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the incorporation o, a suppressiun pool in the Mark I, Il ang I
containments with a Boiling water Reactor provides a mecianism that will
be highly effective in absorbing fission products sheuld they be releaced
fom t e reactor vessel following a degraded coie accident. The Mark |,
IT and 111 containments are configured such that for wc-t accident
seqguences fissior p-oducts relcased from the react vessel will enter
the drywell and be trangported to the suppression pool where they will
be absorbed or scrubbed. This report focuses un the scrubbing efficiency
cf the suppression pool for iodines and particulates.

Iodire and particulate retention factors are presented which arcount
for the effects of supprescion puel ccrudbbing curing postulated OwR
accident scenarics. The expected behavior of io2ine is based on:
observaticens during reactor accigents ana destructive tests: normal EWR
operating experience; 3nd small and large sca:e scrubbing tests in water
pools. A brief review of iodine chemistry is presentec to expiain the
chemical behavior of icdine and the expected chenical form of iodine
veleaced from LwR fuel. Jased on the dali prese ted and the expocted
EwR transport conditions, suporession pool scrubbing factors grester
than 10: for clementa: iocine and particulate , ara factors much yreater
than 103 for ¢ sium lodide are currently justifiable fer sudcooled
pools. for saturaied pools, scrubbing factors of at least 30 for ¢levental

iocdine, and 102 for particulates and cesium ‘odige are currently justificble.

Scrubbing factors several orders of magnitude larger may be demon-!rated
after more experirental testing. Use of these attenuation factors fer
the aralysis of postulated BWR accicents will provide conservatively
realistic estimates of t.e consequences of severely degrazed accidents
in performing probabilistic risk assessreats,
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In degraded core accirdent scenarios, the presence of waler in the f15s510n

preduct transport pathways provives an important mitigator to mimimize
the gquantity ot a'rho oe fissron products. 1he General Flect=ic Boiling
wWater Reactor (BWR) uses the pressure suppressicn primary centainment
system to provide a water barrier to fission product migration. Thus,
significant retention in the poel of radiorodines and other fission
products, except noble gases, 1s expected and must be accounted for in

any realistic risk assessment.

In the BWR primary concainment configuration, fission products releaced
in a degradea core accident would be transported by steam from tr:
reacter vessel to the suppressiun paol. Tne routing would de via the
drywel’ and the horizontal vents from the drywell to the suppression
pool in the case of a large break accident. OQuring a transie~t, the
fission product transport with steam from the reactor vessel would Le
directly to the suppression pool via the safety/relief valve discharge
lines and quenchers in the poel. During & combination of a transienr’

and a small beoak accigent, transport woult be via both pathways.

The historical licensing basis, as exemplific4 by Regulatory Guide 1.1
for a loss ¢f coolant accident, has never recognized fission product
retention in the suppr2ssion pool The Guile specifies that in a design
basis accident, 1t shall be assemea that 2%% of the radioiodines in the
core are 1nstantancously transported te the primary contatnment air

space.  This quantity s specified as deino 918 :lemental icdine, 5%
particulates, and 4% methy! r0aide. Current informaticn indicates that
tedine reieased frem overneated tuel 15 1n the form of iacreoanic iodides,
and that the assumptions in Regulatory Guide 1.3 of the quantity of

elemental 10dine and metnyl icdide are far in excess of any likely

expectation. txperimental test gata indicate that chemical forms similar

to the 1norganic iodides anc particulates that would be evxpected to bhe
released from gegradea cores would be retained in pools of water like
the suppression peal and would not escape i1nto the primary containment

air space

1-1
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A review of reactor accidents ana cxperimental te-ts indicates that the
preserce cf water plays an impcrtant role *a bimiting the quantity of
lodine and particulate fission products avai'adle *or leakage to the
environment. In addition, .atural pracesses, whigh are not dependenrt on
operator action, also limit the trarsport of most Ticsien prody-ts

AurinG the various accioent scerarios MICHh processes 1aCiude dDistecut,
fallout, washout, and retention in leax paths.  The overall decc tamination
facters for postiiatec S#4% scemarios result frow tre comn ed ef‘ecte of
pool scrubbirg and the othar remeval processes. The primary focus of

Lhe present review is on cuppression pool scrutbiry

in this study relevant data from the literature on icaire and pirticulate
transport throush ponls of water are preocerted and gocunented. These
daly 2re used as a bas's for estan)ishing indine and particulate poal
scrubbing factors for use in probabilis®ic risk assessments. for the
purpose cf this report, particulates are detined a¢ all fiscion products
other than nolle Gases or haiocens, except that irorganic icdices are
evaluated either as & vapor or as a particulate.

TRYs stugy focuses on the following areas: (1) dominant BwR fission
prodguct transport and remcval mechanisms; (2) ifodine chemistry and
1hcine pehavior 1n water; (3) the expected chemicai form of iodine
released from Lwk fuel, (3) betavior of 1odine as observed durirg actual
reafter acridents énd ewperimental destructive tasts: (5) behavior of
tedine in operating EwRs, (€) iondire and particulate decontamination
factors from exper imental tests related to suppressian pocl scrubting;
and (7) postulated EWR accident scenarios and cxpected decontaminaticn

factors.

This study demonstrates that the prassure suppression ponl in the BwR
containment 1s an important tarrier which significantly linits the
uant'ty of iodine and particu ates available for release to the environ-
Tent during postulated reactor accidents. Properly accounting for this
Jarvier will sharply reduce the oft-site consequences calculated in

prebabi listic rick assescments

1-2
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2.0 SUMMARY OF RESuLT

A Titerature search was conguctes 1o 1gentify ang document the chem'ca)

form ot 1odine in fuel; the tehavior of iodine during reactor accidents,
experimental destructive tests, and normal fwi operation; and the remiya)
of iodine and particles by p20ls of water., The A.a17able data vase was
evaiuated A summary s given below w b a detailled evaluation presented
in subseguent sections of this report.

2.1 Chemical Fore of ludine in LWR Fue)
The chemical form of iodine released from LwR fuel has been reccm-
mended by trree independet imestigatars to be Jey. Quring 8WR
accicent cond'ticns, the conrversion from Csi to IZ is nct expected
because of the predominantly reducing environment in the reactor
vessei and dryweil,

2.2 Behavior cf ladine Lurirg Seactor Accdenrts, biperimental

Destructive "e<ts. and CwR Normai Operatiorn

Obsarvations from thres 1ighnt water reactor (LwR) accidents shows
that icdine released from tne plant was always much less than the
availadble iogine released from the fucl. The release of iodine was
never instantaseous butl occurred over a period of several days.

The presence of water in the plant svstems during the course of *ne
accidents limited the amount of iedine and particulates released.
Significan® amourts of iodine wore released when a wet-reducing
envircnment wis not present.

The predomirant chemical forms of iod'ne in the reactor water

during normal plant aperation are I-. Hi0, and 103-. locine carryover

frem reactor water to steam, as measured by relative concentration
in condensate to trat in reactor water, varies froe 0.2 to 2.5%.
lodine (WD) sCrubbing *actors in the rain turhbine condenser curing
normal plant operation are on the order nf 103. suppressicn pool
sCrubbing factors for WiD have baen measured to be qreater than ten
thousand.
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2 3 Removal of Indine and variicies by Pools of water i
T it oo ot bihe i e 5 L e e t

Dout une hund g techaical papers were resiewed from which elever,
1I0plicable experimonta’ tects were iceitified which investigated

tne effect . of fission proouct retentins ™y pressure susprassye

» -

%

poals.  ihe ma) rity of the tests useo elemental iedine (i,)
[here als) were soue cata on the scrubbing of Lnsl. nl, NIB. and
smali insolud'e particles. There were no reported data on the
transport of (sl through & pool of water, however the betariur of
(sl as a vanor or as a particle may be inferred from test resnits

using simiiar chemical torms. Tac'le 7.3.1 presents a summary .t

PPN LU N FETIRI_p a erere

the exper mental test conditions and measured decontaminatic
fuctors! for each test.

r
£

Evaluation ¢f vata Race

N

Review of the caperimental Jata base inaicates that it can be used
to conservatively bound BwR transport and retenticn conaitions
existing as a ‘unseguence of degraded core accicents. Whiie several
tests were reascrably representative ¢f 'he transport ghencmena
expectea during a postulated accident, the experimentai conditions
(e.g., shallow {01, small particles, volatile X:) led to lower
pool decontamination facters (UfFs) than would be expected in BwR

Coertainment system conditions. Comir.nt B4R fission mroduct transport

R W $ —— 5 — — .
L [ -y < . - ..

mechanisms during accident scenarios wore igentified and the experi-
mental Jatz were assossed for applizability to expected conditinnms,
Minimum pool scrubbing DFs which the current data base can sunpo t,
and tre potentially attainadble CFfs which couvic he supported by

further tesling, are presented for each dominant trancport cegurine.

The application of poo) decontamiration factors in risk assessments

15 presente~ in Section 9.

Footnote ': The de.ontamiraticn fecwor or “scrubbing factor” is defined

as the ratio of fission proguct mass trznsported into the veel to the

rass which s released trom the porol surface,

2-2
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CONCLUSIONS

Supprescicn peal decontamirnation factors appropriate for use in PwR
risk assessments are presentea in Tabie 3.). Based cn the data
presented ond the expected BWR transpoart conJlitions, suppression
pool cecontamination factors of at least 10? for eiemental iodine
and particulotes, and 10* for cesium iodiad: are justif‘able for
subcooied poors. For saturated pools, decontamination factors of
at least 30 for elemental icdine and 10¢ for particulates and
cesium jodide are cirrently justifiable. It is felt that Lhese
minimum values can be incry sed savera' orders of magnitude by
further testing ror coniitions more representative »f the
suporession pool cduring post accident cc~ditiors,

Natural processes such as the aoglc.eratior of solid:, plateout,
depusition, washout, etc., also play an important role in limiting
the quantity of fiszicn pruducts availabie for leakage to the
envirooment. The uver.il attenuation factor applicable to BwR
degraued core accigent sce.arios includes both the effects of pcol
scrub™ing and of such notural remova! precessce: that will occur in
the various volumes o. the 3wWR process system and its multiple

conta. “ment system

31




TABLE 3.1

MINIMUM SUPPORTABLE AND PrTENTIALLY ATTAINABLE
SUFPRESSION POOL GECONTAMINATICN FACTORS FCR
I0DINE AND PARTICULATES

Transport Pathway
and Associaled fvent(s)

Subcooled Eggl(x)

Minimum Supportable

Dts

Saturated p201(2)

Reactor pressure vesse.
to pool via fety relief
valve and quencher
(Transients)

Reactor pressur2 vessel to
pool via vents (Transients
following RPV depressurization,
or LOCA post blcwdown period)

Aercsol Transport to Pool
Via Vents (Lore-Concrete
Vaporization Rel 21se)

10}
10-
102
102
102

10?
10*

Csl, 17, HI
particulates
Iz

Csl, 17, MI
particulates
Iz

particulates
L2

Potentialiy Atta‘ :able

0 1,

W1,

DFs (3)

102 ;articulates {4) 105-10% sl, 1, Hi
103-10% particulates
102-103 ‘2

102 particuletes (4) 104-10% Cel, 17, HI
173-10% particulates
102-1793 IZ

102 particulates (4) 102-10® particul.tes
102-103 1

30 1,

2

(1) During these conditicns, complete condensation is expected when the pool is subcooled.

(2) A subrooled pool is at a temperature below the saturation temperature corresponding to the pressure in the

conta. iment, while in 3 saturated pool steady stale boiling "steaming” is occurring.

(3) Potentially ttainable by further testirg (satus sted-subcooled pools).

{4) includes Csl

02¥52-0Q3N
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In this section, a description of the majir 3WR design features 3s
presented. Fostulated BWR acc.aent scenarios, fission product
transport and removal mechanisms, and expected transport parameters
are presented in orde * to assess the applicability of the pool
scrubbing experiments presented in “ection 7.

BWR Description

General [lectric Boiling Water Rractors use a multiple cortainmen®
system featuring a pressure suppression primary containment of the
Mark I, II, or 11l neometry. A schematic of the current design
GE-BWR, 6 Mark III system is shown in Figure 4.1. The direct cycle
begins with reedwater entering the reactor vest>l. Recirculation
pumps and jet pumps circulate reactor water through the core region
where boiling occurs. A saturated steam/water mixture at about
1050 psia and 550°F passes through a series of steam separators and
dryers. The dried steam flows cut of the reactor vessel via the
main steam lines to the turbine. Steam from the turbine is exhausted
Lo the main condenser. The resulting condensate is pumped threugh
a full flow condens2te treatment and feedwater heater sy _tem where
it is purified and prehcated prior to re-entering the reactor
vessel.

In the Mark 11! design, the reactor pressure vessel is enclosed by
a drywell structure. A pressure suppressicn pool containing abou*
a million gallons of water together with the drvwel, forms an
additional barrier between the reactor vessel and tle primary
containmene air spzce. Both the drywell and the poo!) significantly
ret.in fission products released during postulated accidents. The
primary containment and the secondary containment shield tuilding
fully enclose the drywell, the suLpression pool, and the reactor
system.
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In the BWR ciatainment systen, ricsion products reieased in a
degraded cor. ‘ccident would be transported ULy steam from the
reactor vassel to the suppression pool., 11 the case of a loss-
of-coolant accident, tre routing would be via the drywell and
the horizontal vents from the drywel. to the “uppression pool.
The five-foot thick dr_well wail is penctrated dy submerged
horizontal vents (27.3' in diameter) which have center 1lin2s
located at three "evels below the surface of the pool, witi a
minim'm depth ot seven feet, There are 4y Circular vants on
each of the three levels,

During a transient or small break event, fission product transport
with steam from the reactor vessel woulc be directly to the sup-
pression poo' via come of the 18 to 20 safetv/relief valve discharge
lines, The steam is released intyo the suppression pool via quenchers
as illustrated in Figures 4.1, 8.2, 4.3, and 4.4, Efach quencher
ensures rapid condensationr of steam in a subcooled suppression pool
by discharging the steam through more than a thoutand small holes
wnich are approx‘mately 1 cm in diameter,

Fission Product Transport Mechanisms During Degraded Core Accidents

Degraded core accident scenarios address events where the reactor
core may be damaged significantly relessirg substantia, quantities
of fission products from the core., Degraded cor: accidents are
extremely improbable., If an event is iritiated by a transient or a
primary system break, extensive or total failure of sa“ety and
emergency care cooling systeis must also occur., This section
presents major BWR accident scenarios censidered in pgbabilistic
risk assessments and describes the fission product transpert
mechanisms expected for each scenarfo, These scenarios are of

two major types, Class 1 and 3 coniiders those where core danage
initiates loss of primary containment integrity by overpressure

4-2
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and crackina. Class 2 and 4 considers those where loss of primary
containnent integrity by cracking initiates core damige. In Class 1
and 3 scenarios, the suppression pool is subcooled while in Class 2
and 4 the poel is in a saturated condition. At the time of core
damage in Class 2 wnd 4 scenarios, the pool is not expected to be
turbulentiy boiling, but rather in a "steaming" condition.

Wichin each of these tw> major accident types, BWR accidents can be
furthcr grouped into twe categories: (a) discharge through the
horizontai vents, and (b) discharge through the S RV dischirge
lines. Figure 4.2 shows the expected fission product pathway for

each of these categories.

During a postulated design basis LOCA a double-ended breax of a
recirculation line is assumed, resulting in the rapid depressuri-
zation and blow¢ wn of the reactor vessel to the dryweil and then
to the sup,ression pool by wav of Lhe horizontal vents. Ine
rasulting high drywel) pressure signal will initiate the upper pool
dump to the suppression gool.! For degraded core conditions to
occur, the emergency core cooling system (ECCS) must be assumed to
fail resulting in reactor fue' heatup and subsequent damage ano
melting. Prior to clad meltiny, hydrogen may be produced f:-om the
(Ir-steam) metal-witer reaction. If degraced ECCS performance is
assumed to continue, melting cf the core may continue to propagate,
and th» meited porticn may slump into the bottom head and resnlt in
additional steam generation from the water remaining in the lower
portion of the reactur vessel. As the cladding melts, fission
pioducts relrased from the fuel mav be transported (with the steam
and hydrogen) to the drywell by way of the break in the recir:zulation
pipIng during the post-blowdewn peried. Fission product transport
in a predominantly steam environment can occur from the drywell to
the primary containment air space threugh the suppression pool.

The fission products would have to pass th-ough approximately

Footnote ': The upper pool dwmp is initiatec vy any one of three signals:

hig' drywel) pressure, low reactor water level, or low suppression nool

water level.
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thirteen and cne-half feet of water® before reaching the suporession
pool surface. Flow or'y through the first leve! vents 15 experted
as stecm flow at this time late in the scenarid is only about five
pounds per second per vent., Adproaimatelv 0% to JUS of the vent
cross-soctional area on the drywell side is expec'ed to uncover,
initially producing bubbles cf various sizes. Near'y all of the
volatile fission products in the fuel are expected to e released
(in a steam environment) 1uring this stage of the accident sequence.

For postulated transients where ECCS makeup water 15 assumed to be
not available, fission products released from the fuel to the
reactor vessel may “e transported directly to the suppression pool
in a precominantly steam environment via the safety-relief vaive
discharge lire and quencher system. In these events a low reactor
water leve! or a high arywell pressure signal will init ate the
upper pool dump to the suppression pool. Ir these evern.s, the
fission products must pass through approximately nineteen Teet of
water before reacning the primary containment air space. Nearly
all of the volatile fission products in the fuel are expecy 42 to be
released (7 a saturated steam or superheated steam environment)
during this stare of the accident sequence. [n the cas: of small
or intermediate size break accigents, both trancport pathways

occur.

Following either a LOCA or a transient event, the molten core and
other material may penetrate the thimble. on the reactor vesse!
hottom head :nd drop to the floor of the drywell in the restricted
area directly under the vessel. Under LUCA sequerces this is not a
v olent event since the reactor vessel .s alreaay depressurized.
However, for the transient cases where no large LOCA brea' exists
and when the operator has failed tc depressurize the vessel in

Footnote '. In sequences where ECCS operates as designed, the expected

depth «f submergence is about 8% feet
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order to make lhe low prascure ECCS availible!, there may te additional
trancport frem Lhe vessel to the drywell and suppression podl via

Lthe horirontal vents. Vessel de;ressurization is nct expected to
eccur instantenecusly and violently, bui 1nsteaa the depressurization
should cccur racher slowly as the core raterial slowly penetrates
through the control rod and instrument thimbles an? perhaps eventually
through the bottom bead itself.

Following the vesse)l penetration sequence. a moiler core-concrele
interaction may occur on the portion of the drywell f'oor airectly
under the vessel releasir; aerosols and noncenaensable gases such
as COZ' Figure 4.5 illustrates where this inceraction may occur,
Note that th: very substant 'al reinforced concrete structure arou..d
this central portion o the urywell floor area prevents any dire.t
access of this molten core-concrete mixture to the regicn of the
suppressfon pcol in the 8wR Mark III cont. inme:t system. la adaition,
featuses assuring the stouctura) intey iy of the suppression poot
includz the five-foot thick drywell wal!, the ten to fifteen foot
thick floor under the pool ard dryweli, ad the aight foot thick
wall arour 1 the poo! outer radius. Grourd elavation ic above the
pcol wate~ level, as inuicated in Figure 4.5,

The noncendensable gases wenerated wiil siowly pressurize the
drywell and eventually vent through tne horizontal vents (top row
only) to the suppression pool. Gnly a small fraction (about 1%) of
the vert cross-sectional area on the drywell sice is eapected to be
uncovered producing relativeiy small bubbies. During (his stage,
fission products (vaporization release component) attached to
aerosol paiticles may be carried o/ a COz-stean mixture through the
vents and depending upon the accident scenario released under 8% to
135 feet of wa'er.

Footnote ': The Emergency Procedure Guidelines instruct the operztor to
cepressurize the vessel if the high pressure emergency core cooling
systems are not maintaining an adequate vessel water level.
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For those fission products »hich are not absorbed by Lhe water

prior to reaching the supirescon pool surface, transport may occur
in the primary containment building. In the event that the co~tain-
Menl pressure continues (0 increase due to joss of decay heat
removal or non-concensib‘e gas ceneration, General Electric analyses
indicate that catastrophic failure of the containment is not expected.
The most probabie cause of loss of primary containment integritv

for the Mark !li Stondard (Containment design would be cracking near
the tog of the containvent structure. Buckling and cracking would
oe expected in the area where the transiticn from tne vertical wall
to the c.me is located {refer to Figure 4.5). Therefore, fission
products (gases or particulaies) released from the pool surface

must travel for approximately 130 feet from the pool surface through
a tortuous path of stairway gratings and compartments with significant
plateout surraces before reaching the location of the cracks in the
primary containment steel. After leakage through the cracks,
idaitional travel through the smield builaing wiil cccur, with
exhaust througnh the standby gas treatment system and/or directly
outside through cracks or other jeakage points. Significant areas
for plateout and deposition are availatie in th2 shiela building

and the other volumes withir the secondary containment zone.

A summary of the dominant BwR fissicon product transport modes and
sigrificant transport parametcrs is presented in Tabie 4.2.1. The
transport and subsequent removal of fission preducts by the suppression
pool is an expected and highly prebable occurrence during most
postulated degraded B8WR accident s2guences, The poo! is a iarge pascive
system and its capacity to retain fission preducts should not be

undarestimated or neglected in any risk assessment.

In addition to removal by pool scrubbing, natural processes in all
BWR compartments with'n the reactor svstem, the drywell, and the
primary and secondary containment air spaces will limit the quantity
of fission products available for release to the environment.

These mechanisms include: agglomeration in the veactor vessel,
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plateout/ae;ositior, aerase)l agglomeration, washout, and retention 1
in leak patns. The overall fissien pruduct atteruation facto~ for 'l
a BWR will inciude the e fects from both pool scrubbing and all ¥
such natural removal and =etenticn processes. g
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I.dine Chemistry and the Chemical Forms of lodine in (WR Fuel

Review of lodine Chemistry

The behavior of iodine as observed in rcactor aczidents, normz) BWR
operation, and during experimental tests invoiving suppression pool
scruvbing, can be better vnderstood by a brief overvicw of the
chem:st~y of iodine. A complete review of icaine chemistry is
beyund the scope of this report. howcver, a summary of i~dine
chemical forus and .heir expected reactions, solubility and
vola*ility, is uscful in assessing appropriate decontamination
factors to oe used in degraded core accident analyses. In sucn
analyses the chemical forms of iodine of interest include elemental
iodine (az), organic ‘odides (e.q. CH3X). cesium iodide (Csl),
hydrogen iodide (Hl) and hypoicdous acid (W1D).

Elementa) [saine (12) is volatile aiL room temperatures, dissolves
slightly in water, and may be rapidly hydrolyzed in aqueous solutions
by the following reactions:

.‘faq) + H?O RO "M I” Hl0(ac) or
1,(aq) + O™« W e 17+ 10
- +

3 Iz(aq) * 3420 ‘ ST + 103 + 6H

The degree of hydrolysis depends on lz concentration, pH and

temperature.

Dissolved iodite (1) might be oxidized to molecular iodine in
acidic solutions by oxyge. 'n the containment atmosphere, by oxygen
dissolved in the water or by radiatisn effects ia the wat:r.
Radiation induced chemical reactions in aqueous iodine solutions
have been renorted (5.1).1 A% concentrations 5105n (3 ppm), 17 icns
can be nearly quantitatively oxidized to 10; with hypoiodous acid,
HIO, a: a possible intermediate, in solutions with =~ below 9 urder
the influence of high intensity (bxloeﬂlhr) gamma radiaton. (This

————————

“ootnute ': The notation (5.1) refers to Reference 5.1
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mechanism 1s believed to play a dom -ant role in producing volatile
! 0 during normal EWR uperation as will be shown in Section 6.3.)
Uncer degraded core conditions if all the iodine is conservatively
assumed to be released from the fuel and reactor system, the maximum
iodine concentration in 2 8WR suppressiun poo' would be approximately
3 ppm or ZAIC-SN (5.2). The pH of the suppressior pool is exoected
to be ~10.5% urder such an assumption because of the larve quantities
of Cs (elemental Cs, Cs oxides, or Csl) zlso released from the fuel
(5.2, 5.3). Also, the nocl would not be subject to a high inteasity
radiation field. Thus, air oxicition or radiation induced oxidation
of I to 12 is not very likely to occu~ in a suppression pool.

The formation of organic ¢r . unds of fodine has bean studied by
several investigators (5.4). Eflemental iodine (IZ) was the pre-
dominant chemical form of icdi.e investigateu in these studies.

The coaversion rate or 1, to orgaric iodide would be expected to be
much larger than the ralé for I to organic 10¢1de because ot
differences in volatilities. This occurs because high airborne
concentrations of I, promote the conversion to organic iodigs *hiie
low concen*rations Timit the conversion. Organic iodide \;Hzl) was
reported to reacily hydrolyze in basic solutions of water at high
temperatures (T=100°C) (5.5, 5.6).

As cesium iodice is non-velatile and highly soluble in water, it
should be ef‘ectiveiy retained 1n a suppress.on pool. Under degraded
core conditions, cesium iodide vapa. “o'uld be expected to condense
irto a particuiate form at temperatures less than 500°C. This
cendensation wmay occur on the inside surfaces of the reactor pressure
vesse! or onto other particulate surface: airborne in the reactcr
vessel. The transport and retention of a particulate by a suppression
pool then heromes impor.unt wher considering the removal processes

of cesium iodide.
Hydrogen iodide (HI) is volatile and is rapidly hydroiyzed in water

with a partition coefficient near infinity. Thus, it should be

effectively retained in a suppression pool.
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Hypoiodous acid (KIO) has never been chemic-lly icentified. It is
a volatile and highly solubie comoound whick is rapidly hydrelyzed
in aqueous solutions. Thus, it should be effective'v retai- 'd in a
suppre-sion poal.

o
~N

Chemical_ﬁprws of lodine in LWR Fue)

The chemical form and vehavior of fission p.odicts in LWR fuel has
been asses.ed by adamscn (5.7). The fission products Cs, Rb, I,

Br, Te, and Se are clazsed as "volatile-raactive" and their vehavior
resembles that f the gaseous fission products Xe a.d Kr at tempera-
tures above 1400°C. The "volatile-reactive" fission products tend
to migrate dewn temperature gracients in the fuel through cracks,
etc., and condense or react in the core fuel regions (<1000°C).
Since Cs and I are both aggressive chemicals, they =ay combine to
form CsI. The fission yield of Cs ic 10 timos greater than that of
iodine, therefcre, the probability that all the iodine could combine
with Cs is reletively high.

The boilina point of iodine (Iz) is 184°C, while the boiling point
of cesium iodide (Csl) is 1236°C. Since the average clad temperature
of LwR fuel is 300°C, 12. if present inside the gap, should behave

Ihke a fission gas but CsI shauld not.

In gap purge experiments at ORNL (5.8) fission product, were purged
from ivradiated commercial fue! rod sagments at temperatures up .o
1200°C. The conclusiuns from the experiments were that the dominant
chemical form of jodine in the fuel s a met.) iodide, probably

Csl. Crystals of Csl have been icentified on the internal cladding
surface of an irradiated commerical fuel rod (5.9) by X-rav fluore-
scence. Other pipers also support the corclusion tnat the chemical
form of iodine in LWR fuel rods is cesium iodide (5.10, 5.11, S5.12,
5. 13).
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An iodine "spiking" release phenomenon from c.adding defects has
been obcerved (5.1i4) when reactor power or pressure is suddenly
changed. The spiking of fission noble gases is distirctiy dif-
ferent frcm that of iodine, indicating that the chemical form of

1odine releas'd from the fuel is not gasec s elewenial iodine.

Organic iodides exist in extremely small amounts under accident
conditions. In the TMI-2 accident they anounted to about 0.003-0.01%
of the core fission product inventory (5.15, 5.16, 5.17). It is
the dominant form of iodine in the gas phase not because there is a
large amount present, but because the species that are present in
large amounts (the iodides) distribute overwhelmingly into the
water phase, leaving only trace quantities in the gas nhase.
Radration effect- in water nay contribute to the formation of
organic iodides but the reaction rate is relative'y siow. Measure-
ments of iodine in operating BWRs show that very little if any
organic compounds of iodine are released trom LWR fuei (6.9).

Based on the available cdata in th. literature, experience from
reactor accigents (Section 5.0), operating BwRs, and the expected
moist-refucing environment in the primury system and drywell, it is
concluded that the chemical form of icdine releascd from LWR fuel
is cesium iodi“e ad this species shculd be used in assessing
suppression pool indine scrubbing factors during BWR degracC 1 core

accident scenarics.
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6.0 B8ehavior of lodine During Reactor accidents, Experimenta
Destructive Tests, and BwR Normal Cperation

In this secticn observations are presented an the behavicr and

transport of iodine and particulates during reactor accidents and

small experimental reactor destructive tests. The behavior of

iodine in operating EWRs is also presented ta illustrate two significant
removal processes in a BwR: removal of iodine by condensation

processes in the condenser; and scrubping of iodine by the suppres-

sion pool.

6.1 Fission Preduct keicases From Damaged ‘eacter Fuel

6.1.1 The Accident at TMI-2

TMI-2 is a pressurized water 1eac.or (PWR) and its containment
system aoes not have the prescure supnression pool which is an
integral part nf the 8WR design. The loss-of-coolant accident at
TMI-2 resulted in the relzase of large amounts of fission products
to the reactor coolant and the reactor t. lding containment. A
stuck open pressurizer relief valve resulted in tie transport of
primary system water directly to the containment where it subse=-
quently flashed (see Figure 6.1). It is pestulated that extensive
core damage occurred when the water levcl drorped b2low the top of
the active fuel allowing fissran products released from the fuel to
be transported in the saturated water-steam aixture directly to t,
containment. Although the magnitude of tihe radicactive material
released during this accident was significantly higher than any
previnus accident i1n the commerczial nuclear power i1naustry, only
modest amounts of ‘odire escaped from the primary containmant.

The President's Commission on TMI-2 (6.1) reported that the total
release of jodine 131 (I1-131) to the environment from March 28

through Aprit 27 was ~17 curies. This release was insignificant
compared to the 7.5 milliun curies of I-121 which was discharged
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from the RPV. As noted in Table o.1 only 2000 Ci of I-131 became
airborne in the reactor builaing. while measurements were not
available immediately after the accident, measurements made several
months later showed tnat the only iodine airborne was 0ig2nic
iodine which is relatively nonreaccive. It is cvident that the
activity remaining airborne was a very small percentage of that
rcleased cemcnstrating that indine released into a humid environ-
ment i< readiiy remcoved by natura! phenomena. Also the majority of
the iodine-131 activity remained in the water.

In view of these findings, the Presidenrt’'s Commission recommended
that "a study should be maie of the chemical behavior 2nd extensive
retention of radiciodine in water, which resuited in very low
releases cf radioiodine to the atmosphere."

6.1.2 The SL-1 Accident (5.2)

The SL-1 was a smal! natural circulatiun reactor (3 MWt). The fuel
elements were constructed of highly enriched uranium-aluminum alioy
sandwiched by aiuminur alloy clagding. Compared to a present day
commercial pcwer reac*or few engineered safety systems existed in
this prototype portadle military reactor. A sudden manual removal
of a central contra} rod by maintenance personnel csused a rapid
reactivity insertion which lead to a power excursion and extensive
core melting. A very large fraction of the core was melted and
rmost of the water was ejected from the reactor vessel, vet iess
than 0.5% of the I-131 ccre inventory was released to the outside
atmosphere. While SL-1 was contained in a “Butler" type structure,
which has minor containment capabilities compared to containment
structures associated with commercial power reactors, only 10 Ci of
I-13]1 were reieased tu the atmosphere during the first 16 hours ang
70 Ci over the next 30 days. The expelled water was h hly contami-
nated with fission products, including radioiodine.

6-2
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Crysta! ®iver Unit 2, 2 PWR, expe: ienced an event on February 25,
198C, in anich 40,000 gallons of primary coolant water was discharged
onto the ficor <f the closed containment building. An electrical
equipment failure resulted in a stuck open power operated relief
valve. With the reactor scrammed and the power operated relief

valve open, the reactor vessel pressure dropped as the reactor
coolant discharged into the reactor coclant drain tank and then
flashed into the reactor containment building after the drain tank

rupture disk actuated.

The reactor water contained both I-131 and Xe-133. The Xe-133 was
immediately released into the containment atmosphere, but the I-131
was observed to be retained to a large extent in the water. The
I-131 in the conta‘nrent atmosphere peaked in about four days as
shown ‘n Figure 6.2.

Following the event, the containmert air and the water in the
containment sump was analyzed for I-131. Approximately 1.8 Ci of
I-121 was airborne on “arch 2, 198C while approximately 85 Ci of
1-131 was in the sump water (6.4) as shown in Figure 6.3. Thus the
decontamination factor was approximately 55 days afte tie
incident. A higher DF may have existed on the day of the incident
but this could not be evaluated due to lack of data.

The primary pheacmeron in this event and in the TMI-2 accident
appears to be the flashing cf primary reactor water with the
subceguent relcase c¢f fission products to the containment. In
spite of this flashing phenomenon, cecontaminaticn factors on the

order of 50 were opserved for iodine.
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6.1.4 Winiscale-1

6.2

The accident at Winascale-1 (a once-through, air cooled, uranium-
graphite reactor) occurred when the uranium metal fuel overheated,
caught fire, and released fission products to the air stream 1lowing
up a tall stack (6.5). The stack filter was cstimated to have
removed 2-5x10* Ci o particulate irdine, however, 7.0x10¢ Ci of
gasecus iodine was released from the stack to the environment. The
released iodine representad 12% of the availablie iodine inventory

in the core. Water was not present at Windscale since it was an

air cooled reactor, thus accounting for the large fraction of

iodine released.

Experimental Reactors Tested to Destruction

Three experimental reactors have Leen deliberately tested to destruc-
tion tec verify Lhat large reactivity excursicns were self-limiting
and would automstically terminate the nuclear reaction. The tests
were designed to violently disassemble the core and meit or vaporize
part of the reactor fuel. Dispersion of the radicactive material

was monitored to provide information to assess the dispersal areas.
Three tests of this nature were the BORAX-1 test (6.6), the SPERT-1
test (6.7), and the SNAPTRAN tests (6.8).

The BORAX-1 experimental reactor was loca.ed in a low pressure

water tank partially sunk into the ground. There was no building
over the reactor. Motion pictures taken during the tests showed

that the water tank holding the experiment burst and most of its
contents were ejected into the air. All the fuel fragments could

be accounted feor witnin 350 feet of the reactor. A wind speed of

8 mph was present during the test yet the phenomenological mechanisms
limiting dispersal operatea to attenuate the reiease of radioactive
fission products.

6-4
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The SPERT-1 destructive experiment was also conducted in an open
tank facility. It was covered in a light structure not intended

for containment purposes. Tn the test approximately 35% of the

core was meited with nearly all the fuel elements in the core
experiencing melting to some degree. Metallic debris approximately
100 ym in size was recovered in the water. Only noble gases escaped
to the atmosphgre from the reactor tank. The radioactivity released
to the atmosphere was estimated to be 2.4x10% Ci; which represented
less than 1% of the fission product inventory in the core. lcdine
was detected only in the reactor water.

The SNAPTRAN series of destructive tests we.e¢ conducted to evaluate
the risk of launching the SNAP-10A reactor (a U-Zr hydrice, NaK
cooled reactor, designed for space applications) over water or
land. In the SNAPTRAN-2 test, no water was present and 70% of the
fodine was released to the atmosphere. In ontrast, when the
reactor was placed in an open tank of water (the SNAPTRAN-3 test),
there was no detectable iodine released to the atmosphere. Nearly
all remained in the water, in the fuel or plated out.

6.2.1 Summary of Cbservations un lodire Behavior

6.3

In the reactor accid nts and destructive tests involving an initial
watar barrier very little iodine released from the fuel was released
to the atmosprere because of retention in the water which was
present. lodine tended to remain soluble in water rather than
escape as a volatile gas. This hehavior is consistent with that
observed frem suppression pool scrubbing experiments where iodine
(in steam) is passed through a pool of water. Results from these
tests will be presented in Sections 7.0 and 8.0.

Behavior of lodire in Operating BWRs

The behavior of iodine in operating BwRs is presented in this
section and includes: the chemical form of iodine in BWR systems;
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removal of iodine by condensation processes in the condenser; and
removal of iodine by suppressicn pool scrubbing during High Pressure
Coolant Injection Surveillance tests. Decontamination factors for
each of these processes are presented %0 illustrate how the separa-
tion of iodire (HI0) from steam favore the water phase rather than
the gaseo:s phase. This benavicr would alse be expected to occur
dguring BwR accident cor:itions when steam carrying ioaine (HI or
Csl) would be rapidly condensed and scricbed as it passes through
the suppression pool.

6.3.1 Chemical Behavior of Radioicdine in BwR Systems (6.9, 6.10)

An examination of the chemical forms of iodine at operating BwRs
during normal plant operation and durirg shutdown conditions incicates
that 1, 10;. and perhaps HI0 are the predominant species in reactor
water. Only traces of 12' and organic iodinre (CH3l) were detected
and are believed to be from contamination in the analvtical procedure
Results of analyses of reactor water for iodine are shown in Table
6.2. During reactor shutdown with no steam distillation, most of

the jodine was found in the iodate form in the reactor water. This
is probably a resuit of radiation induced oxidation of I to 10; or
10,, since it is well known that 1~ can be oxidized by 10; by the
influence of radiation in agueous solutions (5.1).

The amount c¢f ridiciedine carried over bv the steanm has alsc oeen
investigated. The term “carryover" 1s defined as the ratio of
1odine concentration in the condensed steam to the concentration of
the same isctopic species in the reactor water. The moisture
content in Lhe steam is very small as a result of the action of the
moisiure separators and steam dryers in the BWR design. Based cn
the distribution of nonvoiatile ionic species, such as Na 24,
between the condensate and reactor water, the iodine carryover by
mechanical prccesses, e.g., entrainment, is estimated to be < C.05%.
The observed icgine carryover, hcwever, ranges between 0.2 to 2.5%
(6.11), therefore, mechanical processes alore cannot account for
all the iodine carried by the steam. This suggests that some
volatile iodine species must be involved in the carryover process.

6-6
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Volatiie HIO is believed to be the major icdine species distilled
from tne primary coclant during normal operation and is believed to
te produced by the radiration induced oxidation of I” found in the
primary coclant (6.9). Essentially al! the iodine species which

are carried by the steuam from the reactor water, through the turbine,
and to the condenser are condensed with the steam in the hotwell.
Only trace noncondensable iodine species are fou:d in the gas phase
which consists mainly of radiclytic gases. Since HI0 is expected

to be the major volatile species in steam carryover, it should be
expected in the steam condensate. This, indeea, has been shown by
examining the chemical forms of iodine in the condensate of operating
JWRs (refer to Table 6.3). Very little I,, 10;. or organic iodide
were found in the condensates samples, and essentially all the

iodine was 1~ or HIO. Unfortunately, the chemical identity cannot
be distinguished between the 1 and HIO forms.

The iodine species in the offgas have be2n sampled and results are
shown in Table 6-4. The majority of thi airborne radioiodine is in
the organic form. The source of organic iodine and the mechanism

of its formation in the offgas has not been precisely identified.

The offgas iodines, however, are usually "older” than those found

in the reactor water and condensate. This is shown in Table 6-5
where the isotopic distribution of the offgas isotopes are compared
with the distribution in the reactor water. This apparent aging is
probably due to tne delay incurred between the iodine deposition on
material surfaces, such as carbon steel, and the subsequent formation

and release of organic iodine.

Crganic iodide fcrmation may be related to the production of CHA,
&s a result of steel corrosion and carbide/hydrogen interaction
(6.12). The conversion uf crganic iodide from 12 in 80% humidity
air in contact with galvanized steel at ambient temperatures has

been recently reported (6.13).

-
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6.3.2 Separation of lcdire in the Condenser

As was shown in "3ble 6.3, the majority of the volatile radioiodine
carried by the ¢team cdistributes overwneimingly nto the water
phase in the condenser leaving only trace quantities of organic
iodide in the gas phase. The iodire separation factor (S.F.) in
the cordenser is defined as:

transport rate of iodine into condensate (uCi/sec)

SuF. =
release rate of jodine in non-condensables gas phase

(pCi/sec)

The separation factor has been calculated (6.14) from field measure~
ments at operating BwRs (&6.15). Table 6.6 shows that separation
factors vor removal by condensation rance from 140 to 5580 for
inorganic iodire (HI0) and from 60 to 2460 for total iodine (12.
HI0, and orgenic iodine).

The removal of iodine in the condenser by condensation processes is
expected to be very similar to the process whick occurs when steam
carrying radioiodine is rapidiy condensed by tne suppression pool.
Suppression pool scrubbing, however, is expected to be more effective
in removing iodine because condensation in the pool will be very
rapid thereby minimizing the ccntact time between steam and water.
Once the steam ic condensed iodine must travel vertically through
8's to 19 feet of water before it can escape from the pool. In
addition, separation of iodine in the condenser occurs under a
vacuum (1-2 psia) which will favor the transport to the gas phase.
The separation factors or DFs for suppression puol crrubbing thus
are expected to be larger than those for condensation processes in
the condenser. This indeed is true as will be seen ir the next

section.

6.3.3 Torus Scrubbing of lodine (6.16)

Radioleogical measurements were macde in a Mark 1 suppression nool
during a 20 minute High Pressure Coolant injection System (HPCI)

6-8
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surveillance test while the plant was at 71% of rated power.

During the H”Z{ test, steam from the redcter drives a turbine and
15 then discharged to the suppression pool as shown in figure 6.4,
Measur:ments of torus activities in the water and in the gas phase
were made both before and after the surveillance test; torus water
phase and gas phase icdine concentration are summarized in Table 6.7.
Before the test, the primary iodine species in the torus air was
organic iodide (97.8% with only 2.2% 25 MIC. lodine activities in
the water bafore the test we-e found to contain &5% as 1, and 15%
as 10;. Elemental iodine and organic fractions were not detectable
in the torus water. Following the test the gas phase cortained
37-45% HI0. Partition factors cefined as the ratis of iodine
concentration in the gas to that in the water are also presented in
Table 6.7.

Decontamiration factors for pool scrubbing can be calculated from:

OF = 1-131 activity transported to rool

change in I-131 activity in the gas phase

where the change in gas phase activity i+ taken as the maximum
observed charge in organic I-131 activity. This will be conservative,
i.e., predict a smaller DF than if HIO concentration changes! were
used.

Relatively high background levels coupled with low iodine activity
'n the ste-m resulting from minimal fuel cladding defects produced
K10 concentration charges which may have been on the same order as
the error in the analytical procedure. Thus the use of the maximum
change in crganic iodide activity will provide a conservative
estimate of the DF.
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The I1-131 activity transported to the poo! is calculdted from the
reactor water [-131 concentration, the measu.ed I-131 carrvover,
and total mass of steam transported to the pooi.

From data in (Ref. 6.16) t'e amount of I-131 *ransportec io the
pool is:

1 6

(5.6uCi/kg)(C.004)"1.44 ¢ 107kg = 3.2x104 pwli 1-131
The maximum change in ~rga.ic 1-131 cencentration from Table 6.7
is:

5.2 x 10710

- 3.2 x10710 = 1.6 x 0 0 ¢i/cc
The volume of the Monticelle torus air space is 102,565 ft” fromr
Ref. (6.1.), then the activity in the gas phase is

10

(1.5x10 ¥ cizen) (202,565 ft3)(28,314 cc)

fe3
= 0.44,Ci 1-131

and the OF = 3.2 x 10%ci = 7.3 x 104
0. 44,Ci

Based on this lirge DF, the suppressizn pool is e'i.cted to effeclively
scrub radici-dine ('70) carried by the steam. !ia*. from small

scale oso” :rubbing tests (presented ip Section ~.0) will provide
20dit .-al information on the expected magnitude of the cecentaminatio®
‘actor for differert chemical foras of icdine, i.e., IZ‘ CHsl, HI

and Nal.

The measured carryover was 0.4% (Ref. 6.16)

€-10




NEDO- 22420

6.3.4 Summary ~f Observations on Todine Behavior Cperating BWRs

The behavior o iodine in an operating BWR is well defined by
measurements taken during plant tests. Radiochemical measurements
at operati-g plants indicate that gaseous iodine concentrations

(HIO) are significantly attenuated by condensation processes s'«ch

as _hose observed in the main condenser ano during steam condencation
by the suppression pool. In view of these observations and the
respective solubilities and volatilities of M'Q and Csl, the remova!
factor for Csl by the supprussion pool during a postulated accident
is expected to be much great.: “han the removal factor for HIO.

6-11
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Table 6.1

[ MEASUREMENT RESULTS, TMI - 2 (Ref. 5.16)
i FRATTION OF
I_(DECAY CORRECTED TO 3/28)(Ci)  CORE INVENTORY

570,000 gal. at 0,612 1Ci/ml

on 8/28 = 1.4x107 Ci 20%
Mainly PCBT's A, B & C 0.21x107 Ci k}4
112 gpm from 0720 to 1900. 3/28

at 1.7x10% ci/g = 0.5x10/ Ci 7%
2.2x1063ft3 at .025 uCi/cc on 3/31

= 2x10° Ci 0.003%
80,000 gal at .025 uCi/g on B/28

= 0.4x107 Ci 6%
l.3lx108 cmz at 5.8 nCi/cmz on 0.4%

6/1 = 2x105 ci 2

1.3x108 em? at 0.0041 uCi/ca

on 8/30 = 3x10° Ci

Charcoal Filters - 124 Ci A0, 0078 %
Building Surfaces - 130 (i

Ervironmental Release (3/28~

4/30) - 38 Ci

23,000 gals - 440 Ci 0. 00062

TOTAL 2s5x1¢524 372

7Y R.B. = Reactor Building
R.C.S. = Reactor Coolant System
OTSG = Oncé Through Steam Generator
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TABLE 6.¢

CHEMICAL FORMS OF RADIOIODINE IN BWR PRIMARY COOLANT (%)

— ——— ——————————— —

REACTOR (DA:Z) 1, I 10, ORGANIC CH It
NURING NORMAL OPERATION
BWR No. 13 (7/1972) < 80 20 <0.1 -t
BWR No. 2 (11/1972) # ™3 10 4 0.03
BWR No. 9 (12/1972) 1 65 34 <0.1 <0.02
BWR No. © %/1973) <0.1 52 48 <0.1 -
3WR 0. 9 (3/1974) 3 79 18 <0.1 -
BWR No. 16 (7/1974) .1 ” 23 <0.1 -
BWR No. 15 (8/1973) 4 ! | 12 <0.1 -
BWR No. 34 (£/1977) <0.1 67 33 <0.1 -
DURING SHUTDOWN:
8WR No. 9 (4/1973) <0.1 2 93 <0.1 -
BWR No. 9 (3/1974) <0.1 4 96 <0.1 ° -
BWR No. 16 (9/1975) 3 67 30 <0.1 -
BWR No. 16 (2/1976)** - 18 82 - -

% May incluge HIO
** Duri:s hot standby

t Not measured

tt Determined by distillation, the contribution from the isotopic exchange
between I ard carrier CHyl was estimated to be ~0.02% of the total

iodine activivuy.

6-13
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TAP'F 6.3
CHEMICAL FORMS OF RADIOIODINE IN THE CONDENSATE (%)

REACTCR (DATE) 1, 1 w; ORGANIC CH, It
BWR No. 13 (7/1972) 6 82 10 2 -t
BWR No. 2 (11/1972) 2 85 S 4 -
BWR No. 9 (12/1972) 8 88 3 1 0.06
EWR No. 15 (7/1974) 3 93 4 1 -

May irciude HIO
t Wot .seasured
Tt Determined by distillation, the contribution from the isotopic exchange

between | and carrier CH3I was estimated to be ~0.02% of the total
iodine activity.

(Ref. 6.9)
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TABLE 6.4

RADICICOINE SPECTES IN OFF-GAS AT THE SJAE* (%)

REACTOR (DATE) 1, “H10" ORGANIC

BWk No. 10 1.5 16.9 81.6
BWR No. 13 30.2 34.6 3.0
BWR No. 16 52.3 18.3 29.4
BW? No. 11 4.5 20.2 75.3
BWR No. 12 6.7 22.6 70.7
*WR No. 13 (7/1972) 30 -t 70 1
BWR No. 2 (11/1972) 2 -t 98 1
BaR No. 9 (12/1972) 12 -t 87 1
BWR No. 9 (4/1975) 12 . 82

BWR No. 34 (5/1977) 10 48 42

* SJAE = Steam Jet Air Ejector

t HIO not determined; the organic fraction may inciude HIO.
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COMPARTSCN OF IODINE ACTIVITY CONCENTRATIONS IN BWR NO. 13 REA
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TASLE 6.5

CTOR WATER AND OF: Gas*

150TCPE REACTOR WATER OFF-GAS
CONCENTRATION CONCENTRATION
pCi/ine RELATIVE T0 1-131  pCi/1ee RELATIVE 10 1-131

1-131 (8.04 D) 3.35 1 0.0068 1

1-133 (20.8 H) 9.55 2.8 0.0129 2

1-135 (6.59 H) 20.4 6.1 0.0251 3.7

1-132 (2.29 W) 25.; 1.5 0.0233 3.4

1-134 (52.6 M) 53.8 16 0.0499 7.3

* Date of analysis:

73172

*% Volume measureo at ambient temperature

6-16
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TABLE 6.6

IODINE=131 SEPARATICN FACTOR IN BWR MHOT-WELL
(Reference 6.14)

Gas.Phase Raoioiqdine Separatign
Chemical Comg)sition,% Factor
Reactor (date I, HlU Organic Inorganic Total

BWR No. 9 (12/1972) -0 --- - 1296
BWR No. 10 (1973)° 1.5 16.9 81.6 690 11
BWR No. 11 (1973)% 4.5 20.2 75.3 2418 438
BWR No. 12 (1973)% 6.7 22.6 70.7 1940 407
BWR No. 13 (1973)° 0.2 34.6  35.0 141 78
BWR No. 13 (7/1972) .- - --- --- ---
BWR No. 16 (1973)¢ 52.3 18.3 20.4 5534 2462
BWR No. 24 (5/1977) 10.0 48.0 42.0 477 243

a. Meacu~ed at steam jet air ejector sample point.

b. See text for definition.

[ Including 1, and HIO.

2

d. Chemical rorm not determined.

e. Data obtained from Ref (6.14).

a
g
z
;
3

R e R
!
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TABLE 6.7

Torus Airborre lodine Activities and Their Gas/Wuter Partition

Sanmple Water phase, Concentrarion In gas
Location pC1/kg bl ! 1. Gas_Phase, yCi/mle Partiticy, Concentration in water
and Time — e - 1-131 feslewnbe T ) b
.. LI -1 =13 Organic_ W10 Organtc 10 Total Inorganic _ Total = Inurganic
Torus Sasple **
Statton , '
/27, 9:30- 2.sa00' - 1685107 81622077 (42010712 . 1.5x10"" 3. w107 - .
2128, 9:%0 (91.82) (2.21) (~1902)
c-2 1.8x107° . 1.6x1039 g 200071t . - 1.36x107%  Gsexto”? - .
33, 1823-193% (60.17) (31.92)
-3t - - P~ -
-2 2.40a10"" o 2.26500°29 2.26a00°%® . . 2.04x00°  9.20107} - .
/3, 2626-2058 (53.7) (452)
o - - - - - - - - - - -
T c-2 1671075 06x107? 2.5.00070 1160107 3esa0 yasxioM om0t eaxio? 1m0 sise0™ =
o 33, 2153-001% (67.51) (32.51) (521) (481) <
L]
c-2 o o 2o a0 asiao™ aseae™? a0 26507 2,007 s2u0™ ~
e, M2i-1621 1.87x1070 5.12410°7  (69.9%) (30.17) (69.81) (30.21) -
. S
c-1 - - 3. 74410710 - - - - - -
/3, 2026-2058 (toral)
-3 23651071 - «.83107 10 - - 2.05x10"" . . -
33, 202¢ (total)
c-4 230" . 3.2010°0 . - 220107 - - -
33, 1016-205%3 (toral)
c-s 2.02s10° " - 2.4u10°"° - - 8.5:107° - . .
3/, 2026-2058 (total)

*No iodin<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>