ 21,a_ ae_oso _ sectior-a! r:,ara.-..eters

. -_ code calculates aeros_,_ cofficien s

, .-_<,_e:][7_. 398. - p-t -<_n,iiticns for aere:sol coefficients

" =,base / class / rad. frac. / r.ass, source rate / _f / sec.

..... ,_,_.-"_-:,_9__: 2 aer'_,sc:i source (class ...._.;'

" - _ " _ab =un 1.0 0.0
• ;_ - - - [f

•" ::s"...:--e _ , .( O. " tf for aerosc, i sourc_

-'- -;_ _ -.,.- . ,P.(., ( .{2 Ci O _,i'.l 1.(-1_ i830 0 _.0 1830. ! 0.0

:........... - -';0949 6 -q aercso! s_urce (class 2)

- -_ _- - _& ' Lab _-_ u'-, _ . ,q_ ,-..• (

- " -C % " -rC

-i-e

__ f<._" -&£.r<s'31 s./.uy.<£"

- ', -_ I-'_ " ' %G5,", _ r (-,

K.<]_.. ct4 _ _ I

• " " <f.'aiu.6
. ,- f -

• - " 2._'.7;_ _ i Y. <'C -

f v::. .% _



:-nesOr-. _ 2 7 0.0 0.000757 7 2 :_ aerosol source (class 7)

=nasO(,L 2 43e-6 1.70 + grad, gsd

" 00,' tab fun 1 ! 0 0 0Cfr';F',70( ' _'_' ''_ ' ' - • •
• .: _.... ;' f L _. "7

_,,...... ,_ aso,:rce 1 0) 0 * tf for aerosol source

,f'i,¢ ,vI:i -b,i;.O.O £;.0 193£ 0 0.0 1830.1 !.0 3030.0 1.0 3030.1 0.0

r:-,as'3£.L ! 2 ::" <_,.0 <:.000757 8 2 _ aerosol source (class 7)

:-nasOGV I . 82e-6 2.56 * grad, gsd

cf)080< 'cf008 ' tab-fun 1 I.0 O. 0

" _ 5 08 (. 3 038

--=Tr081< 1.0 O.O _ime

--_-',- ' _ 0 0 × tf for aerosol source_-;:;_c)_ aso'_rce _ : .<' •

"-";"_ 3£,"(<:_"' _'._' 3::-'_' 0 r: 0 3030 I 1 0 4812 0 1 0 4812 1 0 0

-'i.i,:., :-n .-,ass _ ;rc ''_ ks ' ! 0 0 0

.::l.]_2l : _ .< £.0 rnl -a-_g=-7-/.L;]l

,- _ • _ f-, I J__O,J su= .-..ass7 add 2 1.0 0.0

,.- r, r,,, 0 cf"a Iu 7

" f :__1i L '- _ . :l O. "-i,' Cf Ve.i U 8

":#L,I -'r._ 'in: -_ass'/' ir-te_ 2 i.v"-' (__,0

,:'_-l; I. : . _ . [. 0.:-' cf'-al_.:. O11

_-,- 3<,:1 ' rn leak " ' _dd ' I . 0 O. 0

............. C. 0 t - _v c i t - 2- '-"'-'
- •.... r:,l- :::vm:_:--- i. ]'_-2

; ..,_,-_12 , ,',1 (.% ,."r',i-_'"_.__ _<'-9---_ .<,aO

-_--_'_" i .£ ( " rnL-c"cLt--"-! %03

, . .= --. __z::: 2 _ _-_ 2 : .0 0.0

.,. ' .[ rnl-.t--_--2 -L.C

-_-i.-11 , " , - :-.... ,_-_",_=-2-L.O0:

: :,L-L i : , . " rr-." " __.-..<C-2- " . OOl

-



!

cf99900 'rn mliq' add 2 1.0 0.0

cf99910 1.0 0.0 cfvalu.991

cf99911 1.0 0.0 cfvalu.992

%

cf89000 'saturation ratio' divide 2 1.0 0.0

cf89002 3 0.0 i .0

cf89010 1.0 l.Oe-30 cvh-psat(tvap) .001

cf89011 i .0 i .Oe-30 cvh-ppart. J.O01
%

cf89100 'total aerosol' add 7 1.0 0.0

cf89110 i 0 0.0 rnl-amgt-l-I 001

cf89111 I 0 0 0 rnl-amgt-2-1 001

cf891!2 i 0 0.0 rnl-amgt-3-1 001

cf89113 I 0 0.0 rnl-amgt-4-1 001

cf89114 I 0 0.0 rnl-amgt-5-1 001

cf89115 i 0 0.0 rnl-amgt-6-1 001

cf89116 I 0 0.0 rnl-amgt-7-1 001

cf89200 'water fraction' divide 2 1.0 0.0

c f 89202 3 0.0 I .0

cf89210 1.0 1.0e-30 cfvaZu.891

cf89211 I .0 1.0e-30 rnl-amgt-5-1.001

cf89300 'check' divide 2 1.0 0.0

cf89302 3 0.0 1.0

cf89310 i .0 I .Oe-30 rnl-amgt-5- 1.001
cf8931! 1.0 l.Oe-30 cvh-mass.2.001

" ;_..-.sO00 I . 85 2.25 1.37 I .0 0.001 0.05 1.0 1.0e-5

rndsO00 i lhs ceiling
rI_dsO01 2 lhs rail

:-_,dsOC2 3 ihs f!oor

rndsO03 4 ihs ceiling
rndsO04 5 lhs ,,'/all

z'r_JsO05 6 !hs floor

rndsO06 1 rbs inactive

rndsO07 2 rhs inactive

: ;,isO08 3 rhs inactive

rndsO09 4 rhs inactive
@

• rndsO !,'-_ ._ rhs inactive

I()6



*rndsOll 6 rhs inactive

rnccO00 2 1 2 2 2 2 1

j.

• rnsetO00 2 2 0.0 1.0

rnsetO01 3 3 0.0 1.0

dchdecpow tf-O09
dchclsnorm ":es

dchdefclsO 1 2 3 4 5 6 7

#

tfO0900 deca': 2 1.0 0.0

tfO0910 0.0 0.0 lO0.e5 0.0

_,_.*_, material properties

steel

mpmatO0100 steel

mpmatO0101 rho II

mpmatO0102 cps !2

mpmatO0103 thc 13

tfOll00 rho-steel 1 1.0 0.0

tfOlll! 0.0 7850.0

rf01200 cps-steel 1 1.0 0.0
tf01211 0.0 500.0

_f61300 thc-s_eei 1 !.0 0.0

trOIS11 0.0 47.0

r.r:.ma.L<>7)2<%']:c <.L:re _<.

:nm.-..a<.4;02()1 rho 2 1

: D: _ t <]'-},O_")C> C D S "_'-:

mpma<.O£;2C)3 %he 22

<f>Li_)'O rh_,-: .._,.':-,re<-, 1 i.0 0.0

*_f 02 ! 1 I O. 0 23 2£,_.

liJ7



_fiziki _ []]__ _ _:,_,_ ,:,_lcret, e I ! .0 0.(.)
_.f _;t.,: 1 '. _ 650.0

,_ (_...4;,'ci rh(.:--concrete 1 1 .0 0.0

_.I(_23] I 0.(' 1 6

t'
f.1 berglass

", .:: _.' __=3(. , f __b e rg_asse,

n_,n._--_.':__,,30i cps 3i
n:;-m._ L003()'2 cho 32

-.-pna _0i,3(_3 rho 33

'I i-.l':, ::_--_ I t 0 0 0

:1, '11_. < /, 7 r:'-,,L4.0

, • ;"*,., , O. (i)467

i..-,.;]' (' I()

r -7":,: ':_C,.()

...... t.,rn on radffaticr,. .... : ...... '' "

., , l-lb.'. . 9 Lrra ....gas-a 4. l,q

' ' !:i" ':::' gu ::: ;:. -: . .

. :i_ gra)-gas-a -:. !£,

. ,.,,_ .' .9 gra)'-gas--a -,.15

• "" ' cra .... F.a:: a. .; i• . _ '_

i _'--



:- :- " ;T.<,_, , : ,x" -z;'r_osti,:s

....... me i -.-}r .<-'t_u%

; t _ _:" " t_f ile
!

::,_: _" L- g i L
ts te,:t ,::.-..a:.:dim= n dtedit dtplot dtrest

..... _-" " 60 'i). ':;1 3000 60 3000

. "-,, . 60 0 .(_1 1830 60 1830

t i ::.e !', :%: " . : 6(.) 0 .(,1 1200 60 1200

"_t ::.,:-., :--,<:- : .. 60 0.01 1782 60 1782

- - -. :- -: - ' " £-,0 O. Oi 6000 60 6000

- : ",;: " 150 0.01 9600 150 9600

: - - -' _-' -" - _-: 0 _, r, _ 61200 600 61 _n -

- - - .- - ] .: :. ,.._-%. 0. C.l 20000 600 10800

- , :-.-; -.: -,- _

,:ttu_ef"c " - [ .

::: - , ,,_, .......



lP
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• ,r ,i i'' r[ -"f_,, \V_ i r.',,

\I:. J. _!_:_'_

! "t( .-%,

F_i_]CC

¢

' ".a'_Ci':(<, (._i'. ,.5. '

i .-2:-.{:?,(}h_I_:,i/,i

.<i)ain

:' A..kia:_-:<.',,),;_

'<,r:,,t_ii.._.i(-_)',_>!I" ]. >tr,. ,' . _i_ ..iF<)_)( '() r , I' _ '.i _t, ' i (',.";

;:_,Icr +, i)::I't(",,I<_:,

; " I_',c_,,._,i_pra _\'arr_,e)
i;.Iv

_",NEA
, i}_t;] (_,asaccia

,-,>_.)_)(;_)_ :_l;,.:ia,; (.;_:i,.riz:. } ,.)n_,.
• , ,.

• _!F,:._ ._ri¢.)}{',

_!:,l '(; ( )I_!_iT_.':

, _ - o )\

0



!)r. Xl. Ilavn._

l)epl..l)irect(_r \V:-_ter !h'a(t()rs t'r(_g,r,t_

llarwell Atorili(" l,;nergy l_e_eatcill';sl al)lisl:r_letlt
I)i(tc,,t ()x(',t_

Q

()X li ()R:\ I,'tliled KiIt_,;(t()t_l

l)r. K. Kollattl q

(,esellschaft fur t_('aktor._i('t_(,r_l_'it

_c}l,,vt,ri, lierg',lss(, 1
1)-5(100 K("l[l 1

GerItlanv

Mr. K. I';lisson

A S t!;A- AT 0 _N1

t_,ox 5"_

S-72104 Vast(,ras

Sweden

l)r. I). S(t_la.r(,r
R&I) Center

\Vest inghotlse l';lectric
1310 Betll_t}l l{()ad

t'it.t_burgh, }'A 1,-,')"-,_,,.

l)r. Y. C. Y(,}_

1)epr. (,t Nll(tear l_.g_ii,_i(,TL

.-\tolIli( l';II_'r'_.:y('(,_:I)(il
(;7 ]_an(' l.l,l

K.(,el,lr_ R,)a,!, .":('(li,)I_ I

l,_,'I,_},ii( _,I'_i, !,,

l)r. t:. l{ah_

t;l(,('_ri( l'(,_:,,r I_,,,,_r,} 1_: ,i! :,('

1'. (). t_,()x 10112

t',t(, ..\it(,. ('..\ !1t:;():;

Xlr. A. \'(,rk(,oii('_
K 1:;.\I A

t'. O. [_)x ()():15

, ILL'.



__-7_,,_i_ _ _= "

_ I _



_ • <.:+ _ ,_,'+ ,_!_ i._++i_ +

_+ i+-+}+ii i+i_

i,_ . _ + ++5 i _,

. • ,++



A:::_:I.K..\I_:,::,.

J [ [,::::

.!:isr,-.,[):)rad,,.II

2.::,040..XIa,:! tld

.<pal:.

['.(J.[;:,:,.:,::lZ

.\-::.:!i.[-...,:

" ' _ i "_ "-_



d

_ \ i ¸_

qlF_



_. _,_ ' \_ _i_ .... _S , _-_ _ i _.

_-i_ _i_ i_,_ _...._

i_i \,_ _,_,_ !_. i_-_ ' t_._.
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()ak tlidz_,. 'I'.N ;;Tb;ll-_()S7
..'_ttil: :4. 1_. (ira.eli,.. _IS-_(),",7

_I T. 1,. tt_a_h_ :I',. XlS-_Oh7j,

(:. 1_,. tlvn_an..k1S-_O57

t'1. \V. t'att,,I,..X.IS-s{I.:,7

1). I_. Sinlp_on..k15-',11.-,7
[{. t'. Tale\iirkIiall..k15--_,(I,_7

.\1. I,. Tobias, .\15->0>>

t'_'ter I'. t_ieiliarz

";;i)_t, I)i_,tz I"i_riIl t'_(_i_,t .N\\
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