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- I. INTRODUCTION _ ‘ ' C e
In evaluating the acceptability of pronosed oltee fow nuc]ear Dower
reactors, and the design bases for engineered safety
features the DRL staff considers the potential radiological consequences
of 1oss~of~coolant accidents. These evaluations are based on the
- suggested calculational medel presented in TID-2U484I reparding the:
fracsi ion of the f15$1on products contained. in the reactor core which is
assumed to be released into the contairment atmosphere .and aveilakle for
‘leakage to the environment. In TID-1484Y4 it is stated that
"In ‘accidents of the 'maximum credibie! tvpe, At is,
usually assumed that the radiocactive materials . . .
wou7d be dispersed in the coolant through melting or
rupture of fusl elements and then find passage to the
outer contaimment barrier through breaches in the-
coolant system . . . . At the same time; a certain
amount. of airborne fission produects would be removed:
by such phercrmena as absorption, depositlieon, plate- e
~out and steam condenszilon within the reactor bullding
or contalnment structure."
Specifically, for the model s sugpested in TID-1484L 1t is assumed that
{1) 100% of the noble gases, 50% of the halogens, and 1% of the selﬁds in
the covre fissicon product invertory are released inte the contairment, and

{2) 5% ofﬂtbe iodines that are released into the coatainment sre adsorbed

onto Lﬂ~€fﬁ71 surfaces of the reactor bUiLLxﬂ” or adners to internal con-

——

vonents, and are thus not available for leakage from the containment.

iy o

lrn the conteliment is eauigped with a chemi al additive
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o) “‘v“teq the auudﬂ+ of the Ha]oue fis] Lhut

viould be removad from the ccn,dinreno atmosphers ev the spray, based cn the
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'-speeific physical charéctef; ics of tne'propoeeo syqtem and contalnmhnt
The assumpticn suggested in 1 D—1N84H that 50% of the iodines released
from ﬁhe core are rot available for leaiage because of»adsorptlon and
acherence to surfaces (relevred to herein as the ;plaﬁeout factor") is
an arbitrary assumptlon and not based on a detalled“ analysis of each
plant, vhereas the staff calculater the magnitude of the spray femoval
factor épecifically for each plant. L

o In svﬁseouent sections of this paber we diSCUSS?l the gen>ra’
properties of jodire removal mechanlsnu the specific model usea by the
'staff”iﬁ'calculating the spray removal factor for'iodines, he technlcal
validity of the.assumed platecﬁt factor of twe,.andtthe technical basis
for COHulﬂMCu uce of the aosuned plateout factor of two in plaan wnich
 a1so utillz chom$cal addltive sprays as engineered safety f‘e cu*es for
TEroV al of 1od5ne from the contalnment atmoqphere.

~We conclude that the use of a plqteout ‘actor of two for jodlne is
. eonservative even for plants using chemical additive spray removal systems,
~and that,the rethod used by the»staff~to~calculate the spray removal
factor is suffieiently'conservative»that fhe perfofmancejof aétual systems

will exceed that calcuiated.

II. IODINE REMOVAL ' (GENERALIZED MODEL)

The rete of oebletlon of the alrbOPne icdine concenLration hy one or

a2

. more 1oaine removal processes such as prays fljters, or pieteowt) is direct]y

: prDD;ItJOWa¢ 0 the re jdu~1 a¢v601ne (;as phase) iodine ,concenuratlon, thus
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"“;where ) g = gas phaée iodine concentration at time t -
ot - time . I
| N = iodine removal cbhstant (pfoportionality constant)

The fraction of iodine remaining airborne at any time is cbtalned by

integration of éqﬁation (1] over the time of operation. This gives

- aant

cC = Cu € | [2] )
where . ¢ = . alrborne lodine conpentration at tiﬁevt
.‘QQ _ = initial airborne iodine‘conceﬂtratibn o

ant = duration_of operation,bf ibdine remoﬁal-pfoéesS(es)

‘The reciprocal of thé fraction remaining at any time, or the ratio of the
initial to final airborne iodiﬁe‘concentratioﬁs, is'désignated as the

decontamination factor (DF) .
* DF -l I3

For the purpose of calculating doses,.thewtime+averagéd mass' of iodine
available for reléase from the containment bullding with the engineered
saféty systéms ‘operative is used. This is obtained by integration of

eqﬁation [2] over the appropriate time limits.
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M = total mass of iotine available for leakage
vhere L = contaimment leskage fraction per unlt time. The mass of

iedine which would be available for leakage in the abSernce of a removal
system is
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The dese red: o*lon facLoL (DR¥) for iodine givon by the enqinfered afaty

it

-systems is the_ratio of the mass which would be released in the absence

of a removal system to the mass whlcr would be released with the system

. LV - A X o . X
opavativeﬁ , o : N

p o= N/ R
' Ne / -2t :
. N //\-w e. . .
Thie above equaticns Tor the overall decon.annna+i0ﬁ,factfr al for

the tlin -quPaUed dose PcddCulOﬂ factors are both basea on the conse“vatlve
is,
aSSUﬂ@*lOW4OL a puff release; that/ the mass of ioﬂlne réleased is DTESPﬂt

inJLiQWLy aL lL% maximum concentration and decreased by the time-dependent
The elfTect of L
removal m chanisms. /radiological dec*v is treated separstelyin the dose calculatior
~ The removal half-life for z specific mechanism is defined simply as

that perled of time required to reduce the zirborne iodine concentration to
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one-half its initial value, that ig, the time required for

& Lo | (7]
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The removal Halfalife and the iouinc,removal constant can be related by

//

-

guse of equatlon [2], ad 7

. . .," _/\'{ . . . '
[ = - N iy, .
o & = ¢35 = e = [8]
. ) - § / : .
and tyz.. = G. 43 / A
where ty{_ = removyal ha\‘--\i&e |

III. CHEMICAT, ADDITIVE SPRAY ‘SYSTEMS

The model for iodine 6=p1etlon in tha contaimment considered in
consideration of
TID—lLBMM does not include/chemical addltivc sprays charcoal aloorbers,
- or simllar engineered aafety featufes, MObt current reactors,-however,
| do embloy'iodine'reduction systéms-of'this type and ﬁhe«staffahas developed
conservatlve modeTS fb“ evaluating uhese. ‘ | » -

The equation used to calculate the iodine removal constant for

chcmical cdditive spray systems, developed-by Grllfithsn,‘is

- b V_Q '& T- o ) \\ - »
)‘s = | V. "C\ _ -[9]
Where VD_ = overall iodins deposition velocity iﬁto spray drop
f = flow rate of spray .
t ="h fall height

V = effective contalnment volume

drop diameter

Lo
i

%V, Griffithe: The Removal of Jodine from ihe Atmosphers by UFW2V$
. —U. K. Atemic Energy Estab., AHSB(3) R4S (1953)
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'For the Indian Point 3 reactor, bobh the AEC staff and the applicant have -

- based their calculations of spray effectiveness on the Griffiths model.

The staff calculatés ayspray iodine removal constant of 4.9 hr-l. "The

éppligant calculates a value of 32 hr—l. _The differences in the calcilated
removal constants arise because the staff ﬁses more conservative values for
severalrof the parameters in'the above equation to ailow for poSsible systen
degradation and uncertaincies in tha parameﬁers used.

The fu“lowlng is a brief alscussion of the spe01f1ﬂ numerlcal differences
betweeﬂ the values for each term in the Grlfflfhs eqvatLOU which the
regulaﬁory staff believes appropriate for the Indian Pqint 3’reactor«énd

those used by the appllcant

a. jDeposition'Velbcity

The dlfferent values used by the applicant and by the staff for this
term are the result of differences in the assumed magnitude of the icdine
partition éaétor between the 1iquid énd gaseous phase§3 With a cohsequent
difference in the uptake velocity into the drop. Thé-ovefali deposition

velocity is given by

1 o 1 . 1 [ i.._w. P

¥p T R L : [19]_.
where o
vy = overall deposition velocity

= pas film deposition velocity

- 'kL = l1igquid £ilm transfer coefficienﬁ.
H = iodirie partition factor |

FOP» vory lar ~velues of tﬂL partltion foC or the secord cerm on the

rignt hand side of the aguatd or ueccmv negligible and the ovérall deposition




':;§elocity is abpréxinmtély-équal to‘thé ;asifihn déposi@ion'vélocity. As the
'_vpt;.imericai value of the partition factor decreases (lower solubility) the
:o'lver'ali.depositibn velocity is decreased and the uptake velocity into the

: drop'beéomes the controiling faétOr (liqﬁid film resistance).

‘ .":The applicant has made the assumption that_therdepositionlvelocitj"'
(tfénsfer velocity of icdine from.fhe.atmospheré into 1'he iiquid) is
.controlled solely by the relatively rapid exchange across the stagnant gas
film surrounding Lhe spray drops. 3£§§;§5§fﬁgﬁggngﬁg 1bd1ne partltwon facfor
. is Very 1arge.- |
‘ »Fo* thevspeéific‘case of a spray solution:using_sodium hyd:okide alone
a8 an additive; the staff has adopted a value for the‘partitién factor of -
3 x 103, caleulated from thé‘theorétical,work of EggletOn*}and.baSéd on a .
total iodine”concéntration'equal to a releaée of 25% of the core iodine
llnvcntory and a sprey solution pil of 8 0 du a teToeraLure of 100°C (212°W)

Uuim the above method the deff ha: Calculated an overall iodine
dépositlon velocity. of i em/sec for the Indian Point 2 case,.compqred

w1th a value of 7 cm/sec used by the applicant.... .

Flow ‘Rate- ‘

The eva]aotnons by bOLh Lhc applleant ano.the staff are based on the
rated flow rate through only.one of the two.subsyutems. (It is aSbumed
tﬁaﬁlthe other subsystem falls, in accordance with the'SLngle failure

criterion.) The applicant has used the full flow rate while the staff

N

- ® AE.J. Bgoleton: A Theoretical nyaminaulﬁn of Todine - Water
- Partition Coefficients. U. K. Atomic Energy
:  Agency, AERE-R-L80T (1967)
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: has aibii:rarily_ recluéed thi's value by 109 tb allow for localrfluid‘
de ity and viscosity variations, for pos'sibleb systemn damage ;-_a‘nd for
pOssible system design énd,/o:r* construction faults.

c. Fall Heleht

The zpplicant has used the minimm distance from the spray ﬁeaders to
the operating dec_k floor as the »ave}’ag‘e‘ free fall height for all spray
Grops.  The staff has reducéd this value bj? 15% to cbznpensate for the
mUer fall height over a portion of‘ the. area caused by 1ntrusion of"
thm pressurl ae“s arﬂ other eaulpment into this volume as wﬂl] as to
“include consideration of t ose dropq which strike either wal]s or
in.t}e»r"ic_)r' sprfaceo
d. Coritaiﬁrﬁent Volum

ABM‘)C\.-\\(,(\ .
'Ine uneertainties,with, this pera.mete”' are primarilv those concerned

- wltn uniformity of di sfrlbut ion and of mlxmg in the pas Dhase. The

<

applicant has used the entlfe free volume of the conc&ment ncg,lectlnp'

these effects. ‘The staff has used a va'Lue for' containment. volume which is 30%
. /ahg numerical '-yal e used by the applicant, '_ - based on: - __-results

'I’eporfte.d for the compar—tmented_ CSE i,nstzi_lla’cj.‘én (30,000 cu. ft.) at

Battelle Northwest, where 2 standard deviation of 247 from the mean con-

centration.was reported for a well-mixed atmosphere’ on the results of

theoretical mode iinb; and on consideration of the effect of

local gas phase | depletion due to “channel effects"




J-e{ T‘1"op Dlameter

There is a large unceruaxnty assoc1ated wlth the select*on of the
épproprlate diameter of the spray drops because:

(1) No mpasurenento of’ drop dlameters and dn oo Size spectra have been

"made for the installed nozzles under simulated post-aceicent
cord;tiﬁnu. - .

(2) Drop collision and coalescene ‘are predicted for nearlv 207 of all
érops on the basis of cloud physics models, yielding beth a larger
effedtive iameter for the reéultant dropswand-a skewéd drOp'size_
distpibu*loh.'_‘ '._ : ' _. :- A. - R | .,-( -

(3) An increase in drop diameters may oceur as a result of steam con-

'densatlon. The ef fect is an adéitional ircrease of thc d¢ ameter

of tha larger drops by from 5 - 10m.

The applicant has used 2 surface mean drop dlameter bf 1000 microns,
basnd on an exrerimonual size 6Qterﬂﬁnacion with water at ambient air
temperature and pressure and with a mjn*mum Dreosprc drop across the >ystém.
of 30 Ibs/sq. inch. The étaff used a surface mean drop diameuer of
1350 miérons as released from the nozzle, based on data from both Oak Kidge

ich that . T S
and Bdtt°11€ Northweat/lndlcafes /this value 1is more appropriate for
' consideration of
the nozzles used, and furtber modified by/the above upcertaintl i drao

coalescence and uteam COﬂdcnuation. Tﬁe COﬁolned unﬂertﬁintleu yleld a .

max1mvm exnentoa suriace Tean dFOD di?ﬁPteP oP 2000 mgcroqg of twice

- the vG]ue s ig ww tbe akn i ant.
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IV. IOPINP REMOVAL 'BY PLATEOUT

} The quantity of fission products available for leakage Trom a reactor
contairninent following a loss-of—coolant‘a901dent is reducea by the action
of removal mecnan;%ms on the fission products which have been re¢eaued
from‘the core."One of these possible removel mechanisms is 1rreversib;é
deposition on inte”nal surfaces ("plateout™). Molecular iodiﬁe passes
from the gasaous phase directly into the solid phagé without agliquid'
transition phase at a relatively 1ow +cmperature and is therefore depOSLted
.readily on a variety of surfaces In the conbairment. The-plateout mechanxsm
1s a maJor inherent removal procesq for iooine in the contalnment - The
- staff has reviewed the exper;mental and tneoreuical informat jon available
on.the mechanism of iodine plateout and has evaluated tbe factors affecting
the nugmlfude of Lhe reduction by platecut” of the lodine released’ from the
fﬁel 13119w1ng a loss=of'-coolant accident (LOCA)

In the caloulational method suggested in TID-14844, iﬁstantangous
plateoﬁt of‘50% of’ fhe halogeﬁs released is assumed, sd that thisbfraction
né%erfbecomes availablé for leakage. The;stéffuhas attemptéd'to>ésseés~v

the validity of this assumption, and the degree of conservatism associated

with it, by use of a time-dependent platecut medel.

i
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retention or washdown, can

_ L.LOWPVGJ , agzaln because of uanemmnﬂe& as to the magnih‘de of' this

of ;

i

1
o

Iodine plateout, or tr'ar\ sport t0 reactor' surfaces m.th subsequent

- . oceur in several reglons of

R

‘the fecilit; . First, iodine removal may occur

in the core region, either by deposition on fuel claddino or core internals -

or by direct 'steam transport to surfaces, In this case the removal may
" bz considered to occur instantaneously, since the fraction of

. : o Although
icdine removed docs not resch the contairment. /there 1is considerable

evidence that some iodire retention would ocecur by these mechanisms
bQ(:aIJ.bP of Lm\,evtam*“n es as to the magnitude of -these ef‘fects, .

‘thé__vst.aff "OHSGIV&‘E’WC‘]J assures for purpcses of t}us dJSCLIS“lOfl that no

p].a‘«.;eou'?:. or den‘os.ition occur's in 't‘n‘e core reg;ion. Next ;L_odine deposition

mnay nccm* auring transpor*t from the eore to the prlrnarv concainmen - Tois

is ve y 1ikely, . sir*cc progy %°S:Lve1y cooler surfaces are e’ncountered,

f‘i’ec"c s

the sx:af‘f:‘ cons er*vatl.vel‘y assumes here that no plateout occura urin ng th is

phasé . Finally, p].a.teou‘t mgy occur on the various sur:f‘a es in the priu"lary

coT ﬁaime‘rd: by a time-dependent mechanism; in dlrect c.ompe tition chh
iodine removal by englneered safety systems. It is only v{chi.s final stage -

platecut which 1s considered here.

&

ﬁl“ne recults of considsrable experimental and theoretical work con-

cbr'm.rw the platecut of iodlre under: LOCA cond: tions have been publish'ed.

f‘tal,e out ocours in the primacy cow?axm"‘nr under condv‘c ons which, in

-

general, zve amen ehle tj Lfoc"'flmﬁm mwst%ga’ci o, Beasomh]v - accurabs

Prom These

extimates off its s wagritude and time dependence &re Uo.ssible,




.:..data, extrépolation ofﬂﬁﬁe experihentai reSults'to conditions nof;
;Specifically covered by phese expefiﬁents (fer exampie, to systénsA'“
"jwhere’the effects of plaﬁeout and spray removal ére combined) is possible.
| The pfincipal'experimental work oﬁ icdine plateout and deposition .
.f ﬁnéer‘sﬁnulated reactor aeeident'conditiens céﬁ_be divided into fhree |
type:-ﬁ: | | |
(1) 'Small—scaleilaboratory tests have been performed on a large rimber
of different types of materials ?nd on various surfece.coatipgs at .
the Battelle Memorial-lnstitute and summarized in Reports BWI~1863
" (Fission Product Deoositiéﬁ on Primary Suffecfe‘s)  BMI-1865 (FJ_S%} on
Product Deposition on Containment System Surfaces) and BMI ]874 .
(Development of Reactive Coatings). »
(2) BApplied engineering tests have been conducted in the Containment

Research Installation (CRI) at the Oak Ridge National Laboratcmy

and at-the?Contamination—Decontamination.Experimeﬁé (CDE) facility‘ ’
at idaho Nuclear éorporation. The CRI equipmenﬁ consists of a
fission product release and containment. facility, the 1attewléiéﬁ—
‘ approximaue]y 1000 gal capacity and capable of belng fﬁtted with
b'liners of various materials. Resulbo are repovted in the publlcatlons -
-, of the ORNL Nuclear Safety Program. The CIE facility is des;gned_to
 simulate release frem an unpertufbed melt accident, with‘tfanspcrt‘

and plateout in an 86 ft3’wvesse1 under saturated steam enditions.
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| Ini':cialz results ";%Ietfé :?epbi'*téd in IN-1172 (Fissién Product Béhavior
Under Similated lLoss-of-Coolart Accident Conditions).
(3) : Rel’atively largel—scal@ experiments have ’oeen-perférmed at thé Con-
tatmment Systems Expériment (CSE) facility b the Battelie North--
- west Laboratcry. The results are s&marizpd. in Report BNWI~943
: (P’“icm Product Transport by Nacural Processes ir~ Contaln ment Vessels).
- The CSE system hes ‘a volume -of 'greater than 20,000: ££3. The contain-
ment atmosphere, surfaces and convection patteras of a “reactor
 containient can be sjmulated. | o |
Mos’c expemments vwhich 1nve<:’t:iga‘l:e;{ naturaJ aepositn o f‘vom either
an air atmosphere or a Qaturated obeam-alr atmosphere (aJJ in tne abserice
of gpra;rs) have ylelded values of the initial i odine placeom; half-1ifé
4:’mA the range from 2 to 15 minutes.’ For- a vametj of reiease c-ondit.mns
in \,orrfp'amoo“ tests of‘ .aod_ne sim 11ants at the Battelie Nortnweot Laboratery,

plateout half—.‘;:ives “anglng) f‘z.’om about 2 ‘co 15 mmuteo were obs (“I’V\,J with

the longer tms for extrenely large iodine f-onrjgntra ions, - ‘Ina"» meltcown
. plateout _
emeriments in the CIE an : *m,lal/louine half: -Jj,fe of‘ e'lg"'lt' minutes was
a

repor‘cem E}:trap'ola‘,tion- of these resu]."t-s to a 1arge PL*!R-Wi‘ch/ different
surfaﬂe arpato volwne ratio yields an’cicipa:téé iodine plate out hal,f -], 1‘ es
ang;izw f‘r'om 10 to 20 minutes if only the ea of ’t:he“ouu ~walls is con-
i "ered'avai‘iable for depositionb and mch -shoﬁ':er. ha].f-liv‘es if 2ll the
aval Lb].e surfar mﬁ 1s ineluded (e;g._,gtéeﬁg;enerat«afs’ and m’%x

requipment D-.p ing, compertment walls, and rloor surfac es) .



<

. . The actual -r'ate'of d'epc. ‘m.on'w ooin@on contalnrent surf‘acns depends
‘on a nu*nber- of variablns ipoludlr'f the cont almnent gpometr*y, the nature of
specific containment surfaces, the ccnt'virnnent atn"ospher'e from which
depos:LLion ocecurs, the srecific driving forces: (‘e.g. » temperature and -
cor@,centratlon g;r'a_d’lents, and steam flux), and the gas phase haldg;en _con?-
centration. | o |
‘The overall platedu‘c;' phenomenon can be dividad into two successive .
- processes:: '_(1) tragsport_to surfaces and (2) adscrption on surfaces. -_ s
‘ As‘_sta’ced above‘ the staff analySis conservatively assumed that plateout - - o
onlj occurs in the pr’lnm*y concaimen‘c Here wefurther assumed t‘nat
trapmor’t to surfaces occurs only bv a natura] convectlon process and
' ha;»'r_’e_ neglected the large addi‘c:lonal.tr'ansport driving _force vhich would
be,brovide;d by ‘the flow of steam.to the colder surf‘;lces_-,of the contairment
‘ bulldmg*’ This ﬁfansport oy flowing Etem woﬁld actually ’x;é_expecfed to
account for a major powtion of the iodine transfer to surfaces under actual
vpost—LuCA conmtlons, addirg further conser'vatlsm to the staff moo&l
.The adsorption proce 35 in the primary con‘ca:mment buildlng; has been -
evalua ted as a function of both surface tcnperaturss‘and btype rof' materieal.
J“w 1odm9 oepountlon rate> used for the contairment surfaces are con-

servatively chosen as  representative values for specific materials s

ES

The cal cuktmna" nuac‘i used b’v the qt'm" is u,ioselj analogous to that e

used in BNWI~O43 "Fissicn Product- Transporc by: T\‘atura? Processe in
Con’t:almacnt J'c:Sbels. : ' :




ma.umwn expected air t‘emoeratufes-,’ ' .l éir‘t;‘ome lodine concenfraition's
typical of those expected in the contair‘nent follewing a LOCA 4
For the large conta:mment volumeu typical of modern FWR plants s

we have calculated thaL _yhe plaueout mf:caanisms would reduce the airborne |
~ iodine con;éﬁtfétion £6 half its initial value within 10 to 20 mirnutes.
Thiq valual should be conéidéred as an uppér limit because 'of‘ the various
factors of conser'va‘clsm introduced, and a more r-eallstic evaluatlon model
involvino s’ccam transporft and rapid remova'l would yield a olateout
half-1ife o;f.__‘ two minutes or less. Using the time-dependent plateout -
model described above, the airborne iodine concentx’afion avail_ablé fqr"
.leakag;e averaved ovér the Initial two¥houi‘ 'pe*.?iod following a IOCA :Lé :

1930 than that which 1s obta_ned by applylng ‘che assumpti ton of:f an instah—_ N
Laneous p a’ceout factor of two °uggested in TID-1U4844, Ou"’ caiculation' |
of the time-—aver_aged total reduction in iodine availsble ;for leakage
achieved by plateout alone; using sppropriately conseri/'at’gve paraine.teiﬂs, ‘
lyieldié.z a reduction factor ’-A_rhichv varies ’f‘m‘m about four tc;‘\"_\éix for typical _
large' contairments. *Ihis‘ \falue varies in proobr"cion to éh‘e containﬁ?m*'
vommc The correspoming jodlne de contamn tion factors: (dﬁf morl in
’Sectﬁ on II) due to a plateouu effect of this magnttude rcmge frem 10 to

100, for the initial twe-hour pericd following a release.. The total reau.c’cion

of éirbome iodirié possible by plateout is limitéd to decontamination fac’cors

of about 100 because the available surfaces become saturated with icdine.

¥  Experiinental inve%ticrahom uhm ying L}w p'] "teouf behamﬂr* of Joﬁna
on surfaces under lsboratcry conditions have besn completed at both
Idare Nu;;e?? Ccuqvomt*oq and 8t the ',sau’m 1lle Memorial Trwc ti tu“
\BMI -1865)




V. COMBINED TODINE RLJUVAL PRO ES

-For_cases in whlcb WO Or more fodine removal processes are operating
shﬂultaneously, L uWo Guestlons arlse o (1) Does the
'action of any mecnan¢sm affect the others so as to alter any of the assump—
tlons used-ln-estlmatlng the magnitude of the ;nd1v1dual processes operatlng-
independently 2 = (2) What is the overall combined'effect on iodine
reducticnfcf‘cwo or ‘more femoval mechanisms operating simultanecusly?

The staff has considered the specific case of the interaction of

sprays andﬂnlateout in terms'of overall iodine»removal In terms of the- .

effect of the sprays on.plateout, the sprays may decrea e the: filow o’

steam to surfaces by 1ncrea31ng condensation but would al 30 increase thelem
turoalent (convective) flow and mixing chardoterisflcs withln che con--
tainment. However, in the evaluation -of-the conservatism of the plateout
assumstion (see Section TV) the contribution of steam transport: already
has been neglecccd complc»ely and the treatment of convectlve {low does
ot include the ef“ect of turbulence induced by the sprays Therefore,
the rate of 1od1se transport to surfaces calculated by the tecnnlques
descrlbed in Section TV should always be smaller than the acthal value,

even durinb a period when containment sprays are in operatiun. Iodine'

by plateout :
removal from the gas phase As therefore expected to occu: at d rate equal

- to or greater than the conservatlveey calculated values given in Section IV..

;'s,Adscfption of icdine on SLP?aces is generally enbancna by eddit!on :

of a water\filmp bbrhsurlaces wetted by'chemical aduthJe sprats, the

T
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reductlon of 11qu1d Lf;jlrr; Y-é:;lb‘cmﬂm would f‘uﬂl er lncrease the uptakp and
'cransuor"r veloelty to the surface Of the matemal Therefor-e, deposition
rate f‘Or 'J;odlne on ouvfacés, wet*ted"by spray would be éxpe'cted to be much
lar'g,er t‘nan f‘or he co**‘."wponding éurf‘a,c:e either dry or wetted only by |
s‘ceam cond«omatlon. - - |

~The we:ﬂoval rate of lodine from the gas vhase bJ chenucal aodltiv'e
spray systemi would he erppctod to be 1nd<,pendrm of ‘rhe plat out effect,
'sincza the soray removal process 'ooerateq in the bulk pha e and is only
'_:déﬁendéﬁt ‘on the -airbof*né i_odiﬂne____'qogygntratioﬂ;: -
e : Finally, we will cofﬁidef‘ the cémbﬁinédﬁ effect of sesiez"al" jodine
femoval processe c-perati ng sjmu‘j taneously. Ii"each of these cen b»e' ~
considered indeperdent and the rate only a fun'c'cioz_j of" ’c‘xe gas phase

iodine concerntration, ‘chen

DR S >0 V.

at o b

where >‘i = jodine removﬂ constdnu fcr mechanism i

and the 'bverall iodine r’emoval corstant is equal to the summation of the -
“several constants. This is applicable only fo.a weil—mixed atmosphere , A
sucn as would be expected in the containment following a LO(A

The f’racﬁj.on of lodire .re'mo-ved fyom the gasl_phase 1.bvy each Gifferent
mecham.s-fr‘ is pr'oport *onal o its removal ( te) constant, and the to
lod;l,ne 1"@‘2 ijr‘m fo“ two or more simul Ltane U nr’ocesses is aiways g;r‘eszrsr

1ha’c o@;’r ined by one 7 z-channsv alone. -Thereflore, e* the c- -

c:ons‘uani:s_ for both” pi@tem” “and oray y'cmcrvaj ?Uft of camaranle malm tude,
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»the plateout orocees Qﬁ“”.sﬂ*ually rsmové half or morémof the gas phase
iodine. On tbe other hand when tbe spray ‘removal constant becomes very
much larger than the piatehut depo 1t10n coastant nearly all cf the gas
phase iodine reduOulon is due to the soﬂayo aWOne and very thcle due to
plateout. A comparison of the overall effect of two dlfferent combined
mechanisms'is_most logically basedionﬂthe overall iodine reduction factors
achieved over a specified time peribd!ﬂ Or this basié, the staff-has
compared the effect of | |
1. A timp-dependcnt plateout mechanlsm 1P conjunbtion WELD _3
' sprays, operating.on the total release fraction spec;fied
* in TID-14844 (S_o%i' halogens) with " |
_g{2. An instantaneous plateout factor of two in conjunbt¢on.
w;tn the identical spray system, and operating on the “,‘
same ini*ldl reléase. ;ﬁ“" 
The comparison for tne Indian Point 3 reactor, applylno hé data used by..
the staff specifically fbr this unwu, 1s glven 1n Section A28 (fOiiOWihg)n
When,tke spray removal constant beﬁomes very arge (A,> 15 hrs’ ),
és 1? the moael proposed by the appllcant for the Indian Point 3 reactor,
 the contribution Qf.the plateout effect'to overall iodine rémovai"is very
sma11,> Thereforé; if a very large épray rémoval éonstant vwere to be aésumed,
thén the piateout_shculd be neglected énd thé"total‘iodine”reductidn'
'célculatéd on the besis of 5pray reduction alone operating on the entire |

halogen release frastion.




Ag notec 1n %ec ;ou W, a tinm;dépéndént medel bf plateout ig the

ébsence’of concurrent iodin? removalAby chemical additivé spfay systems'

‘ hao oeen shown to ylelo LWW—hour JndJne rcduction ¢actora gredter than
two on a conservatlve‘b351s.. Combined LodLne removal by bObh Dlateout'

. and sprayéﬁ5peratina siﬁultaneously on a timerdEpendent basis has also
»Séen hown to exceed the iodine reéuction calcu ated by.the simplified
mo&e] of an 1nstanfane Aplateou; factor of two, prdvidedvthat the
spr'y re mova] cor,tﬂnt s of comparable magnitude to that'for plaﬁeout.

"~ This ié the basis for the. staffl calculatiéns on,InﬂiahAPointvz;' On the
other haﬁd? if wvery largo opray removal constants (very short hal” llves)
,afé assu&ed;,as in the applicant's Lalculaflnn, the major portior of the

10 ine removal is due to sprays, and use of the plat éout,factof of two

would not ‘be warranted.

VI, COMPARISON EXAMPLES

In Lhe PoJIOWLng two examﬂles We compare tl overall iodine reducbion

PaXal

for the Indian Point 3 reactor .caleula tei using fha e t staix essumptions,
ine udiﬂw *np platﬁOUL.LdCtOI sugge*“ed bJ TID—Lh8h4, with that calcuWated
by d“p1y*ﬁb tlme—deoeﬂdent platcouu model in both cases;'the spray

removal coristant used 15 thﬁt calculated by the staff model discussed'in

Seétior 11T above. The two-hour lodine reduction: factor calculated by’
_tne TorE reali ' L*memoepﬁnc Nt ple ﬁv@ut mechanism :slightly exceeds . .

thattéal' tiated P\ﬂ the TID-14844 mouoT Tor instantaneous plateout. Therefore,

LI}

uh&' (‘ T‘””b}'&f',l." asoumed model ©

5

£
i

instantanéou"plau ut of ﬁOm cf rhw airborne.
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iod:mo concem,ratlcz ‘ rmamxts : a conséwative m_odél, espébj.aliy
in view og _the very cozimsefx_'vative .'ibsw'r tions -used in deriﬁing the fe:ﬁoval
constant fbr timemdepéndérif p]_atéoutu Both examples asémle' -

an ms’r"ﬂt& 120US puf'i ] ‘e cse and ope ration of the .snray syotem over the
en‘ti:be time "period. |

A. Current Model Used by Staff for Site Evaluation Purposes for

izn Point 3

Assumptions: .-
R bO‘% of core 10&?@ mventory is “elpascd (TTD-'LM8M)
| 2 50% of tne :c'e]eased 1cdine is” removed msuantdncousw ‘by
. plateout {TID~1M8MM). |
3. 25%.of fhe coré‘ icdine invertory is initially available 1n
"iroor*r!e form in the comai1m1er‘c. _ |
Uy, 108 of this ini t_Lal airborne indine concentration is in the
: crganic iodides = ' . :
form of / (nonremovable) (2.5% o‘f core iodine inventory).
‘5. - The chemical 'addit."z.ve' Spfav syatem réduces the inor;génic .
1odine fr’sc’cions (22.5% of core J_odine inventory) with a

emoval’ cono‘fam, }\ 11.9 hr 1./

Resul"cs :

'

e
.

1 The tiﬁ.n,_averaged gas Dhao, (ar’*bom*ej iodine conce ntratlon
. ,‘im‘uomff bo‘ch Inovgerdne cmr‘ >nmmo"\fable io:iine specms 5

for the 1 itia.i two-nour period is 4.8% of the entire core

i'nvé nt(}}_‘?y R S




. ,_,42. On the basis of' a total 1nitial airbome iodine concentration T ,.: .
~of 25% of the' core 1nventory , the two-hour iodine reduetion
ractor is 5.2, - - R

" 'Model’ Usigg Finite ‘Plateout Tire

o . Assumptions:
o ‘1. 50% of core iodine inventory is réleased (TID-14844),
: 2 The sirborne iodine is removed by plateoﬁt with a half-

life of 10 minutes (renoval constant )~ 4,3 hrs ) for ‘
: a duration of 30 mlmxbes., _
‘3. 5% of the initial airborne iodine concentration is in

 tory and same total quantity as in example sbove).
it‘_..fﬂ,' -'Ihe chemlcal additive spray eyeﬁen reduces the lmg
" fraction similtaneously with plateout with a removal
constant A= 4.9 hrs'1 ) R

:-Results :

> 1. The time-averaged gas phase (airborne) 1od1ne concentration,

including both inorganic and nom'emvable iodine species,
for the initial two—hour period is B 5% of the entire core -

-‘; Qzﬁ-f.s.

"*After 30 nﬁmztes, the satm'ation of. available. surfaces is"asswned
to limit mrther p]ateout (see p"’15 above) _

fom of Memvable species (2,5% of core iodine inven= - .-

. 'n




o 2.

j‘tactor is lL..

On the basi° of a Lotal inltlal alrborne iodipe concentration

’of 50% of the core 1nventory, the twouhour 5odine reduction

(Nor Vompamson, this is equivalent to an

1ooine reduutwon factor of 5.5 based on 25% of the core .

‘f?uwmwme ‘;f“'
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