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REACTOR TECHNOLOGY MEMORANDUM

FISSION PRODUCTS - IODINE

FORMATION AND REMOVAL IN

POWER REACTOR FACILITIES

INTRODUCTION

The formation of radiocactive iodine and its release characteristics

under potential accident conditions as well as the engineered capability
for its removal from the contaimment a’mosphere by mechanical and chemical
means are under continuing study by the Regulatory staff. The evaluation
guidelines presented in this memorandum are recommended for use by DRL

in the evaluation of power reactor facilities until such time as changes
are made on the basis of further results from continuing research and
development. These guidelines are generally consistent with past
practice.

EVALUATION GUIDELINES

. Total Available Iodine in Containment

The percentage of iodine available for release from the containment
atmosphere to tne environs should be assumed as 25% of the entire
core inventory at end of core life, in accordance with assumptions
in TID-148kY%,

(2) Organic Iodide in (ontainment Atmosphere

The average percertage of all iodine isotopes present as aethyl
iodide (or higher homologues) within the containment atmosphere

for both the two hour period and thirty day period subsquent

to the design basis loss of coolant accident should be assumed

to be 10% of the iodine available for leakage from the containment
atmosphere of a single barrier system and 8% of iodine available

for leakage from the containment atmosphere of a pressure suppression
system.,

(3) Particulate-Associated Iodine in Contaimment Atmosphere

The average fraction of all iodine isotopes within the primary
containment atmosphere, subseguent to the design basis loss of
coolant accident, that is associated with airborne particulate
matter should be assumed L2 be 5% of the iodine available for
leakage from the containment atmosphere.

(&) Iodine Removal - Single-pass Filter System

Credit given in terms of an iodine reduction factor for an
acceptably designed single-pass filter system for removal of




(5)

(6)

(7)

(8)
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iodine isotopes (other than those associated with particulate
matter and those in the methyl form) from a streanm of air taken
from a secondary containment source and passed through the filter
system should not exceed a factor of ten, s ot that a factor
of up to twenty may be allowed for systems desig.ed to rigid
standards supported by a program for extensive testing and
surveillance.

Iodine Removal - Containment Recirculation Filter System

Credit given in terms of an iodine reduction factor for an
acc~ptably desigred containment recirculation filter system for
removal of iodine isotopes (other than those associated with
particulate matter anl those in the methyl form) from the
containment atmosphere shall be calculated by the method given
in Appendix A, Part IV. Claims exceeding a factor of four
should be referred to RT for evaluation.

Iodine Removal - Contairment Spray System

Credit given in terms of an iodine reduction factor for an
acceptably designed containment Spray system for removal of
icdine isotopes (other than those associated with particulate
matter and those in the methyl form) from the containment
&tmosphere shall be calculated by the method given in Appendix
A, Part V. Claims exceeding a factor of four should be referred
to RT for evaluation,

Iodine Removal - Combination of Containment Spray and Siwu Filter

Credit given in terms of an iodine reduction factor for a
combination of acceptably designed containment spray and single-pass
filter systems for removal of iodine isotopes (other than those
associated vith particulate matter and those in the methyl form)
from a stream of air taken from a secondary contaimment source

and passed through the filter system should not exceed a factor of
tventy.

odine Removal - Combination of Contaimment Recirculation ter

Credit given in terms of an iodine reduction factor for a
combination of an acceptably designed containment recirculation
filter system and cOntainment spray system for removal of i{odine
isotopes from the containment awmosphere should not exceed a factor
of six. All such systems should be referred to BT for evaluation,
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III. APPENDIX

Appendix A provides a discussion of the bases for the evaluation
guidelines established in this memorandum.
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BAGES FOR FVALPATION AUTINELINES

CANIC I0NINE FPRACTION Y OONTAISURMT AT WiNrern

TURAPETICAL ANALYRIS

A theoretical stucdy performed bv the "ivision of “cactor licensine of
the various orranic indide formation mechanisms [1=5] (in terms of »~er-
centape of {odine availahle for leakare from the containment huildine
and hased on TlU=14R44 release and »lateout assumntions [4]) {ndicates
that less than 0,5% would he derived from the fuel, a maximm of about
5% could he formed in the nressure vessel hv nas nhase reaction, and an
additional 1-5% formed hv a time dependent surface reaction {n the
containment buildinn, ‘herefore, on the hasis of these calculations,
the maximum percentane of methvl {odide which could he nroduced under
optimum conditions wnuld not he exnected tn exceed 1N% of the tntal
iodine in the containment buildine, Netails of calculations will he
aublished senarately,

The contributine formation mechanisms and anplicahle values are!

1. Formation in Tuel and "eleasc at ''eltdem,
The calculation {s Hased on the ioint nrobahility of comhination of
the volume fractions of the core inventory fission nroduct {odine
and 300 nnm carbon, This vields N,12% of the core {nventorv {odine
or, assunine a subsequent four fold denlegion of the inorcanic
fraction, about N,5% nf the iodine ultirmately availahle for leakare
from the containment,

2, fas Phase Reaction Near Core,
The calculation is Hased on y-induced formation of methane from an
assumed two percent carbon dioxide, radiolytic and thermal formation
of methy] radicals and a non-equilibrium quasi-kinetic treatment of
reactions with available molecules to nroduce hoth methv]l {odide and
methane accordine to mublished rate constants, An estimated 27 of
the released {odine mav he converted te methv] {ndide by this mech=-
anism or, assuming a subscnuent tuo feld denletion gf the inorsanic
fraction, about 42 of the {odine vl:imatelv availahle for leakare
from the contalnment,

3. as Thase "eaction in Centainment,
These calculations are hased on the si=ultaneous enuilihriun therma!
formation of methv) {odide in a steam=air atmosnhere and on the



equilibriun radiation formation for an ahsorhed dose of 1n° rads
for {odine in the ~as nhasce in the containment, 'oth mechanismse
would nrobahly convert less than 1.5% of the {ndine in the con=
tainment to the orranie form, “anid de~letion of the airhorne
fodine nprobably makes these mechanisms {mortant only for about
a three hour perfod,

4, Surface Tormation,
A mechanism involving deposition of molecular lodine on surfaces,
conversion to the orpanic form, and subsequent ranid desorntion
has been postulated, A deposition rate constant of 1 « IN"' em/sec
‘ has been used, representinn an anproximate unner limit for cormon
reactor construction materials, A slow removal constant of 1 hr=!
was assumed/or the depletion of the airvorne fodine by all other
mechanisns, The averape rate of methv] {odide formation was cal-
culated for bare stainless steel {n a steam=air atmosnhere and a
naximm {odine surface concentration, usine a rate constant of
1.5 x 10’3JUQ/n2-n1n. The auantity of arranic {odide formed hv
this mechanism {s cunulative, risine to a maximum of 1,5% of the
containment {ndide concentration within three hours after release
and dropping pradually to about N,1% after 1?2 hours, In the fol-
lowine days the cumulative effect would continue, Tt {s estimated
that the maximun quantity mipht rise to as much as 1% from all
sources during the 30 day post accident nerind

A sumary of the cumulative nercentape of methyl {odide as a
! function of total {odine concentration in the containment buildine
and hased on the ahove theoretical model is piven (n Tahle 1,

B, EXPERIMENTAL RESULTS

Laboratory experiments on release from irradiated I'n s Or with simulants,
have produced orpanic {odide fractions ranpinn from {us than 17 to approx-
imately 42 under conditions representative of those which prevail following

a loss-of-conlant accident, Iligher values have heen obtained under unusual
conditions not considered typical of nost-aceident conditions, These include:
1, Wieh 1) and low 1) concentration

2, Unrealistically hirh methane concentration

3. Very high air terneratures (above 1M9° )

4, €Ny pas cooled reactor atnospheres,




Hourly Formation of Organic lodide as Fraction of Total Todine i{n Containment

Formation Mechanism _
3 ,_h.ﬂ.!____ﬁ T 1Totai 2

Time (hrs) Fuel Reactor Contatnment Sur.ace* CH 4!

0 | 0.5 | “ o 4,50

1 " 0,2 R

2 0‘.2 0.3 5.2

3 0,1 0,5 5.8

4 0.5 6, 30

S 0. 6,70

6 0,3 7.00

7 0,3 7.30

8 0.3 7,60

9 0.3 7.90

10 0,2 8.10

11 0,2 8.30

12 0,1 8,40

12 - 720 0,1 = 0,0 J10,00 max_

*All values are piven for typical PR,

0,7 of the above values for typical BUR,

Reduce surface foruation values to




TABLE 2

SELECTED REFERENCES ON ORGANIC IOCTDE FORMATION

Percent
Reference Experimental Conditions Orzanic Iodide
ORNL-3776 CMF: simulant, I-131 ‘recer + I-127 (2mg/m)
Semiannual Report 1. Alr 30 psia hr 0.6%
December 1964 2. 50% steam-air 40 psia & hr 1.0%
3. 50% steam-air 42 psia 18 hr 2.4
L. 50% steam-air 40 psia 5 hr organic contemination 3.2%
5. S0% steam-air &b psia 5 hr 0.25% CH), added 5.0%
6. S0% steam-air b4 psia 18 hr 0.25% CHy, added ~3.08
7. 50% steam-air Uk psia 9 hr 0.25% CH, added 0L
ORNL-3043 CMF :
Semiannual Report 1. UOp 7000 Mwd/T melted in air SS clad
June 1965 S04 steam-ailr 40 peia 3.5 hr . 0.6%
2. simulant 7.2 mgl,/100g melted in air 5SS clad
50% steam-air in tank psia 5.5 hr 2.64
3. simulant - mixture wmelted in air 2Zr clad
50% steam-alr in tank 27 psia S hr 1.48
k. simulant - mixture melted in steam-Be 2Zr clad
S0% steam- in tank 27 psia S hr 1.6
TREAT:
Zr clad U0, melting by transient 1000 psia steam 2.9%
ORNL-3915 CMF :
Semiannual Report 7000 Mwd/T melted in steam-air SS clad
December 1965 steam-alr 29 psia 3 hr 1.2¢
Flow Exp:

I, 1mg/a’ 2atm 100° C RH=90% 1.7%



Annual Report
December 1966

ORNL-4226
Aomual Report
December 1967

BNL-11329
April 1967

AEC-CONF-650607
Int. Symp. on Flss.
Prod. Release and
Transpor*. under
Accident Conditions
April 1965

ORNL-T™- 1864
Nucl. Safety Report
March-April 1967

ST

gu-hnm Conditions

CNF :

U0, 1000 Mwd/T melted in stesm-air 2Zr clad
0% stesm-ailr 29 psia 3 hr

TPEAT :

undervater melting of Zr clad UGy by transient

CRI:

I, rele under ambient conditions 30 peig

1200 ft” SS tank 22 hr

ORR:
uo; melted airflow for 20 min
hr aging at 35° C
at 103° ¢
NSPP:
800 me 1-531 + 400 mg I-127
1300 rt° 70 hr continous agitation
CRI:

I-130 SS liner 22 hr
HI-130 88 liner 22 hr

UO, into steam 1000°-1300° C
U05 into steam + hydrogen 1000°-1300° C

Zr clad U0, (0.5-100 Mwd/T) heated o can melting,

some fuel melting, released to steam-air ata

In-pile, Zr clad UO, (meit)

Percent

Organic Iodide

1.2¢
0.005%

0.7%

initial figal

3-56-4.19%



TABLE 2 (continued)

Reference Experimental Conditions
ORNL-T™- 1986 In-pile, Zr clad (melt)
Mucl. Safety Report NSHP: rum 19; Ip » air (stirred)

July-August 1967

BNWL-581 ADF: U0, (0.35 Mwd/T) and simulants heated to melting,
March 1%6 team or steam-air sweep gas
TRG Report 956 (W) U0, (150 mwd/T), 3-47¢ release
UKAEA C0p/CO « 1000 ”-xg‘
May 1965 €O,/ CO
002/00 sat H,0

hey to Experimental Pacilities

o” (Containuent MocBup Facility): 180 1 5SS vessel,
up to 45 psis steam-air atwosphere

NSPP (Muclear Safety Piliot Piant): 1350 ftJ SS vessel
designed to model fissioa proauct transport

CFI (Containment Research Installation): 30 gal primary
simulator tank, 1000 gal contaimment vessel

ADF (Aerosol Deve t Pacility): 1.5 m) coated steel
vessel and 0.9 55 vessel

*The data reported out of this facility have been adjusted (here)
by a factor of two (2) to conform with the TID-1484k assum] tion

regarding plateout.

0.1-2¢%
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Ten percent, therefore, represents & conaervative upper limit for the
organic fraction of the {fodine airborne { the conteinment under con-
ditions considered typical for a loss-of«-coolant accident in a vater
reactor and includes a margin of conservatism to account fur the maximum
formation rates by several different mechanisms, Table ? sumarizes the
pertinent references,

- ONTALN SP

An estimate has been made of the maximum weight of particulate-associated
fodine which can remain airborne (7-10), The conditions for homogeneous
nucleation of {odine particles from the vapor phase have been shown to be
unfavorable in the plenum (11) because critical saturation limits are not
exceeded, Therefore, it {s assumed that all particulate-associated lodine
{s adsorbed on surfaces of other materials as a monomolecular film with

an gccommodation coefficient of unity,. An average particle radius of 0,2 u
is assumed, because this represents the approximate size (f minimum settling
velocity, A theoretical maximum of 51 of the fodine available for leakage
from the containment could be adsorbed on particulate surfaces, This {s in
good agreement with several experimental results,

A. THEORY

Assumptions:

3

1, Total of 107 particles/em” aerosol with fosan ® 0.2 au

2, Each {odine molecule occupies 50A 3 surfsce
3, Only {fodine is adsorbed on surfaces
Calculations:
1. Surface/particle N . .
S e 4rrp? = 12,57 g’ ® 12,57 (2 x 107 )2
« 5 x 10°9 o
2. Total surface available/em’
Sy = S(particles a’)

.5 x 109 . ‘o" en”3
e« 5 x 10=2 cm?/cn’
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3. Total particle surface in contsfnment
S¢e = Sy * V (V4 x 1010 emd ¢or ypical PWR)
“(5 x 102 em?/em3) (4 x 1010 cmg)
=2 x 109 em2

4, Usximum pr.sible number of ioding molecules adsorbed
N = 2t

LB 16

= 2 x 109 em?/50 x 107'° 2 /molecule

= 4 x 1023 pmolecules

= 0,65 gm, moles I, adsorbed

5. Maxioum possible weight of adsnrbed {odine
W ='(pno, gm, moles)(molecular weight)
+ (0,65) (254 g)
= 165 g fodine

6, Total weight of fodine available in containment
Wr = core {nventory/4
® 3500 g

7. Maximum percent {odine associated with particulates
Percent = 165
3500 x 100 = 5%

SINCIE DASS TILTER SYSTEM

A oingle pass filter system {s located outside the containment building and
is not required to handl~ the bulk of the fissfon product release, It only
filters the out-leakage from the containment building, Therefore, a time
dependent reduction factor is not applicable for this case and only the ef-
flusac clesnup factor {s evaluated,

The overall {odine reduction factor (IRF) for a single pass filter system is
taken as the efficiency for the fraction of removable {odine, reduced by the
sun of the fractimal bypass flow and fraction of non-removable {odine,

A, AVERAGE CASE

For an average system, a 952 removal efficiency fc: {norganic {fodides {is
seswmed, This represents the lower limit reported {n charcoal adsorption
tests at 100Z relative humidity (12), A 3% bypass flow and 107 orpanic
{fodide are assumed, The {odi{ne reduction factor is defined as the ratio
of the mass fission products vented to the envivonment without any cleanup
system versus the mass released vith the specified filter ~ystem,
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IRF = total release
[l={efficlency x fraction throughput + bypass)]| + non-removable

- 1
(1=(0.95 x 0,97 + 0,03)] + 0,10

- 1 1
(1-0,90] + 0,10 = 0,20

-5
B, SUPERIOR CASE

A superior system {s one built and maintained according to rigid specif-
fcations and standards and tested at frequent {ntervals. Tor such a
system, a 98% inorganic {odide removal efficiency and reduced 1,57 hypass
flow may be granted., Then

IRF = i
(1-(0.98 x 0,985 + 0,015)) + 0,10

- 1 1
(1-0,95) + 0,10 = 0,15

- 6,7

INTERNAL RECIRCULATION FILTER SYSTEM

Reduction of airborne fission products by a continuous recycle filter svstem

is considered here in terms of their time rate of addition to the system, The
limiting cages are (1) an {nstantaneous release of the total Auantity at time
zero (puff release) and (2) a constant and continuous release over the entire
time period under consideration (continuous release). The mathematics for

the {ntermediate case of release over a limited portion of the operational per-
{od {s also outlined (13=14), The discussion {s peneral and applicable to all
filter materials, Specific recormendations are yiven in Section F,

& PUFF RELEASE
The rate of change of airborme fission product concentration {s

dec = _ 0B (1)

t v




where

airborne concentration at time ¢

total time of operation

flov rate through filter(s) pes it time
removal efficiency

total containment volume

atmospheric mixing factor

F <mOemn
LI I I I B

A separats equation of this type must be written for each component of
interest, Integration of the above equation gives the fraction of the
irnitial concentration remaining airborne at time ¢t

c_=exp ={[(DEm/V)t]) (2)

€o

where €, = airborne concentration at time zern

For a specific reactor system

2 - n (3)
v

where n = number of alr change cycles per ' 't time

Then
S _=exp <{[(nEm) * t]) (4)
€o

« exp (‘ ('x t))
whe e =y= nEm
= removal constant for component x {n units of reciprocal time

The total mass of a single component available for leakage with an operative
removal system, over any time period starting from t = 0, {s obtained by
integration of the above equation and multiplying by the leakage fractiom.
Then
t .
ML = LeoV ! expl= (s, t)) dt (5)
o

LegV (1 = exp [= («, t)))

where L = containment leakage fraction per unit t.me
V = containme:nt volume
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The mass avallahble for leakage {n the ahsence of a removal svystem {a
t
M e Le Vv o ae (6)

o
e Le Vt
(]

The {odine reduction factor (IRT) for a fi{lter svatem {s the rcciprocnl
of the ratio of these two quantities

" !
IRF = ( L/w'L)'1 B L/WL (7

- ay t

[1 - exp (= (®x t) ! ]

For & number of components derivative from a sinple fission product iaotone,
each component {s weiphted by {ts mdle fraction averape over the entire
containment volume, Specifically, for flssion product {odine the compon-~
ents may be classed as inorranic (elemental and hydroeen ifodide), organic
(methyl {odide and higher homolopues), and that assoctated with particulates,
The overall {odine reduction factor (IRF) for a puff release {s then

IPF = 1
Ty v 3
'TTY [leexp {(=(=t}] + ':Y (leexp ! (=t} | + 1%? [1=exn{ =(= t} ] (R)

where Fq = mole fracfion.of {norpanic {odine
=, = removal constant for {noreanic {cdine
F_ = mole fraction of orpanic {odine
" Bt removal constant for organic {odine
F_ = mole fraction of parti:zulate {odine
« = removal constant for narticulate {odine

CONTINUOUS RELEASFE

Tor a continuous and censtant release of fission products over the entire
period, the rate of decrease in the airborne concentration {s

o

¢c R « NEmec (Q)
'

e
v

t

where R = {nput rate (mass oer unit time)



Solution of this equation over the Iimits t = 0 to t = t gives the {n-
stantaneous airborne concentrat{on at time ¢t

c=R__ (l-exp [~ (NEmt/vV)} (11)
QEn

The ratio of mass of material airborne to total mass added, at time ¢,
is

-cVeV {1 -~ exp [= (PEme/V)]) (11)

.
Mr Rt Ome

« 1 (1=-exp[=(«g)))
«r

The amount of material available for leakage with an operational {nternal
recirculation filter system {s then

t

°

t

- (1= exp [~& t)] dt)
ot

and sin~e ‘Lr - Rt
4

M o*s LR (1= exp [~ t)] dy (13)
o
Integrating
« LR ¢t + LR exp [-(= t)] - LP (14)
Lol o
and the fractional leakage is
.,
Mp “xZ t [egt + exp [=(=,t)] = 1] (15)

The amount of leakage in the complete absence of a safeguard system would
be

t
n'L- / LRt dt (16)
[+]
- LRg?
2
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end the fractional leakage {s

The {odine reduction factor (IRF) for the case of continuous fission

product {mput and simultaneous removal {s then

IRF = H" - Lt /2

(L7« 7t) [« t + exp [= (a )] =1]
ayl t2
= 2[«,t + exp(~ (a,t)] =1]

L%

RELEASE OVER LIMITED TIME PERIOD

(17)

(18)

For the case where the fission product release {s constant and continuous
over the time period t = N to t = t, and operation of the cleanun system
continues beyond that time for a neriod T for cumulative time t = t + T,
the applicable equations are:

1,

2,

3.

the fraction of fission products airborne at any time

M ¢+ T= 1 {1 = exp [=(=_t)]} [(exp [=(e, T) 1)
« t
“r

x
the fractior of fission products leaked

M, ® _%_ (ayt =~ exp [=(« T)] + exp (= (ag(t + T)]1))

— - t

z x
|
and

the {odine reduction factor

IRF ® ax?t (¢ +27)
2 {«_t = exp ([«(=,T)] + exp (-f«t(t + DN

FILTER EFFICIENCY

(19)

(20)

(21)

The in{cial efficiency of the clurcoal filter system for elemental {odine

and for hydrogen {odide can be assumed as 9N%, with a 57 reduction for

each sucressive nass, Therefore
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a i e
-
.D *=ml (090 ‘[090 (P"l) -051} (22)
o)
where T cumulative value for «,
where P = number of passes

For most systems, the average efficiency of the filter system for {n=-
organic halogens during the inftial two hour period {s then about 0,80,
and the mixing factor can be taken as 0.9 for the total containment
volume, Over a longer time period, the average filter efficiency {s
taken as 0,50, and the mixing factor as 0,75 of total volume,

NON=REMOVABLE COMPONENT

For the case of a puff release

t t
My = LGV [¢ £ dt + (1=¢ ) ¢ exp (=« t) dt] (23)
o o

= LCV (et + [l=g |[l=exp (==, t)]}

T x

and, with no removal Jystem

L i (24)
o
then
IRF' w LCoVt
LCV (et + [l=g¢ ] [l-exp (=«,t)]} (25)
ax
where IRF' = modified IRF

€ = fraction unremovable {odine
but, for all cases of interest 1>> exp(==,t)

and IRF' < ¢ (26)
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RECOCIENDED PRNCENURE

The indine reduction factor for the two hour release i{s to be calculated
on the basis of a 1/2 hour {nitial release time of the {odine from the
core and on the calculated number of containment air changes per hour,

A mixing factor of 0,9 for single containment shells and 0,8 for sectioned
compartnent shells i{s recommended,

Credi. for effective removal of {norganic {odine is to be given only for
representative charcoals which have been tested under post-accident cone-
ditions and have shown removal capability of 984X for representative bed
depths at 987 relative humidity, Fractional removal credit for the or=-
ganic fodide fraction may be granted for certain impregnated charcoals
under conditions of low face velocity and {ncident relative humidity of
less than 707%,

In the absence of specific safepuards to prevent the charcoal temperature
from exceeding 250°C (4RO°F), where appreciable fission product desorption
begins, no removal credit i{s to be given for {odine dose reduction hy
internal recirculation filter systems for post-accident times in excess

of two hours, However, the two hour holdup credit {s to he anplied {n

all instances, It is recommended that the maximum permitted dose reduction
factor for systems with cooling adequate to dissipate fi{ss{on product de-
cay heat be based on the charcoal {odine retention capabi{lity under con-
ditions of reduced tlow, This {s dependent on the number of filter units,
reactor power, carbon weight and surface area and the design flow rate,
A1l cases will be evaluated by °T on an {ndi{vidual basis,

CALCULATED VALUES

The followinp data ere for Turkey Point Units 3 and 4, Tlorida Power and
Light Company and are {llustrative of typical PWR current units (15),

N = 37,500 cu, ft./min per unit
3
ve 1,55 2 10 cu, ft,
The number of installed filcer units {s three, A single fallure criterfon
reduces this to two units operational under nost-accident conditions, Then,

the number of containment air changes ner hour 1is

ae2x 3,78 x°10% x 60 « 3
1.55 x 109
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For the f{nitial two hour period an average filter efficiency of N,8"
and a mixine factor of 0,97 are assumed for {norganic fodine, The
fraction of i{norpanic {odine {s taken as N,90, with the remainder
cons{idered unremovable,

le Puff Pelease

I x0,80 x 0,9 x 2

 1/(0,95) (l-exp=4,3)
4,3

= 4.3/(0,95)(N,986)
- 4,3
2, Continuous Release

IRF = (4.3)2
2 (4.3 + exp (=4,3) =1) (0,9n)

- IR.A
2 (4.3 4+ 0,014 - 1)

(0.90)

= 18,4
—_—
3 (0.90)

- 2,6

3, Pelease Time (t) of 1/2 Your and Filter Operatinn Time (t + T) Nver
a Two Hour Period

I°F = £2:32) % 1712 & 242
2 [2,17/2 = exp (=2,17 x 1,5) + exp (=4,3))

(7.90)

- 47 x 1/4
2 (1,08 = 0,05 + n,01)

(0,90)

® 3.6

V. SPRAY SYSTEM

The removal of fodine by sprays {s evaluated by applying the following procnodi=s,
modeled on the work by Griffi{th (16=18). For the general case, transfer nf

fodine into the drop nroceeds across a stagnant gas surface laver follewed by
adsorption into the liquid by either a diffusion mechanism or hv chemical reaction,.

A, PUYSICAL ADSOPPTION (EOUILIRRIUM PARTITION)

Spray systems using only water have a maximum removal capabi{lity determined
only by the equilibrium fodine nartition factor, This partition factor,
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defined as the rati{o of the weirit nf {odine ner mit volume of water to
that in an equal volume of air, {s strongly temnerature dependent and de-
creases from about 10N=200 at 20°C to 10 at 100°C at a pll of 7, The
solubility increases ranidly with {ncreasing oH value, The actual removal
capacity of a water spray i{s therefore dependent on ratio of solution to
air volume, temperature, and pH., O/nly the case for a nuff release {11

be considered here, That for a continuous release is simiiar {f the énuil=-
ibrium time is rapid and the total release is complete durins the time
period under consideration,

At equilibrium

where CL = {odine concentration in liquid phase
Co = iodine concentr.ilon {n gas phase
R = equilibrium partition factor

Assuming all the {odine {s {nitially in the ras phase, the materi{al Salanca
at equili{briun s

Vo (Cag = Cap) = V1.0, - (2)

ik

but CL - Q“.(:t

then
Vo (Cgy = Cae) = ViRCee o

The {odine reduction factor {is

(Ci - Un 4 \yL') (&)
('Ct "(‘,
- ] 4+ Vl
—— o]
Ve
B. GENERALTZEN GAS AB§;°°TInﬂ INCLUNDING CHEMICAL REACTINN,

The narameters required for the calculation of {ndine by fallins droms
are ;



1.

3.

-1‘-

fas "{1m Mass Transfer Coefficient (Ranz and “arshall)

PN, 1/2 1/3
k“- 2 [2 + 0,6 (Re) (Se) )
deT

where D = diffusivity of I; {n air-steam (an2 sec™l)
My = molecular weight of fodine
2

d = diop diameter (cm)
R = gas constant = 82,3 em3 atn deg” !
T = temperature (°K)
"e = Reynolds gumber = pvd
' U

Sc¢ = Schmidt number = ¥ .
pD
n = density of air-steam
v = terminzl velocity of drop
U = viscosity of alr-steam mixture

Gas Phase Neposttion Velocity

VC.RT
M k
I .
E B
For {odine

1 at 20%c

Vo = 94.7.kp em sec”
= 121.k, enm sec™! at 100°c

Liquid Film Mass Transfer Coefficient

K = 282 oy
I T

where Dy = diffusivity of {odine in water
= '.14 x 105 em? sec at 20°C
* 5.15 x 10=5 em? gec at 100°C
Hater-Alr Partition Factor for lodine (pil dependence) (19,20)

Re 2]+ (%22 (12]) (Pal[RY) + vy /2 (1/012] + kp)"1/2

Ky (17)

(5)

(6)

(7

(8)
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“here [T») = {odine concentration {n solution

e 1§ -

X1 = [15]) &
L e

Kk, = (13]

(1,7 aq (17)
Ky = [0F] [17) [H10]

'Iz]aq

K, = M. 1Y) (17)

tlzlaq

Nverall ‘fass Transfer Velocity Into Droep

- ] +

1
v W

Total Surface Area of Nr~ns {n Containment

S ®» 6f1
dv

vhere f

d

v

= flor rate (em’/sec)
h = drop fall hetipht (em)

= dron diameter (em)

= terninal velocity (em/sec)

"emoval Time Constant

o » "ng
\'c

there "n = overall mass transfer velocitv

Ve = containment volume (em3)

Averane "emoval Tactor

5« 11
.- (2 2%) gve

-

« ] «exn [« () ct)]
A gt

25°C

R3

76R

s.4n x 1n~13

1.2 x 1n~11

(")

(1n)

(11)

(12)



DROP STIZE VARIATION

The droo size spectrum can be assumed to approximate a log normal dise
tribution, A complete description includes a mean geometric drop dia-
merar and the standard deviation from this mean geometric drop diameter,
The reduced surface area associated with larger drops must be compen-
sated by an empirical reduction factor of the calculated snray removal
time constant based on the geometric standard deviation,

g geom correction factor
1.0 1,00

1.5 0,50

1.8 0.25

2.0 0,15

RECOMMENDED PARAMETERS

The input parameters recommended for calculating the {odine removal
capability of alkaline aqueous sprays for elemental {odine are tahu-
lated below:

Y = 6.0 cm/sec at 130°C and 55 peig
Ky, ® 3.4 x 1073 em/sec based on 1000 drop diameter

The water-alr {odine partition factor R {s calculated hy the following
procedure,

The total core {odine inventory based on 500 day operation, for a 257
MWen roactoz is approximately 12,000 g, The containment velume {s taken
as 1,5 x 10° fe3, and the 11quid volume as 1/100 of this, Tor this, the
{odina concentration {n solution {s calculated as follows:

25% of I released to containment = 3 x 107 g
Alr Volume = 1,5 x 106 ft3 w 4 x 1010 emd = 4 x 1071
Liquid Volume - 4 x 1051

If the entire amount of {odine {s assumed in solutfon (this {ntroduces
only a negligible error {n the following calcglcttonl). then Ehe anueous
{odine concentration {s approximately 1 x 10" g/L or 5 x 17" moles/t,
This value {s then used to derive the water/air plrzition coefficlent,
For pH = 9,5, temperature = 25°C, and (I2) aq = 107" rmoles/t, the value
of R = 9,5 x 102, “Above pH = 9, the partition coefficient {s very sen-
sitive to both changes in [H*) concentration and temperature, The value

chosen here {s to be considered as representative of average nost-aceident
conditions, with a factor of conservatism {ntroduced bv using the minimum

temperature,
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For solut{ons which remove elemental {odine from the gas=1iquid {nterface
by a rapid and {rreversible chemical reaction the l{quid film res{stance
is effectively zero, In this case, the overall mass transfer velocity
into the drop equals the gas phase deposition velocity, FExnerimental
results indicate that this model {s applicable for several chemical ,com=
pounds, such as sodium thiosulfate, hydrazine, etc, For solutions where
an equilibrium between the elemental fodine and a soluble spacies exists,
the effect of the l1{auld film resistance may become appreciable, Such a
model {s applicable for ilkaline solutions which are pH controlled by the
addition of sodium hydroxide.

In the absence of definitive {nformation on the stabflity of certain
additives under post-accident conditions, {t {s recommended that all
spray systems be analyzed on the basis of an alkaline solution of p'l =
9.0 and with the inclusion of a liquid film coefficient as {ndicated he-
low, The overall {odine deposition (mass trarsfer) velocity {s then

1L =1 +_1
5 Ve ®

- ] - 1
6,0 (9.5 x 1N4) (3,4 x 10%7)

0,16 + 0,31 = 0,47
Vp = 2.1 em/sec

Other input narameters are functions of a specific system and {ncluded
{n the application, Conversion factors renulred are:

From To Factor
gpm em3/sec 6,31 x 10l
ft cm 3,05 x 10!
u cm 1 x 10~
cu, ft, -3 2,83 x 104
ft/min cm/sec 5,08 x 10~1

CALCU'LATED VALUE

The following example i{s for Crystal ®iver 3, a typical current ™' snray
system, (alculations are based on one of two suhsystems operati{nnal,



flow f

= 15N gpm
height h = 90 f¢
diamater 4 = 1000 u
term, vel, v = 400 cm/sec

cont, volume V. = 2 x 106 fe3

9
2
1
4
5

R

a3

0 x 10~! em
0 x 102 em/sec
5 x 1010 3

Using these values and the above D = 2,1 em/sec,

A,-6anh
¢ av

- gszgz.lzgois x _104) (2,7 x 1032
(5.5 x 1019 (1 x 10=1) (4 x 10<)

= 1,47 x 10=3 geec~1

multinlying by 3,6 x 103 gec/hr

dg = 5.3 he-l

For an assumed standard deviation of

diameter the correction factor is 1/2 and

(A.)COrr e 2.6 hl’-l

The varifation of the IRT for the initia

fractions of non-removable {odine, 1s piven by

IRF' = 2

(2¢ =1 «¢/0g)cope)

- .
0,00
.05
10
«15
20

No specific credit has been given for the effect of additives {n sprays
because nefther their compatability with reactor materfals nor their
{odine removal effectiveness has yet been conclusively demonstrated, How=

ever, the greatly increased parti{tion coefficlient due to the hydrolysis of
fodine in alkaline solutions has been applied,

l-g /g

0,36
0,34
0.32
0,30

2¢= 1= dAl
0.46
0,54
0,62
0,70

1.5 from the mean geometric drop

1 two hour period, with di{fferent

IRF'
5.3
N
3.7
3.2
2.9
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The mass transfer coefficient has been calculated with the l{quic¢ phase
resistance included, This {s probably applicable to solutions usinp
sodium hydroxide only, but conservative for solutions which include
endium thiosulphate,

VI, SPPAY & TILTER SYSTEM COMBINATIONS

A,

SPRAY AND EXTEPNAL FILTER SYSTEM

For a spray plus once = through filter system working out of separate en=-
closures, where the charcoal adsorbers are not exposed to high temper.
ature and hiph humidity, these can be considered as successive cleanun
systems and the combined {odine reduction factor {s the product of that
of the separate systems,

SPRAY AND INTEPNAL RECIRCULATION FILTER SYSTEM

Tor a spray plus {nternal recirculating filter system, competing in the
same containment, the combined reduttion factor must be based on the rel=
ative removal rates of the two systems, The spray system can be assumed
to he a more rapid removal device and full credit given for its operation,
The filter system, working simultaneously, removes a smaller fraction of
the entire airborne inventory per pass,.

Cleanun {s taken as a competive rate phenomenon of two zero order reactiens,
Exnonenti{al removal factors equal to those for the senarate systems are
used, with the total factor equal to the product of the exponentials,

The spray removal factor i{s equal to

where Vp = overall mass transfer velocity
Sc = drop surface area per unit containment volume

The filter removal factor is equal to
o = nE (2)

where n = number of alr changes per unit time
L= f{lter eff{ciency

-

However, in order to compencate for differences {n removal rates by the
spray and filter systems, the rate constant for the filter svstem {s
arbitrarily reduced by the ratins of the tws constants,
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The fraction of flssion products renaining at time t {s then

. . =exp ([=(Ag + AF aAP)) ¢)
Co S (3)

=exp [= Og +2 2/ o) ¢

b

The overall {odine reductfen factor for a puff =-elease (s

IRF = ~Agyt
[T =exp - (gp ©)]

where XSF o AS + AZP/AQ

The dose reduction factor for a combined soray-containment recirculation
filter system should be calculated on the basis of the separate constants
for each system, with a suitable reduction for the effcctiveness of the
filter system, A further correction {s required to include the ef’ect

of a non-removable fraction.

o IANINE REDUCTINN FACTORS GRANTED

The Table below 1ists the dose reducti{on factors fer spray - filter systems
required by approved applicants through February 1048,

DOSE _REDUCTION FACTNRS

SITE LOW POPULATINN

BOUNDARY 2Z.0NE PEDUCTINN FACTHT
PROJECT POVER (Mwt) (feet) (Miles) L L SITE LP2
Indfan Pe, 2 2758 1584 0,6 spray-filter 3.0 11,0
Met, Ed, 2568 2000 2,0 spray $.3 4,N
Diablo 3391 2640 6.0 snray 2,9 n
Rochester 1300 1500 12,0 spray-filter 1.3,6,0% n
Point Beach 1 1396 3920 7.0 spray Nk n
Robinson 2095 1400 5.0 spray S Nkky n
Conin, Yankee 1473 1740 9.5 sprav=filter n N

* Factor of 6 required {f buflding wake was not {neluded {n meteorolopical model,

** Reduction factor not Tequired, but stated {n P,S,A.", ("uhliec Safety Analysi{s) that
Lf dose reduction factors were required of 17 for the site houndary and 2N for the
low population zone would be used,

#%* Estimated, Not specifically stated {n Public Safety Analvsts Renort,
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