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Finally, there is o general expectation that the physical and chemical forms of the revised
cource terms as defined in NUREG-1465 are applicable to high bumup and MOX fiuels.
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31 Release Fractions”

The core mventory release fractions, by mdionuchde proups, for the gap release and early
in-vessel damage phases for DBA LOCAs are ksted in Table 1 for BWRs and Table 2 for PAWRs
These fractions are apphed 1o the core mventory mE v Posstion 3.1

For non-LOCA events. the fractions of the core wnventory assumed to be i the gap for the
vanous mdicomchides are given in Table 3. The release fractions from Table 3 are nsed in
compunction with the fission product mventory calculated with the maximum core mdial pealing
factor.
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3 pecident Sorce Terms for Light-%ater Nuclear Power Plants Using High-Burnuep or MOX
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Table 35 Revised Radionuelide Groups

[#)] KEEERD K
S

Group  Title Elements in Group

1 Moble pases Xe, Kr

2 Halogens 1, Be

3 Alkali Metals Cs, Rb

4 Telludum group e, Sh, Se

5 Barium, strontivm  Ba, Sr

6 Nobie Metals Ru, Rh, Pd, Mo, T, Co

7 Lanthanides La, Zr, Nd. Eu, Nb, Pm,
Pr, Sm, ¥, Cm, Am

] Cerium proup Ce, Pu, Np

Table 3.12 BWR Releases Into Containment*

Gap Release®** Early In-Vessel Ex-Vessel Late In-Vesscl
Duration {Hours) 05 15 30 100
Noble Gases™™ o.as nes o n
Halogens o.os 02s 030 oo
Alkali Metals 0.0s 020 03s o
Tellurium group o 003 025 0005
Barium, Sirontivm 0 (1] ol []
Noble Metals 0 00015 00025 L
Ceriam group o 0.0005 nns o
Lanthanides 1] 00Kz 0.005 o
*Vilues shown are fractions of care inventory.
** See Table 3B Tora |ul|nged the elements in each group
*** Gap release is 3 percent if long-temm fuel cooling &= maintained.
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TABLE 1
TABLE L Physical Conditions Common to All Spray Experiments
Physical Conditions Commeon to All 5 E: rl d
oz - e b Volume above deck Including drywell | 21 005 £ 505 m?

Volume above deck including drywell | 21 005 £t* | 505 m® Surfacs area above deck inoluding
Surface area above deck including drywell 6 140 n* 569 m*

drywell 6 140 f1° 569 m® Burface area/volume 0.293/t | 0.958/m
Surface area/volume 0.203/ft | 0.958/m Cross-section area, main vessel 490 1t* | 45.5 m*®

=
Cross-section area, main vessel 400 1t* | 45.5 m? Crons-sastion ares, drywall 05 £t 8.8 m*
Cross-section area, drywell 95 nt*® 8.8 m* Volume, middle room 2 088 ft? 58 m?
Volume, middle room 2 089 ft? 59 m? Surface area, middle room 1 363 #t* 127 m?
Surface arca, middle room 1 363 £t 129 m?* Volume, lower room a3 384 12 86 m?
Volume, lower room 3384 01° o6 m? Surface area, lower room 2 087 1* 191 m*
Surface area, lower room 2 067 ft* 191 m*® Total volume of all rooms 26 477 1t T51m
otk vl of all Focis 26 477 ©t? 751 m? Total surface area, all rooms 9 560 t* 888 m*
Total surface area, all rooms 0 58O ft*? 888 m* Drop fall height to deck 33.8 ft 10.3 m
Drop fall height to deck 32,9 £t 10.9 m Drop fall height to drywell bettom B60.5 ft 16.4m
Drop fall height to drywell bottom 605t | 16.4m Surface coating All Interlor surfaces coated with
Surface coating All Interior surfaces coated with phenalic paint*
phenolic paint® Thermal Insulation All exterior surfaces covered with
Thermal insulation All exterior surfaces covered with 1-in, Fiberglas Insulationt
- b
1-in. Fiberglas insulation *Two coats Phenoline 302 over one coat Phenoline 300 primer,

“Two coats Phenoline 302 over one coat Fhenoline 300 primer.
‘The Carboline Co., §t. Louis, Missouri.

by = 0,027 Btu/(h 1t*) (° F/It) at 200°F, Type PF-015, Owens-
Corning Fiberglas Corp.

The Carbaline Co., St. Louis, Ml.nsom-l“
Bk = 0.027 Btu/(h ft¥) (" F/1) at 200° F, Type PF-615, Owens-
Corning Fiberglas Corp.
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CSE TOERBTOFRGELLTIZRT,

TANLE®
Experiments] Conditices —C3K Juray Tesls
- Hua Foin L g Bus Tein Fun
A-3 A4 A-§ A-T A8 A
Atmeaghers T e [ aw s-m alr nmn— wir s.-u:-.n Hthamm-air |
Temparature, °F " Lt J :ﬂ
Prasaurs, pals we [ oms

Geometric .l..ﬂl'ﬂ Seviation, o
Ii ! Iﬂ M\ L3 p S
Lit] nm mn e ) 2090 L 1300

. | "

Numsber of moeien
Spray vate, (al/min
Total spay vamme, gl

Spray nalutitn Lt

*hpraying Exotome Ca, 3/4 703, kil eene.
tBpraying Systems Ca, 3/8 A0, hellow eome
*Spraying Systarss Co. 374 A50, hellow one
Mans madian damster.

Fh, ZORGTHBELNEAT LA HEOFERELTIZRT,

TABLE IX
Summary of Initial Spray Washoul Coeffirients

"52% ppm boron as B DOy in M0, ¢H 8.8
13000 ppm boren as HyBOy n N0, (8 8.0
3000 pprm boron s B2 B0 uu—uuulnn waber pi B

3¢ Observed, min™'*

lodine on Total
Run | Elemental ||Particulate | Charcoal | Inorganich
No. Todine Todine Paper Todine

A-3 0.126 0.055 0.058 0.1256
A-4 0.485 0.063 0.43
A-6 0.330 0.32 0.154 0.31
A-T 0.315 0.31 1] 0.20
A-8 1.08 098 0.350 0.96
A-0 1L.20 L18 0.548 L14

*For first spray period, eorrected [or natural removal on
vessel surfaces.
*Includes iodine deposited en Maypack fnlet.

IOBRENL, RERVEAZZELEZETHABEERE L7244, A6
BEUA-TTO” Particulate Iodine” MiFRZLET 3 L. HHlom
BET—8BLTED., kEhBRALTWRY, ZhicHL., 27 LA
BrEEAE /P E LA T, MEREAT LA BFEEMELTWSZ
Ldibha,

the Containment Systems Experiment”  Nuclear Technology

Vol. 10, 1971 )

CSE TOERB TORMFRELITIZNT,

TABLE 0
Brpertmentz] Conditions—C5E Spray Tests

Fun fum Run Run Ban Run

Al A-d -t A-1 A A
Atmesphere | Alr Sesmiie | Seamests  Stwmais o
Terparatsre, °F T T e o
Pressurs, psis 146 | 146

Wezzlo type
Drep MMD, p* 1210 1!!0
Geometric standard deviation, o
Humber of norzles 3
D ]
Bpeay rate, gal/min 124 4“ t n ﬂ
TD:I:'IY wpray Flw . Eal 510 1350 1980 mo 020

. T
spray salstizn . [T i A

525 ppm boren as HaDO, in NaOH, pH 0.8,
3000 ppm baron as H.BO, in NaCH, pH 8.5,
23000 ppm boeon 33 BaBU; iz demineraiised water pf 8.

=Epraying Systeme Co. 374 V03, full cond.
*Spraylng Systens Co. 3/8 AZD, hallow oo,
“Gpraying Bystems Ca. 3/4 ASD, hallow eome,
3Masa median dlameter,

e, ZOEKTBLONEAT LA BEOFBREZLUTIZRT,

TABLE IX
Summary of Initial Spray Washoul Coefficients

As Observed, min™'?

Todine on Tatal
Run | Elemental { Particulate]| Charcoal | Inorganick
No

Iodine Iodine Paper Iodine
A-3 0.126 0.055 0.058 0.125
A-4 0.495 0.277 0.063 0.43
A-6 0.330 0.32 0.154 0.31
A-T 0.315 D.31 0 0.20
A-8 1.08 0.99 0.365 0.96
A-9 1.20 L.15 0.548 L14

"For first spray period, corrected for natural removal on
vessel surfaces.
bIncludes iodine depesited on Maypack inlet.

IOFERNE, RERUVEAZE(LESHTHBEER L= A4, A-
6 R A-T T®” Particulate Iodine” OFERL T3 L, ¥ED
@WET-HLTEY, KER\|FELTWRY, ZhizHL, 27
AREENEL LIZ A8 T, 3BLUEAT LA BHEEMELTVS
ZEBbha,
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so-called "quench” lemperature, Al lemperatures below this quench temperature the kinetics of
gas phase reactions among CO, CO,, Hy, and H,0 are loo slow 1o maintain chemical
equilibrium on useful time scales. In the shamp drop ereated by the water pool, very
hot gases produced by the core debris are suddenly cooled 1o temperatures such that the gas
composition is effectively "frozen” at the equilibrium composition for the *

so-called “qucneh“ temperature, Al temperatures below this quench temperature the kinetics of
gas phase reactions among CO, CO,, Hy, and Hy0 are too slow 10 maintin chemical
equilibrium on useful time scuies. In the sharp temperature drop created by the water pool, very
hot gases produced by the core debris are cooled 1o such that the gas

Experimanial evidence suggest that the "quench” temperature is 1300 1o 1000 K. The value of
the quench temperatisre was assumed 10 be uniformly distributed over this range for
the calculations done here.

(6) Soluie Mass. Thmuflnlmlntﬂﬂpﬂlmﬂlyiumdﬁmmlﬂmmm
has not been d carefully in the experi done to date. It is assumed here that the
hpﬂmmof!htMnmhwmnlymmmwwdhlooswh‘m
Hy0) = -3.00 to In(100 gfkilogram H,0) = 4.61.

- The volume fraction of suspended solids in the water
m-ﬂnimmm on the facilities for rep g the water,
lhilvﬂumfnnimwﬂhcwvuthrp_ Mud:lllnﬂlhlefnfmmdym,m
limited 1o volume fractions of 0.1. Consequently, the volume fraction of suspended solids is
taken to be uniformly distributed over the range of 0 10 0.1.

(8) Density of Suspended Solids. Among the materials that are ’pnwdlnlnlk:upllu'
suspended solids are Ca(OH), (p = 2.2 glem?) or $i0; (p = 2.2 glem’) from the concrete and
UOy(p = 10 lem’) or ZrO, (p = 5.9 glem”) from the core debris or any of a variety of
aerosol materials. It is assumed here that the material density of the suspended solids is
uniformly distributed over the range of 2 10 6 glem’. The upper limit is chosen based on the

that suspended U0, will hydrate, thus reducing its effective density. Otherwise, gas
sparging will not keep such a dense material suspended.

® Wﬁ The surface tension of the water can be increased or decreased

di itude of the change is taken here 1o be So{w) where § is the
wﬁnlrmumdmndmnlm. The sign of the change Is mken 0 be minus or plas
depending on whether & random variable ¢ is less than 0.5 or greater than or equal to 0.5,
Thus, the surface tension of the liquid is:

o(w) (1-5) for e <05
ofw) (148) for € = 05

where o(w) is the surface tension of pure water,

(10) Mcan Acrosol Paricle Size. The mass mean panicle size for acrosols produced during
meltfconcrete inleractions is known only for situations in which no water is presenl. There is
mmmhdkwmﬂmnmda-ﬂlummﬂawmmtpmm Examination of
acrosols produced during shows that the primary particles are about
Glgnmdum Even with a water pool present, smaller particles would not be expected.

ly "frozen” at the equilibrium composition for the “quench”

£%1-1 NREG/CR-5901 DR |

so-called “queach” temperature, Al tempormtures below this quesch temperature the kinetics of
pas phase rcactions amoag CO, COy, Hy, end Hy0 arc too slew to mainmin chemical
equilibrium on useful time scales. In the sharp temperature drop created by the water pool, very
hot gases produced by the core debris are sedderly cooled to temperatures such hat Ihe gas
composition is effectively *frozen® at the equilibrium composition for the “ouench” temperatare.

Expemnmm evidence snggnst that the "quench" temperature is 1300 1o 1000 K. The value of
the quench temperature was assumed to be uniformly distributed over this range for
the calculations done here.

(6) Solute Mass. The mass of solules in water pools overlying core debris
has not been fully in the experi done 1o date. 1t is assumed here that the
logarithm of the solute mass is uniformly distributed over the range of In((L05 plkilogram
H,0) = -3.00 to In(100 g/kilogram Hy0) = 4.61.

(7) Volume Fraction Suspended Solids. The volume fraction of suspended solids in the water
poal will increase with time. Depending on the available facilitics for replenishing the water,
this volume fraction could become quite large. Models available for this study are, however,
limited to volume fi of 0.1. Consequently, the volume fraction of suspended solids is
taken to be uniformly distributed over the range of 0 to 0.1,

(8) Density of Suspended Solids. Among the materials that are ::!ucclu! 1o make up the
suspended solids are Ca(OH), (p = 2.2 glem’) or §i0; (p = 2.2 glem’) from the conerete and
UOy(p = 10 glem®) or ZrDy (p = 5.9 gfem?) from the core debris or any of a varicty of
aerosol materials. It is assumed here that the materinl density of the suspended solids is
uniformly distributed over the range of 2 to 6 glem”.  The upper Hmit is chosen based on the
assumption that suspended UO, will hydrate, thus reducing its effective density. Otherwise, gas
sparging will not keep such a dense material suspended.

. The surface tension of the water can be i d or

idence suggest that the "quench® lmunlnnls 1300 to 1000 K. The value of

the quench tary was d 1o be wniformly 4 over thit temy mnge for
the calculations donc here,
(6) Soliz Mass. Tr:mo!mlmlnvm_erpm ying core debris

has not been in the dene to date, It is assumad here (hat the
logarithm of the solute mass is wniformly disiributed over the range of In(0.05 g/kilogram
Hy0) = -3.00 to Is(100 g/kilogram Hy0) = 4.61.

™ ¥elums Fraction Susperded Solids. The volume fraction of suspended solids in the water
pool will increase with lime. Depending on the avallable facilites for replenishing the water,
this volume fraction could become quite large. Models available for this stody are, bowever,
Timited to velume fractions of 0.1. Consequently, the volume fraction of suspendad solids is
aken to be aniformly ﬂ'sirihllnd over the range of 0 to 0.1,

L] Emmx.ﬂw Among the materials that are ex
suspended solids are CafOH)y (p = 2.2 g/an’) or Si0y (p = 2.2 glem’) from the concrete ard
U04(p = 10 g/em®) or Zr0, (p = 5.9 p/em’) from the core debris or asy of @ variety of
setoso] materials. i is assumed here that the matesial density of the suspended solids is
uniforrely distribated over the range of 2 1o 6 glem. The upper limit is chosn based on the
assumption thet suspeaded U0, will hydmte, thus reducing ils effective density, Otherwise, gae
sparging will sot kecp such a densc material suspended.

1o maks up the

(9) Surface Tension of Water. The serface tension of the water can be increased or decreased

@)
by dissolved materials. The ma,gmtude of the change is taken here to be Se{w) where § is the
weight fraction of dissolved solids. The sign of the change is taken to be minus or plus
depending on whether a random variable € is less than 0.5 or greater than or equal to 0.5,
Thus, the surface tension of the liquid is:

ol(w) (1-5) for e <05
o=
alw) (1+5) fore =05

where o{w) is the surface tension of pure water.

dissolved reaterials. mmhmdmr&nnBHMMmthﬂmMSi!ﬂc
weight fraction of dissolved solids, ‘The sign of the change is takea o be minus or plus
depending on whether 3 random varishle € it less than 0.5 or greater than or equal to 0.5,
Thus, the surface tension of the liquid is:

afw) (1-5) fore <05 |
a{w) {1:5) fere = 05

L

where o(w) is the surface (ension of pure waler.

(10) Mean Aerosol Particle Size. The mass mean purﬂcl: size for aerosols produced during
melt/concrete interactions is known only for situations in which no water is present. There is

reason to believe smaller particles will bc produce.d if a water pool is present. Examination of
during mel shows that the primary panticles are shoul

(10) Mean Acrosol Pagicle Sizg. The mass mean particle size for aerosols produced during
melt/concrete intzractions (s known only for sitsatioas in which no waler is present, Thewe is
resson to believe smaller particles will be produced if 3 water pool is present.  Examisation of
acrosoli produced during melth iors shews that the primary particles are abost
0.1 ymin diameies, Even with a water pool present, smaller particles would not be expected.

0.1 pm in diameter. Even with a water pool present, smaller particles would not be
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Consequently, the natural logarithm of the mean particle size is taken here 1o be uniformly
distributed over the range from In (0.25 um) = -1.39 to In (2.5 um) = 0.92.

oy

Consequently, the natural Jogarithm of the mean particle size is taken here to be uniformly
distributed over the range from In (0.25 pm) = -1.38 1o In (2.5 pm) = 0.92.

Ouuaqnlig. the natusal Jogarithm of the mean particle size Is whkes here © be uniformly

(1) Geometri c ’ ion. The acrosols
dmmmmmimmmmnhnw“mm
standard d ibutions in cases with no

mmmmlém“ Anmmwhmmwmm
deviation is positively correlated with the mean sire of the aerosol. Proof of this correlation is
dlfﬂwhbmﬂmdhmﬂmllmﬂnhmmww
standard deviati wi!ibc u| i mlhmprum. lthunhlely

that data will ever be availabl ion. The g
ﬂuﬁummumwwkmrwnlyﬁm”wwun6»32 Any
Jation of the g standard deviation with the mean size of the acrosol is neglected

(12) Acmosol Material Density. Early Inlhmmni’mﬂbﬂllnwwdmudﬂlmﬂ.
I'.lolwllllllullll&uil.yuflmﬂlﬂpcm’ is the predominant acrosol material. As the
mﬁmm,muaarim,mwwmimmwmnlm
5.5 g/em” and condensed concrete decompusition such as NayO, l(gO. ALOy SrO,
wm-immmuinmmm'mmmm acrosol species. Conden

mmﬂmw&lhw“mm%mﬂm
Ci of lired fals also i the ion of the densities of
materials that make up the acrosol. As a result the material density of the aerosol is considered
mn mmmmmmmmorqunmmun

I d over the range of 1.5 to 10.0 glem?,
Note that the mean acrosol particle size predicted by the VANESA code [6] is correlated with
the particle material density to the -1/3 power. This corrclation of acrosol particle size with

particle material density was taken 10 be 0o weak and insufficiently supported by experimental
vidh 1o be in the inty analyses done here.

(13) Initial Bubble Size The initial bubble size is caleulaied from the Daviduwon-Schular
equation.

V”
D, - .[3]‘“ 2
L
where € is assumed 1o be uniformly distribuied over the range of 1 10 1.54, The minimum
bubble size is limited by the Fritz formula 1o be:
D, = 00105 ¥(o, [glp~p )"

where the contact angle is assumed 10 be uniformly distributed over the range of 20 10 120°.
The maximum bubble size is limiled by the Taylor instability model 1o be:
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(11) Geomel 1da . The acrosols produced
during core deln*- to have lognormal size distributions,
Experimentally determined geometric sundatd deviations for the distributions in cases with no
‘anﬂnlmybﬂmnlsmfii An argument can be made that the geometric standard

is positively with the mean size of the aerosal. Proof of this correlation is
difficult to marshall because of the sparse data basz. It can also be argued that smaller
geometric dard deviations will be produced in siwations with water present. It is unlihﬂy
that data will ever be tod this ion. The

of the size distribution is assumed to be uniformly distributed over the range of 1.6 10 3.2. Any

ibuted over the range from In (0.25 pm) = -1.30 0 1n (2.5 pm) = 0.92.

(11) Geometric Stand; ey Y e i jon. The seroscls produced
d-m; core duthmm Inlulr.th.m au: mutnd w0 havc lqgmnrul slre dsrbutions,
vandard d for the in cases with no

mmpucnlw;mwmlomn. An argument can be made (hat (he geometric tandard

deviation it positively correlated with the mean sire of the aerosol. Proof of this cormelation is

dm’mhmmnull mnrmmmm It can also be argued (hat smaBer
standard d il be p d in situations with water present. 1 is unlikely

:mmwmmumnun this The g standard de

of the size distribution is assumed mbnaufnrmyd'm‘htdovcﬂ»mpdl 6103.2. Any

correlation of the geometric standard deviation with the mean size of the aerosol is negl

(12) Acrosol Material Density. Early in the course of core debris interactions with concreie,
U0, with a solid density of around 10 glem® is the pmsominnn: aerosol material.  As the
interaction progresses, uxklc: of iron, with ities of about
5.5 glem® and condensed p of decompasition such as Nay0, K;0, Al,0y 510,
and Ca0 with densities of 1.3 to 4 g/em? become the dominant aerosol species, Condensation
and reaction of water mﬂl the species may alier the apparent matmnl dcnsil:cs

1| ion of jals also pli the iction of the of
materials that make up the aerosol. As a result the material density of the aerosol is considered
uncertain. The material density used in the calculation of acrosal trapping 15 taken to be an
uncertain parameter uniformly distributed over the range of 1.5 to 10.0 glem?.

Note that the mean aerosol particle size predicted by the VANESA code [6] is correlated with

the particle material density to the -1/3 power. This correlation of aerosol particle size with

particle material density was taken to be oo weak and insufficiently supported by experimental
id 10 be id in the lyses done here.

(13) Initial Bubble Size. The initial bubble size is calculated from the Davidson-Schular
equation:
L 7
fdl)
% £
where € is assumed to be uniformly distributed over the range of 1 to 1.54. The minimum
bubble size is limited by the Fritz formula to be:

D, = 0.0105 ¥[a, /e(p,-p 1"

where the contact angle is assumed to be uniformly distributed over the range of 20 to 120°,
The maximum bubble size is limited by the Taylor instability mode! 1o be:

of the g witk the mean size of (he acrosol is aeglectod

} Asrol Material Dengity. Early in the course of core debris interactions with concrete,
Ut}, with & solid dersity of arcund 10 glem” i1 the predomirant asrosol material, As the

imeraction progresses, oxides of iroa, and with of zbout
5.5 glem’ and condenied products of i ition such as N3,0, K,0, ALO, Si0,,
and Ca0 with densities of 1.3 10 4 gicm become the dominam aeroscl aeroscl species.  Condensation

ard reaction of waler \vllh the gpecies may aler the apparest material densities,
Coagg] of also e pradiction of he densitics of
materials that make up the serosol. As a result the materal density of the aerosol is considered
uneriain. MMwﬂﬂhulqmlnudcuhHmnfmmuulﬂmlzln
d over the range of 1.5 1o 10,0 glen?.

Note that the mean aerosol paricle sizs predicted by the VANESA code (6] is comrelated with

the particie material density 10 the -1/3 power. This correlation of aerosol particie size with

particle material density was taken to be too weak and insufficiently supperied by experimental
1o be in the y analyses done here.,

(13) Initial_Bubbls Size. The inmitml bubble size is calculated from the Davidson-Schular
equation:

w e
L '[2] L..
. I
where € is sssumed to be oriformiy distibuted over the range of 1 to .54, The minimum
‘uibble size is limiked by the Fritz formula to be:
D, - 00105 Tlo, lslp;-p 1"

where the contact angle it attumed 1o be uniformly dintdibuted over (he range of 20 10 120°,
The maximum batbie size is limited by the Taylor instability model 1o be:
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Aerosols in the RCS

The experimenters comchude that spherical paricles of around 0.0 w 0.3 o formed (though their

comyp then these d giving nse to a mixture of compact parncles

betwesp 0.1 and 3.0 i size a1 the powt of measuremenr. The composition of the parmicles was fovad 1o |

be dowumaed by L. al and U while the Cs and S wbss contrbutions remained constant ind very simular 1

i s, LY was relatively minor in the first hour & 1560 K evolving 1o be the man contrbutor in the thard

{very approsimately 42 % 1126 %6 Sn. 33 % C), Neither break down of composition by particle size nor |
h 1

il size was

9212

Funher iteresting measurements for purposes hete were six isokinetic, sequentinl, fillered saples located
about 13 m from the bundle wllcl I.'Itw were used to follow the evolution of the acrosol composition awd
1o examine particle size | milaese analyses the anthors state that particle geometrical-mean
inmeter varsed over the toas of the fivst filter due 10 it bemg early with respect
to the nwin ransiest gives 3126 ) while sandard devianon flncmated berweea 1.6 and
2.06. T the images of filer deposits needle-like forms are seen. Tuming to compesition, if the first filier
somple 13 elunimated and “below detection luwit”™ is wken o zevo, for the stucuml components ad
volatile fission prodogts we have in fenns of parcentages the values given in Table 9.2-1

9.2.2 Aerosols in the containment

9.2.2.] LS LD

The acrosol sire distnbutions were fairly Jognonmal with an average size (AMMD) in FPTO of 2.4 jum at
thie end of the 5-hour bundie-degadation plose growing to 3.5 [ before stabilizing at 335 | serosol

size in FPT1 was alightly | - e LR dismeter (dso) of paricles in
FPT1 was seen 1o be berw 0.63 ] bL—’tI uqu of o deposit is shown i Fig- 9,2-2, In both
tests the 2 1c standard d of the log 1bution was fanty constant at 2 valise of around

2.0. There was clear evidence thnr aerosol composition varted very linle a5 a fimction of panticle sze
execzpt for the late sernhnge phase of Lh: FPTL tesi: dunng le penod. the uuallest paricles were fouud to

be h In temas of ch Xerav were nsed on some deposits and there
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.27 Aerasals in the RCS
2211
The cxperimenters conclude that spherical pnmclcﬂ of l'll'l'!ll!'id 01 to 03 pm formed (though their

tion was nol esmblished) then these d giving rise (0 o mixture of compact particles

between[lh | and 3.0 pmiin size at the point of measurement, The composition of the particles was found to

be domm wand U: while the Cs and Sn mass contnbutions rermamed constant and very simlar

in mass, U was !clamcly minor in the first hour at 1860 K evalving to be the main contributor in the third

(very approximately: 42 % 11, 26 % Sn, 33 % Cs). Neither break down of composition by particle size nor
| size i was 1

9212

Further i fox es hére were six i I, fliered samples located
about 13 m from the bundle outlet. Thess were used o fillow e evolution of the acrosel composition and
to examine particle size (SEM). Based on these annlyses the authors state that parmicle peometrical-mean
diameter voried over the range{( 290056 pum Jelimination of the firer filter due to it being early with respect
10 the main tansient gives the mnge (320,56 um) while standard deviation fluctimted between |6 and
206 In the images of filier deposits needle-like forms are seen. Tuming o composition, if the frst Glier
sample s climinated and “below detection limit” is taken as zero, for the structural components and
wolatile fission products we have in terms of percentages the values given in Table 9.2-1

922 Aerosols in the comtainment

9.2.2.1 | PHEBUSIP

The acrosol size distributions were fairly lognormal with an average size (AMMD) in FPTD of 2.4 pm at
the end of the S-hour bundle-degradation phase growing to 3.5 pm hn:rurc stabilizing at 3.35 um; acrosol
size in FPT1 was slightly larger at between 3.5 and 4.0 pm, G nean diameter (dyg) of particles in
FPT1 was scen o be bc:wc:n!nSnml 65 @: SEM image of a depor shown in Fig. 9.2-2. In both
tests the peomerric standard deviation of the lognormal distribution was fairly constant a1 a value of around
2.0. There was clear evidence that serosol composition varied very litle as a function of particle size
cxcept for the late scitling phase of the FPTI test: during this period, the smallest particles were found 1o
be cesiumerich. In 1erms of chemical speciation, X-ray techniques were used on some deposits and there
also exist many data on the solubilitics of the different clements in numerous deposits giving a clue a5 to
the potential forms of some of the clements. However, posi-test oxidation of samples cannot be excluded
since storage mncs were long (months) and the value of ing on potential sp on the basis of
the: availuble i is debatable. Nevertheless, there is clear evidence that some elements reached
higher states of oxidation m the continment when compared to their chemical form in the corcuit.

8% 1-2 "State-of-the—art Report an Nuclear Aere
NEA/CSNL/R(2009) 5 oo b B B RS oo gt

821 Aerosols in the RCS

2200

The experimmenters conchide that spherical particles of around 0.1 o 03 pm formed (thongh their

uposition Wis not blished) then ihese aggl ated giving rise 10 4 mxnire of compact parnicles
between n size af the point of peasurement. The composition of the particles was found to
e donmmnated by Cs, So and U: while the Cs and Sn mass contributions remained constant and very siuiilar
1 mass, U7 was relatively munor in the frst hour o 1860 K evolving to be the mam contributor in the third
{very approximately: 42 % U, 26 % Sn, 33 % Cs). Neither break down of composition by particle size nor
statistical size mformation was meastred

Further mteresting measwrements for purposes here were sty isokinetic, sequentinl, filtered samples located
about 13 m from the tundle outlel, These were used to follow the evolution of the aerosol composition amd
to examine particle size (SEM). Based on these analyses the anthors state that particle geometrical-mean
diameter varied over lhrmll[:\'ic].unmﬂllmufﬂ!r furst filter due 10 it being early with respect
1o the mum wansient gives the vange 0.32-0.56 wm) while standard deviation finctasted between 1.6 and
206, In the images of filier deposits peedle-like fonms are seen. Tuming to composition. if the first filter
sample is eliminated and “below detection linit” is taken as zero, for the smemiral components and
wvalatile fission products we have m terms of percentages the valnes given m Table 9.2-]1

822 derosols in te containment

$:2.2.1 |PHEBUSFP

The aerosol size distributions were furdy lognormal with an average sie (AMMD) m FPTO of 2.4 pm at
the end of the S-hour bundle-degradation phase growing to 3.5 pum before stabilizing st 3.35 pun: aerosol
size 1 FPT1 was shiglily lager al berween 3.5 and 4.0 pm. Geometric-mean dinmeter (dse) of particles i
FPT1 was seen to be between a kl—.\{ II]IEFE of a deposit s shown i Fig 2.2-2 1n botl
tests the g ic standard deviati ai'lhe ibution was fiirly constaut ot a value of around
2.0, There was clear evidence that aerosol composition varied very little as a function of particle size
except for the late settlng pl.lm.r ul'!lu FPT1 test. during this period, the smallest purticles were found to
be cesimm-rich. In tenms of J Xeray tech were nsed on some ctr:posns and there
also exist many data on the solubilities of the different elements in nmmerons deposits giving a clue as o
the potential forms of some of the elements. However, post-test oxadation of samples cannot be exclinded
since storage times were long (months) and the value of speculating on potential speciation on the basis of
the available informntion is debatable. Nevertheless, there 15 clear evidence that some elements raached

lugher states of in the when A to their | form i the cureuit.
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2.2.2[ Meadow grass and crops |

Matid! iodide

There are fewe

a for methyl sodide than for elemental iodine, bt all the dafa mdicate that
it is poorly absorbed tation, such that surface resistance is by for the dominant resistance

component, The early data have been reviewed clsewhers (Underwood, 1988, Harper of of, 1904) and

o

antial body of new data i available. The measuzed values tange Detween 107 and 10 m s

approximately. Again, there e no strong reasons for taking r, to be a fanction of windspeed. so it is

recommnended that v, & be o condtant, Based on the dted data available. the “best fodgamnent

valte of v 15 taken s and 1l *conservative’ value a5 107 m 5™, Where there is uncertainty

w10 the chameal spe w hodite, it is ¢le fest to anstne that if is all in elamental fonm from

the viewpom! of making a conservaiive estimate of deposition flux

223 Urban
Mertin fodide
There appear 1o be no data for the depos
ill be

of methyl indide 1o building surfaces

witon velocit ses and chem

v m

o (1

anface, for whach spec case, For vegstation

within the whan area (lowns and parks etc), it is recommended that the va for extended @rass

nfices be used.
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