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Abstract  [Backgroud] Nuclear safety is the lifeline for the development and application of nuclear energy. In
severe accidents of pressurized water reactor (PWR), aerosols, as the main carrier of fission products, are suspended
in the containment vessel, posing a potential threat of radioactive contamination caused by leakage into the
environment. The gas-phase aerosols suspended in the containment will settle to the wall or sump water through the
natural deposition mechanism, thereby reducing atmospheric radioactivity. [Purpose] This study aims to improve the
low accuracy of the aerosol model in the ISAA code by developing high-precision natural deposition model of
aerosol in the containment. [Methods] Firstly, the aerosol dynamic shape factor was introduced to correct the natural

deposition rate of non-spherical aerosols. Then, the gravity, Brownian diffusion, thermophoresis and diffusiophoresis
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deposition models were improved respectively. Finally, AHMED (Aerosol and Heat Transfer Measurement Device),

ABCOVE (Aerosol Behavior Code Validation and Evaluation) and LACE (Light Water Reactor Aerosoal

Containment Experiments) experiments were employed to validate and evaluate the improved ISAA code. [Results]

Calculation results show that the improved model is applicable to more accurate simulation of the peak aerosol mass

and responding to the influence of the containment pressure and temperature on the natural deposition rate of

aerosols, and the calculation accuracy of the residual mass of aerosols in the containment is significantly improved

simultaneously. [Conclusions] The performance of improved ISAA with high-precision aerosol models of this study

meets the requirements for analyzing the natural deposition behavior of aerosol in containment of advanced PWRs in

severe accident. In the future, further optimization will be made to address the problems found in the current aerosol

model.
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(a) RH=22%, 323.15 K, 0.1 MPa, (b) RH=82%, 300.15 K, 0.1 MPa,(c) RH=96%, 296.15 K, 0.1 MPa
Fig.2 Normalized mass of NaOH aerosol at various thermal hydraulic condidions
(a) RH=22%, 323.15 K, 0.1 MPa, (b) RH=82%, 300.15 K, 0.1 MPa, (c) RH=96%, 296.15 K, 0.1 MPa
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Table 3 Comparing calculated and measured points of AHMED
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Maximum error point Measured value ISAA/relative error / % Improved ISAA/relative error / %
401 7 s,RH=22% 0.511 0.390/23.7 0.456/10.8

340 6 s,RH=82% 0.350 0.275/21.4 0.334/4.57

187 0 s,RH=96% 0.209 0.151/27.8 0.203/2.87
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A NS R . MR 2 RN R4S
(23.3% O) LA 78 R A 2% 7 1E 22 42 58 | )8 R
FUE . TERAE TTIT IF AT, % 4 72 75 2% DR FF %5
5.136x10°s(5.94 d). ABS IR VEAN S AFAE L 5
P,

&4 ABSHLR2ZA[/ESHY
Table 4 Containment vessel properties of ABS test””

7 #5240 Vessel properties {f Parameter 45 #43K [i Surface areas {f Parameter
JR~F H.4% Diameter 7.62m {& 44 H Hat transfer areas ~_F3} 3k Top head 63.0 m
Dimension 34 B Total height ~ 20.3 m 4}k Bottom head 63.0 m’®
AR Volume 852.0 m’ 54 1 Cylinder 394.0 m’
JEE &3k Top head 18.1 mm P #F4H 14 Internal components  232.0 m’
Thickness  “N#f3k Bottom head ~ 18.1 mm SR TR AR 88.2m’
Total aerosol settling areas
[53 #E [} Cylinder 22.9 mm SARIRAT B A 752.0 m’
Total aerosol diffusion areas
5 ABSIK LI &4
Table 5 Experimental conditions of AB5 test””
LK I15 M (e BB AT (=l
Thermal hydraulic condition Parameter Aerosol condition Parameter
WIUH I Initial temperature 302.25K E 3% % Generation rate 445.0 g's™
WU /7 Initial pressure 0.122 MPa % ¥ Density 2.5 gem™
& = Dew point 289.15 K AMMD 0.25 ym
Na B4 % Na spray rate 256.0 g's™ GSD 1.5
Na Wik & Na temperature 836.15K 975 75 )1 Ji 8 EE Maass ratio of aerosol and total 1.74
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Movie Camera
and Mirror

Gas Sample
(Type of 5)
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(-)9.51 m Elev

3 T ABSJH CSTF %452 A A
Fig.3 Arrangement of CSTF containment vessels
for ABS5 test™”
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I P | L3 os o eaannl 2 s o3 aaanl M T
10! 10° 10° 10 10
Time /s

200
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Fig.4 Temperature and pressure in the ABS5 test

DA 1 2 <00 A BN B3 K U TR)AS I 3, £
383 s ik F it K1H 145 kg. ISAA #5005 & 19 n 78
303 sIAFIEAE M 118.73 kg, AHXT IR ZE 18.1%, it J5
ISAA AU 5T & 34 I 7E 353 s ik B WEAE M 130.13 kg,
FIX IR ZE 10.3%0 fEMNZ KJG292 h, TP &
B A B KR 1 1%, 1Z 3 FE TP S IR R 1 T B
5 SIS R — 3. XTSRRI LA, o
i ISAA e 5T I HE A ASE 40U I Ji i o A A~
S, NS KSR G ISAA Ak ISAA FE 405

B MR B A RE R

200

-0- Mass Data
—— ISAA Simulation
— Improved ISAA Simulation

150F

Mass / kg
=
(=]
T

50

1 000 2000 3000 4000 5000
Time /s

5 ABS IR Na A i UM i
Fig.5 Airborne mass of Na aerosol in the ABS test

2.3 LACEXI%

B2 K HE S i 22 4 52 S 56 (Light Water Reactor
Aerosoal Containment Experiments, LACE)"™*/J&— i
AR, B 7R A AR e IR IS RS S
WIEAT N 2 RIS AL HE 22 450 B 15 R 88
A FEAE RO IR AR, 2 st R E KE AR
Ve R R RS . EDEE TR R LK =
CSTF #H4T 1 6 TR IUBL S A o AL EL | LA4
R RVl AR

LA4™ K B T #5400 LWR ™ 5 35 #0b Ji5 # 2%
AERE RN 2 A A . LA IR A H 5 E S
TR AE B ZRIRE AN, R IR e R A s
4T . 6 fon T SLie s 8 rh 5 2 48 Lt HE
SRS FPE N LRI AL B L DL I A BORIA%
HRAEEMNAIE . 7E I BB SR 2 A8 R
RIRE BRIFENFEIR, HRAE LI B DMK T R AR R R
BEM . RIERENE LA T 2525 1 o -1 i
BAMBRATRIBRBMAEN T KRB
J2 38 Ik 7 A3 [0 S 908 4 SR TR R o R 22 11, i
J 53X B8 A AT Ak 2 2 BT DARR S R A A
LA4 35 VRIS B L& 6.

LA4 MG FR AL 7 AL T K 1B B
WFFR:

5 1B B (=3 000~0 s) 52 Pl AR B, K5 7575
TN 28 DO 25 28 10 KSR IR /= 20 70 K 9F
AL TR I ARIRE .

252 B BL(0~1 830 s) /& CsOH ¥ —E NFr B,
CsOH RH R 5K ATEN L ET RS

553 B (1 830~3 030 ) 2 R A VENM B,
CsOH fMnO IR 5 24 RIBATENZ 2T R A

54 EL (3 030~4 812 $) 4& MnO B — 7 A Fr
Bt MnO S R 52 RIR B IEAN 2T K .

050604-8



¥ R 2023, 46: 050604

R6 LANRZERTRBSH™

Table 6 Containment vessel properties of LA4 test™

BIRSH (= GERERIH (=l
Vessel properties Parameter Surface areas Parameter
JR~F H.4% Diameter 7.62 m ] %} 3k Top head 63.0 m’
Dimension MU ¥ Total height 203 m Heat transfer arcas N} 3k Bottom head 63.0 m’
#AF Volume 852.0 m’ [ K% 1fij Cylinder 394.0 m®
R _F#43k Top head 19.3 mm R F 221.0 m?
Thickness Internal components
&3k Bottom head 19.3 mm SIS U B TR 87.8 m*
Total aerosol settling areas
[ #%: 1 Cylinder 16.9 mm MR B AR 741.0 m*
Total aerosol diffusion areas
+11.03-m Elevation
Turbidity/
) Orifice
ocations
Calorimeter = \ FE__
(2 Locations) i[5 To Stack
] o F@]
Scrubber

To Bypass
Scrubber Acrosol |
Mixing

T=C

| —— Turbine Meter

Men) P < | (Typical of 6)
200-mm Window
Cesium Vapor ABTDS‘)? (Typical of 2)
Nitrogen Delivery Pipe P ’j
Steam L
Plasma‘ »~—Droplet Size
Mli;.?'lgal;egse ol - Spectrometer
Powder | — Cascade Cyclone

9P
/ > (o g g
Te
(m] Filter Cluster (6)

TTW Sample Station
(6 Total)

‘Wall Condensate
Collector (4 Total)

Flowmeter
Bd Valve
u Deposition Tray (40)

e
él =

® B
ﬂ o TV Camcra

8— ()78m

(-) 9.30-m
Elevation

6 T LA4 ) CSTF & 234 5™

Fig.6 Arrangement of CSTF containment vessels for LA4 test™”

®7 LA LI HIA F A

5 SBIB (4 812~16 800 )& K Fa s 1, i i 4%
Table 7 Experimental initial conditions of LA4 test

e AR IR 8 VU 2 DG R E AR RS

129

Zqtk ¥4k 46 1F Initial conditions {& Parameter
6 M BL(16 800~36 000 ) &HE M B, T T 5 SAREE Gas temperature / K 315.65

ﬁﬁ%&i%ﬁ E@ﬁk/;h | 7&[:5#?%%%]?%%/—:”2'&&\?# Ejﬁyﬁgwau temperature/K 315.65

V=3 N J= ey . N e

—hljﬁ'j'iﬂo T THE S IR, PR - Ik /7 Pressure / kPa 1070
58 7 B Bt (36 000~342 000 s) & 74 A0B B, 422 1k o

B AN M5 Al MR T o B Sump water mass kg 930

FiE, VAT IS DB LE 2455 B AR U HYT/K R E Sump water temperature / K 315.05

RTHUT LA LIV, 285 BT B
SRR ITE N RRLIE , 42 9 4 H1 T BRI e R

ENERM T A S HL

7 5o~ T FH ISAA 1545 H 1) LA4 IR

FE F17384k . & 8 AR 9 43 5l &7 T T ISAA Al EK
i ISAA 515 B LA4 Ik 22 42 78 K< 4 CsOH
A MnO SRR EIF R . fESLIRHII , 22 458 T
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Table 8 Experimental conditions of LA4 test” ™"

ST B

747K Steam %A Nitrogen Z < Helium S Argon
Phase
A L % s % L L A
Rate Temperature Rate Temperature Rate Temperature Rate Temperature
/kgs™ /K /kg's™ /K /kg's™ /K /kgs™ /K
H 1M B Period 1 0451 434.15 0.002 7 433.15 — — — —
25 2 B/ B Period 2 0.029 440.15 0.067 0 510.15 0.000 59 510.15 0.000 84 510.15
2 3B/ BX Period 3 0.029 440.15 0.066 0 526.15 0.000 59 526.15 0.000 84 526.15
2 4B B Period 4 0.029 440.15 0.067 0 535.15 0.000 59 535.15 0.000 84 535.15
2 5B B Period 5 0.029 440.15 0.003 7 463.15 — — — —
25 6 [ Bt Period 6 0.029 440.15 0.002 6 433.15 — — — —
HTM B Period7  — — 0.002 2 393.15 — — — —
” e | [ NS
380 o g::;;iﬁ:g?;am“\’\ 35 35F == I;npmvédmluﬂc/l\tb\unSimulaliml
Pressure Simulated 30F
by ISAA :
3.0
< 2 o 23
¢ 258 3 20
g 20 § P s|
= 0.5
1.0 0t
| o
e 0’ 0 10° T
Time /s

E7 LA4 MR

Fig.7 Temperature and pressure in the LA4 test

2210 43 7 25 H LA I i 0 F R0 4% o = R AH
YR ZE . XA AT DL, B0 ISAA 725 44 1t
ST RSOV s VA A B R 22 BE DN, I ELX s
B0 R WS e iR AR T B T SO A B R T
i 40 LA4 94K A, 9256 W & MnO 5% 4 it & N
3.55x10° kg, ISAA B IR AR i B2 7.44%107 kg, 1=
ZEHEIE 20 i, R K Sl 7 A H AR IRR B &
M 0 ISAA FEAUL 5% 4R T 208 6.04% 107 kg, iR 28 K
1.7 &%,

SR MEE A 1 5236 T B 48 BT Lt R B T B
B Bt ISAA £ IR ABADL 7 THI B B fFa . 7E LACE 5K
56 HR S IR AE 22 A e ) R AN iR it A 2l i A
TR BB ISAA B SIE IBOT 1% 75 e 4z il i ik
JEE NS S I 3, — B ) A Ak B RV T W AR A5k

Mass / kg

‘0.

D,

107 L -
10°

10° 10°

10 10°

Time /s

B8 LA4 M CsOH i A i &
(a) -1, (b) BARTFE
Fig.8 Airborne mass of CsOH aerosol in the LA4 test
(a) Early period, (b) Entire period

NSRBI E R LT 0. HE SN R
A SRS FUE T R R, A R T IE i 5oL
A AEIT RS . UL ISAARAS T LA4 IR EAR
TR PE AR TR I 264 S R R &2, S8R
WIRAEHFH i 2225 S E A — 2.
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h @) =} = %f&g?iﬁlllation ]OU (b)
T O AT il B
4 107k
215r 2 07
107k
05F s
107 F
kT BT m%l 0 10 10°
Time /s Time /s
B9 LA4JNE MO AR SAMHIE  (a) 7, (b) Bk
Fig.9 Airborne mass of MnO aerosol in LA4 test (a) Early period, (b) Entire period
9 LAGURSBIRIRREH
Table 9 Aerosol source conditions of LA4 test™"
IR B IZl CsOH MnO
Phase Time/s  AMMD/pm  GSD 3 % Rate / kg-s™' AMMD /um  GSD J# % Rate / kg-s™
B2 78 1.35 1.81 1.024 — — —
Period2 788 0.685
738 1.099
1218 1.082
1698 0.988
1830 0.988
HIME 1902 222 1.80 0.886 243 1.70 0.840
Period3 2112 0.920 0.840
2532 1.002 0.959
2 748 1.033 0.617
2952 0.766 0.631
3030 0.766 0.475
FAMB 3204 — — — 1.82 2.56 0.475
Period4 3438 0.659
3858 1.350
4338 0.782
4 764 0.680
4812 0.573
F10 LA EESNE SR
Table 10 Comparing calculated and measured points of test LA4
T T ISAA LT/ FEAT B 2 SO ISAA B E/ AT 2 22
Measured point Measured value / kg ISAA/relative error Improved ISAA/relative error
CsOH I#{H CsOH peak 3.07 2.64 kg/14.0% 2.84 kg/7.49%
CsOH 74 CsOH residual 1.46x10°° 1.07x10™ kg/73.3 times 2.49x107 kg/17.1 times
MnO 18 MnO peak 2.24 1.82 kg/18.8% 1.93 kg/13.8%
MnO %% 4% MnO residual 3.55x10°° 7.44x107° kg/20.96 times 6.04x107° kg/1.70 times
3 4E FTLACE SZ56 3 sk AR

D S B R 25 (8 T RS IR IR R 7, FE H 5

ASCER RS ISAA R P TR BB AL EA R IO )\ ) By sR i B epr . A EE T BRI, , A 0000
@,Eﬂliﬁﬁé R SR SYTR 2RI B S I AT g BRI IR 2 RS BT SRR 2

HESIR IR H AR TR AL, i B T AHMED .ABCOVE DR ) IR AT B DT AR A A IR
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