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AR LBV H=TE
1. AARYAAAS HE=o BE

7} = AYE

= oW == (Gap Release), siddzs &0l <t ®&(Meltdown

Release), ¥Atz F&o|A9] ¥ WE(Vaporization Release), ZZo] ogt Aelt&
(Oxidation Release)9] Ul 7IA] REZ U 4 o} sidgs &0 o AZIAWE=
o ¥EE2 =&, ttawr, A ¥eE, 98 d4k=(Fuel Burn-up), i<l =
(UO,, MOy) ¥ dFAHSolid Fuel, Debris Bed, Molten Pool) 5o whet =2bxict,

AFAWEEY daed H=UES ddes OEA(Cladding)’t &= AS %,
Az g BEE 7IAVE YEEE AS Tt g8 SREEs 2EYSE,
IS, OEAe 224, 7R FAd Tt 2AYS. detRog e o EA1Y 2=t
1033~1366 K AtolofA &gHttal dfA o}, (=050 F7hE foiMe UEd
(Release fraction)y} ¥WtARE-&(Escape fraction)?] & 71HA] &S 1843t @52 &
U0, Ae2RH 7|A2 YEE= 282 Toty, YARE &2 mufso] mdElS F4%
oA AAl2 HALE = FeS Tt WASH-14000] ©t=® E2/d7|A(Noble gases),
27 24 (Halogen metals), &Ze] &4 (Alkali metals), &¢Z2] E&4(Alkaline earth
metals), BFF(Tellurium) 5o T} YEFes % YARZ=E0l a2y, FA 5 U&=
S oF 0.0001%(Alkaline earth)o]|A] 5%(Alkali metal) =2 AA|5taL QITt.

sz 880 ofst AMBAMYLO] WEFL AMARBO| e8I} ASSIUA Sl
Lo, 3717F B3, dAzgel mwso] We AR £7] 8§ Ao o WaHch
WASH14000] ©t=2H E47]|A|(Xe, Kr)= 50~100%, &=270(I, Br)2 50~00%, &2
2£(Cs, Rb)2 40~90%, &7Ze] EZ4(Sr, Ba)2 2~20%, B2&(Te)2 5~25%, 8|&d =
4(Ru, Rh, Rd, Mo, Tc)2 1~10%, H=45(Y, Np, Pu)e= 0.01~1% Jxo HEF&3

AlaL det
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- The Electric Power Research Institute(EPRI) and Battelle Columbus
Laboratories(BCL) experimental program: O]=0J|A] 1982-19860] £~33%]ict.
EPRI/BCL L2 Iae MAHA wig A|Yshy] 93 dlolg) WS 2Lz 519
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- The Generic Electric(GE) experiments: 1980\t & 0|=Zoj|A] 4389ty 2 =
2aee madol sejstel @40 ool MAALe] ARS ABRE slgiT)

- The SPARTA(Suppression Pool Aerosol Retention Test Apparatus)
experiments: o|&2]o} ENEA-CRE Casaccia A-1A0A £38iE]o] 199240 Z=A]
Holot AArEe 452 #5802 sl

- The Japan Atomic Energy Research Institute(JAERI) program, JAERI and
EPSI(Experimental Facility for Pool Scrubbing Investigation, capable of
operating at high pressure): 7|&ZA°9l pool scrubbing HAHUZ ARAIS FEA
o2 3ttt 1Y 1 £710] pool scrubbingd] UJX]E H&FS ZASHIC.

- The LACE-Espana(Light Water Reactor Advanced Containment Experiments
completed in Spain) experiments: 1990-1992" An|Ql ot=2]=9] CIEMATOfA]
AogElgich. AIGALTL olol2F SA12 Y JPY 08 R RS OEt o)E
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AQA9] PSI(Paul Sherrer Institute in Villigen)oj|A] 1980\ T oA 1995E7t
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Phebus-FP dd2 AYAE0 EFsts tifwe] dAte2 +2Ae Alojs 22U AL
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wxoH £Q3 8%, o7t o] Tel o] 2AST} s}sta Al
o

dl. 0]=°] NUREG-1465 B¢ H7}
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wr} o
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o

NUREG-1465= 1A% alaizo] ALufAMYato] 714 o 9
2 JhsAut ofologio] atelA Aol tiEiAs gy 712ARS 1eisior Bt
7@t Qtk. u]=9] Mcjol =+ ¥4 (Sandia National Laboratories: SNL)
= SARs ARE Ao st YAIYES MELCOR 1.8.58 243 Axt

mlm rlr rr
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g} QUth(Ashbaugh@], 2010). o] Y1 Ao NUREG-1465 A o]& Ao LA
3 Phebus-FP M@tz Ajite] Ane AYHE=o 7|8 ofoleto] AR gl
NUREG-14659] 5% 41} ditido] Q= Ziog dorth TJ2{ut %29 FPT3 A3 ofA
+ o] 78t 2] 7IA| ofo]Ho] th ®EEHIEH T4 sgE 9 et ¥4 =
7 YR st Nla2 /0l £obA] ofo]to] dAadgeiz Wo] Wad Zloz Hold
UoAl= dAtZ FEEHY oot FEie S 7PESE 2 Csltt Qe A2 otdn A
= oMY &4 a2 BT oz ATEHJT. FH, NUREG-1465 HIF o]&
o= A= 20970 A& QA57HS WA =TA NUREG-14659] AIZMHE Tha KH
st 7185 7Rl EIY O9jal FHole 1d4a® HARE Ul=9 #AI7IE 6
GWd/tol] 88 B2 F7hshi

o] H1AofA+= NUREG-1465 YA A0 1ndare HARE =
o] Surry, Zion, Oconee3, Sequoyah & 47l 44
HE5= A4St =, Surry?t Sequoyah AR e]7
MELCOR 1.8.5 ZE2 AASIYT AArZD, 1H4 % (High Burnup: HBU) 3#H
4% (Low Burnup: LBU) 31clgo] o3t 7|35 AAtal NUREG-1465 27
wg ol HBUS LBU WEHES o] Afojnct o 2 zlo2 @adc) o ¥
28719 RCS Ujoll SRad2o o157t NUREG-1465 44 Al AR Zwct of 2

]

. oA AgiER ¥EEEel 9 ASS AlARekL ok Cslbb CsOHO| H]s

™ fu
rO
r>~{
i) J
)
ol
o
2
2,
2 o
e
=
2
S~
Rl
=
oX.

~

Cs:Mo0s0] 4ol ol Cse] RCS U ZH&afo] S7tato] e} Csut ofojole atz
£7], RCS, Ag72Y L2 ojs] 523 A%5S wolxl ¢ =t 18w o £A

NUREG- 1465 ®&£go] 20} ol masolo] 871 W 2 $7] 87] 4
A|4:A17to] NUREG-1465 A|&A[7tECH Al A
42342 B8 & o AAD SAK WU AlRsto] of EAAme o Was /1%
o o|t}. o]& &5 LBUQF HBU ¥w W 5o EH?_ NUREG-1465 1\} Mg ]
Ej=2 ThrX] ®E3stal, NUREG-1465 gFAlo

0

nPA0] AxHIALA YSHReference Source Term: RST)S &yt Zc}. IPSN&

E
19773 WASH-1400 B 149 ®tH=2 o Aprdy, o729 w& 3¢, & S1, S2 ¥
S3g AAIRH vh ek o] A& MUY Al Jie] ALMAL WAZYZAAE wT, A

I 4N 2 ggolats MAVIES ABF AD 1Yol BEX 27510 UrkDelamare
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og x|
- $3: 24412} olYel] 712 (o) WEHE AnES guY

I 3.30] UeRd stet Zo] @70z WEY WARsYF Bt
Aoz AlIALY A4S BlRTh A

H
ARRLEFS] °F 10%, S29] 751 1%, S39] 4% 0
d

AHEE =Y

e S19

S3 AL

3 =

ALY S-S A
oo swy s aven o 83% AR A AL wolA HEE
(Compatible) 7102 nalslo] u]yA o] AgLct, S20] Wals Qe ulgAoR o}
S} Ue mag Aos Fssl Ged WA AsEs 1R S3 oz

Z017] Y Ade AAlsh: 822 AHT

# 3.3 mapro] AxHYFHAIE I F)

“

Elements Represent. S1(%) S2(%) S3(%)
isotope
Noble gas Xe-133 80 75 75
Non-organic 1-131 60 2.7 0.3
iodine
Organic iodine [-131 0.7 0.55 0.55
Cesium Cs-137 40 5.5 0.35
Tellurium Te-132 8 5.5 0.35
Strontium Sr-90 5 0.6 0.04
Ruthenium Ru-106 2 0.5 0.03
Lanthanides, rare
earth and Pu-239 0.3 0.08 0.005
actinides
S1: early loss of containment with no filtration of the FPs released
S2: direct releases into the environment in less than 24 hours
S3: filtered releases into the atmosphere after about 24 hours.
$hE RSN A27to] maw 52 Aatdl 40 Alnge AL YY) 24 BE
(MCCI, o{3puj7])E 2sto] FRYAMALTo] sl AjF7t5oln, HAZ|EAILE WAL
MY FE0] AMol ZFoIA gloy FI1MAr] AT oAl WrhFoltn @
AP 71, 2010). AtnA/jatgoz M= As|Ad Z32/E0 & diPotd
LOCA & A4 T+ MR 27] A, Ae|do] ¥ Z3E disiis A4 U ot
MR £7] Aujg pejolul, WEE 2¥uT LOCAY HRIAPUAT 5 mefgi)
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# 4.1 AFEFEEY A R YE Fehyero] gigh PIRT
Stat ; Status of
atus o
Related L ) Computer X|4 s Further Research
Phenomena ltems . Phenomena Description Experiment N
subject Code - L Needs
al Program .
Modeling
Fission product release from core during accidents involving
meltdown would probably occur more or less continuously until
the system finally cools. During this period, release rates
should vary over wide limits depending on fission product
properties, system temperatures, and the surface to volume
ratio of the molten material. The two major release CORSOR
components are: CORSOR-M
. . Cs, | release models
FP release - Gap release - fission product release which occurs when PHEBUS CORSOR-O ~
. Core heatup . . o . S & FP release from fuel
in RCS the claddings experience initial rupture. It consists mostly of | CORA-13 | CORSOR-B ¢ db
e and burnu
activity that was released to void spaces within the fuel rods OOTH yp P
during normal reactor operation and rapid depressurization of VICTORIA
contained gases provides the driving force for escape.
- Meltdown release - fission product release which occurs
from the fuel while it first heats to melting and becomes
FP release molten. High gas flows in the core during this period sweep
the activity out of the core region.
- ICI tube
failure:
FAl, ‘MAAP(ICI
CORVIS, tube A
o ) ) LHF, rupture, 3 > )
FP release Fission product relases from RCS to containment during RPV o (ICI | Modeling and
. . . . . . KAERI ejection) (ICl .
in RPV failure failure. RPV failure modes can be divided into creep rupture tube | Experiments on the ICI
. . . - Creep ‘MELCOR tube . . .
Containment of RPV and ICI penetration failure. . . . failu | tube failure mechanism
failure: (Failure failure) )
-re
MPA temperature
Meppen, )
RUPTHER,
FASTCHE
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R, LHK,
OLHF,
FOREVER,
INVECOR

ANL/CWTI,
SNL/TDS,
SNL/LFP,

When the molten core and iron penetrate the pressure vessel SNL/WC,

and fall(or run) into the reactor cavity at high pressure of SNL/IET

reactor vessel, the molten corium will result in the scattering Zion,
of finely divided UOy(containing fission products) into the ANL/IET,
atmosphere outside the containment or into the air-steam ANL/U SCE _ _
HPME o . . ] 5t 5t N/A
atmosphere inside containment. In either case, the UO, | Experiment TCE
particles will cool and undergo reaction with oxygen to form | s, SNL/IET
U;0s at temperatures below about 1500°C. The reaction is Surry,
exothermic and is accompanied by release of fission products | FAI/DCH-S
that are volatile under these conditions. pain,
SNL/CE
Tests,
FzK/DISCO
Pipe rupture Fission product gas and aerosol release into containment at A _
S St N/A

& Opening pipe rupture and opening events.

Concrete properties at

SASCHA .
) high temperature
. . . . | NSS series | VANESA i
Continuous gas generation from core concrete interaction will Layer formation of
) . ) ) . TURC CORCON _ . .
MCCI result in an increase in containment pressure, also volatile ot & molten mixture with
. . SURC MAAP .
fission products will be released. corium and concrete
BETA WECHSL . ]
Water ingression and
ACE .
melt eruption
Containment
FP release failure
in Contai t SG tubes can fail due to hot steam from the RPV. SG Evaluation of the
ontainmen
Environment b plenum geometry affects the location and magnitude of hot ANL N/A 5t & environmental hazards
ypass

spot. Pre-existing flaws in the SG U-tubes can affect the SG due to the bypass
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tube failure. SG tube failure results in a direct release of .
scenario
source terms into the environment. Hot steam flow from the . .
. ) Failure mechanism of
RPV can result in a creep rupture of surge line and/or hot

. B . the SG tube
leg. There is a competition between SG tube failure, surge o
. . Aerosol retention in
line and hot leg failure. The aerosols release fron the faulted the SG
e

SG tubes can accumulate on the surfaces of SG tube banks.

Most of the radioactive material that can escape from a
nuclear power plant during a severe reactor accident will do
so in the form of aerosols. Much of reactor accident analysis
is the prediction of the behavior of these radioactive aerosols.
Aerosols are very small solid particles or liquid droplets
suspended in a gas phase. The suspended solid or liquid
particles typically have a range of sizes. Particles may range
in size from 0.01 pm to 20 pm. Aerosol concentrations in
reactor accident analyses are typically less than 100 g/m® and
usually less than 1 g/m® Aerosol particles grow by continued

Aerosol condensation of vapor on the nucleated particles and by the
behavior coagulation of these particles. The natural attenuation of
radioactive material available for release from nuclear power
Aerosol plants during accidents occurs because aerosol particles will
FP transfer . . .
transfer deposit on surfaces in the reactor. Aerosols deposit on

surfaces because they cross stream lines of flow over the
surfaces or because they extend far enough to intercept the
surface even when the particle center of mass is following a
streamline. Van der Waals forces, surface tension forces and
even chemical reactions between particles and the surfaces
can bind particles to the surfaces when the velocity of impact
is sufficiently low, as it usually is.

Aerosol removal in containment spray

Gaseous lodine removal through containment spray is
Washout important removal mechanism. The removal rate can be
(Spray) different according to spray liquid droplet size and settling
velocity, thermodynamic  condition, vapor condensation,
especially chemical reaction.
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When the gases including radioactive aerosols enter the pool
through a vent, the gases leaving the vent form large globules ACE
that break up into a swarm of small bubbles. Several physical EPRIBCL Pool scrubbing
processes are involved in transporting aerosol to the liquid-gas experiments at the
) . SPARTA SPARC .
Pool interface(equal bubble surface) when steam/gas mixtures are = high temperature(pool
) o LACE-Espa BUSCA S 4 o
scrubbing bubbled through a water pool. The decontamination factor of SUPRA and gas) condition
na
aerosols can be calculated in two regions: gas injection and POSEIDO lodine retention in pool
bubble rising regions. The total decontamination factor is N under pH variation
obtained by a product of the values calculated in those
regions.
ASTEC/SO Model improvement on
PHAEROS re-suspension of
. . . : . ARTIST
Aerosol particle dispersion again after precipitating on the PSAEDO ECART aerosol
Resuspension | lower head and wall due to the increment of flow rate, shock STORMIIS ARROS 5t & Experimental data on
or vibration P40 COCOSsYS the re-suspension of
SOPHAER aerosol under severe
0S accident condition
PHEBUS-FP tests show that significant gaseous iodine amount
enters the containment from the RCS during the fuel
degradation. For the RCS, the kinetics of the I-O-H system,
. . ISTP/CHIP
the influence of fission products(Cs, Mo) and Boron(B) on
e ISTP/EPIC
iodine transport has been observed. Temperature and UR
reduction potential influence the reaction kinetics. Studies are PARIS
on-going concerning the potential impact of the control rod
. ) o OECD/NEA
material(Ag, In, Cd). In the containment, The equilibrium STEM
Gas transfer Chemistry between iodine adsorption and radiolytic release by Epoxy OECD/NEA ASTEC
type paint has been identified as a main phenomenon BIP
contributing to iodine volatility. The formation of air radiolytic
; e OECD/NEA
products(ARP) like NO,, O3 or HNO; can oxidize iodine and THAI
lead to 10x particles that sediment onto surfaces.
) ] HYMERS
OECD-STEM project results have shown that I0x deposited MIRE
on the containment dry surfaces partly decompose into volatile
iodine under irradiation. The radiolytic reaction under gamma
rays convert |, into CHsl through the reaction between volatile
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organics and |, which might be the main source of organic
iodides in the long term. Radiolytic decomposition of the
multi-components iodine aerosols could be the main source of
inorganic iodine in the long term. The degradation of I0x by
CO that is produced in significant amount by B4C control rod
degradation may also affect the amount of the gaseous iodine.
Some iodine is definitively trapped on the steel under an
oxidized form (Fel0). However, the l-steel interaction through
adsorption and desorption does not change iodine volatility
significantly. Pre-irradiating an Epoxy paint before adsorbing
iodine leads to an |, adsorption kinetics that is decreased by
one order of magnitude. Based on the observations at
Fukushima, most of the airborne dose was caused by Cs, |
and Te species. Releases seem to be driven primarily by
chemical volatility at a given temperature and reduction
potential within the containment. 133Xe releases were
estimated to be about 80% of the reactor core inventories.(L.
Bosland and L. Cantrel, 2015; CNL submission to SAREF,
2015)

Effect of degraded
paint on volatility of
. lodine and FP
Adsorption STEM2 ASTEC . . .
Radioactivity stability of
I0x adsorbed to dry

wall in containment

Ruthenium behavior
with various
temperature, gas

R PHEBUS composition in RCS
e_
o STEM/STA ASTEC 3t & | surface sample
vaporization . .
RT Fraction of revaporized
Ruthenium

The deposition effect
of other radionuclide
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except for Ruthenium-
Surface analysis of
deposited material
according to the
oxidation degree
Related
Related
i L phenomenon ) ]
Subject Items Phenomena description . phenomenon in 5ex SAMG action
in
. RCS
containment
CFVS(Containment Filtered Venting System) is one of the severe
accident mitigation systems for retaining the containment integrity
by discharging the high-temperature and high-pressure fission .
. . o . Operating strategy
y products to the environment after passing through the filtration Spray FP release in fuel o
CFVS ) . . . & Reflooding in RPV
system. In general, the FCVS is categorized into two types, wet MCCI Reflooding in RPV .
. . . RPV depressuriztion
and dry types. The scrubbing pool could play an important role in
Mitigation the wet type FCVS because a large amount of aerosol is captured
measures in the water pool
Operating strate
Spray FP release in fuel P .g . 9
ECSBS o & Reflooding in RPV
MCCI Reflooding in RPV o
RPV depressuriztion
Mitigation for SG coolant injection
SG tube rupture .
bypass . Turbine bypass steam
. Scrubbing in SG .
scenario dump in SGTR
TID 14844 N/A N/A N/A N/A
NUREG-1465 N/A N/A N/A N/A
Reference
French RST N/A N/A N/A N/A
source term -
Off-site
L N/A N/A N/A N/A
criteria

Z~ 1. CFVS= FCVS(Filtered Containment Venting System)2 %= &2]1 Q)

ot
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H 4.2 oo]2E HE oY ZlsdddE RALE, 58T W ALAQ7LE
RIALE sec (N3 | Od (FHRE =E
ofla A27|7h
HE EA 7|& sot Hl & Bl | 571 | #7I
=2 | U | ¥2 | =2 | B | ¥ | (23 | (3~5 | (5~1 N/A
(=) =) 0 'H)
HHZREE WE D #HE YN AR IE FP YE w,D o o]
i FEEFE Moi8) &4 Y olojl2E § EF ¢E 2Y M w D 0 o
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