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Introduction

O SALUS (Small, Advanced, Long-cycled and Ultimate Safe SFR)

QO KAERI is developing a design and analysis technique for a
pool-type sodium-cooled fast reactor called SALUS(Small,
Advanced, Long-cycled and Ultimate Safe SFR), which will
generate 100MWe with a long refueling period more than
20 years.

O Despite the extremely low probability of a severe accident
expected in SALUS NPPs(Nuclear Power Plants), the
analytical capabilities and tools to predict radioactive
fission products (FPs) releases to the environment under
postulated nuclear power plant accidents are required for
public acceptance and licensing.

0 ISFRA (Integrated SFR Analysis Program for
PSA)

O KAERI and Fauske & Associates, LLC (FAI), jointly developed
ISFRA computer program to simulate the response of the
PGSFR(Prototype Gen-1V Sodium-cooled Fast Reactor) pool
design with metal fuel during a severe accident. Fig. SALUS schematic diagram

O ISFRA was designed to be a fast-running simulation
software, used for the Level Il PSA of PGSFRs.

O ISFRA adapted FAIl's correlation-based aerosol analysis
model, as like MAAP or APRIL code.
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Purposes & Contents

Ultimate Goal: Improvement in Confidence in the ISFRA Severe Accident
Source Term Analysis Tool for SALUS NPPs

Purpose of this study: To characterize the transition behavior between
the steady-state and the decaying modes, and to
compare the CPU times between the correlation-
based model and the MAEROS sectional numerical
method.

CONTENTS :
- Introduction
- Purposes & Contents
- Correlation-based Aerosol Model
- Transition between Steady-State and Decaying modes
- CPU Time Comparison
- Conclusions
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Correlation-based Aerosol Model (1/2)

O FAl's Correlation-based Aerosol Model
Q Aerosol similarity assumed. :Z

» As time increase, the particle size distribution m

E 3
becomes the same, independent of the initial e
distribution of sizes. 53 ok
S 3

3

» Two steady-state aerosols or two aging aerosols —— *}

(after the initial conditions are forgotten) are 10°
similar, if their dimensionless densities M are 10° b
the same. (See Figure I) 107 bl it vt it s Nl s
L[] L[] [ L] o [ 1072 106
» By similarity analysis, variables concerning
aerosol behavior can be non-dimensionalized,
as in Table 1. Fig. I: Particle mass distribution of two
different aging aerosols undergoing
Table 1: Dimensionless major variables for aerosols undergoing Brownian and gravitational coagulation
Brownian and gravitational coagulation and settling and settling
Time, 1 Particle Particle.numrber h effective height for aerosol deposition [m]
volume, v density, N k Boltzmann constant
1/2 L] 3.5 5,43\V4 K(v, V) kernel representing the frequency of binary
(a';nggj .t rge | = (MJ n collisions between particles of volume v and ¥
X yuh auk, ag p Ko normalized Brownian collision coefficient
: : m total mass concentration of the suspended
Mass density. Decay Partlclet prolductlon 26105015 [kg/m°] P
M constant. .1 falc. N, M dimensionless total suspended aerosol
1 AT 1 M, mass dimensionless source rate
ygh' X Hh g ((FXK e ) N particle size distribution function [m-3]
e P | K,2p e hy, 0 source rate of particles [m3s']
0
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Correlation-based Aerosol Model (272)

1 FAIl's Correlation-based Aerosol Model

QO Aerosol dynamic equation is transformed

into a simpler equation by using owaa| 7 [ 2 T oo ToTu]o] e
. . m g/m¥/s m ) [sm)
dlmenS|onIeSS parameters. O 3.1017 | 9.1549E-7 2450 (225 (15 (20 |0.125
A 100 8.2160E-6 4000 (25 |10 |155 (0136
» Total Aerosol Mass Variation: 0 | 31017 [ 5903866 | 2130 [225 [15[20 [025
0 . 0 e 5.0 2.3122E-4 5000 1.0 |[1.0]155]027
m(t):pj vn(v,t)dv W|th m (t):pj ) (v,t)dv v 31017 | 1173764 | 3670 [225 |15|20 |05
0 P o * X 20 2934365 | 2000 |10 [10]25 [10
Ioo ( t) ( )d Q 1.0 1.1737E-4 1000 (1.0 |10 |15 |05
vn v, u v v 103 JRREALLLL | LELRRALL | LR EALLL. | LEBRALLLL | LR ALLL | LR ERLLLL | AR RELLL | LR LLLL T "'f“
At)=="— e
hjo vn(v)t)dv A?ED =O.SZSM"‘BE(1+0.473M0'754)”'7“ /
10° | - 3
. . : Decaying Mode E
» In dimensionless form, steady-state and % R ;
decaying conditions are expressed as follows: ~ o'l ¢ 485
M __ s - M __ TS S '
— — — a
d—r——ASED(M)-M+Mp—O&E——ASED(M)-M NS -
n 2 3
» Functional relationships of A(M) are obtained - :
based on many exact numerical solutions by 107 £ _g - \Steady-State Mode 5
running a sectional analysis tool, MAEROS. A%, =0266M" (1+0.189")"™
2 TR EEPERTITY EETERTTTT EETERTITT EETR T SErArETTIT M SR EErErwe
a density correction factor [-] 1010*‘ 10° 10% 10" 10° 10" 10° 10° 10* 10°
4 particle settling shape factor [-] Yok lia
&v, V) capture coefficient [-] M:[ 2 aJ E
4 collision shape factor [-] o
. aerosol removal rate constant [s] Fig. Il: Dimensionless aerosol removal rate
A dimensionless decay constant tant f di tati £ ti £
7 viscosity of the carrier gas [kg/m/s] ?ons a.n or sedimentation as a tunction .o
0 density of the aerosol material [kg/m?] dimensionless suspended mass concentration.
T dimensionless time
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Transition btwn S.S. and Decaying (1/2)

103':- LI I LR ] ) | I T A 8 LI R | R T R

( Aerosol Removal Rate Constant, A Source stop at 872 !

O Execution procedure to calculate suspended
aerosol masses

=
o
T

1) Dimensionless suspended aerosol mass M is :
calculated from the suspended aerosol mass m
by using the equations of Table 1,

2) The dimensionless decay constant A is calculated
depending on the situation of steady-state
or decaying aerosol, Timerlol

3) Dimensionless decay constant A is transformed Fig. lll: ABS airborne aerosol mass
into an aerosol removal rate constant A by using v —————
the equations of Table 1, and :

4) The suspended aerosol mass mis finally
calculated by
dm(t)
dt

O In the ABCOVE AB5 simulation,

» Agep follows A, until 872s, with aerosol sources

W Agep jumps from Ag, to Ay, immediately at 872s 10!

10 10° 10' 107 10° 10° 1‘05
» then A follows Ay, after 872s, without Dimensionless Mass Density, M
any aerosol source Fig. IV: Aerosol removal rate constant

Aggp for AB5 simulation
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Transition btwn S.S. and Decaying (2/2)

0 How to control Agp (or Agp) in the transition phases?

O Determination logic of aerosol removal constant A, :

l. Without aerosol source;

_ 1D
ﬂSED _'ﬂSED

II. With aerosol sources;

Steady-state airborne aerosol mass
M = mp / /?’SED

1-1) If m(t)/ Mg < 1.0;

Asep = Asep

1-2) If m(t)/Mgs > 1.0;
m(t)— Mg
(fss =1)M s

Interpolation factor FSEDDK
FSEDDK =4+U>—6*U’ +3*U
Then,

1.0 v T T T v T v T v T v T

08 |-

o
o
T

FSEDDK
o
=
T

02}

0.0 N 1 L 1 L 1 . 1 s 1 R 1

Ay, =FSEDDK % A2 +(1— FSEDDK)* A% | ~+ 2 = + s & 71 @

Multiplier to the expected steady-state
mass, above which the new source will
not affect the removal rate. (> 1.0)

Jfss =8.0 in ISFRA code

Fig. V: FSEDDK as a function of the
ratio of suspended aerosol mass m(t)
to the steady-state airborne aerosol

mass Mgs (with foc = 8.0)
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CPU Time Comparison (1/2)

0 Preparation of CPU Time Comparison =) e

species (except Noble gases), givi

O FAI correlation-based aerosol model
€ Stand-alone aerosol module of ISFRA code FNTRA o FPINTRANODE - '

1

= AERDIS
pr FPINTRANODE o Calculate the transformation of given species i
E ithi mpartment .

€ Subroutines for aerosol FP analysis [ S

s for
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 Print output values of FPINTRANODE |e e nsidere‘d: 11 FP groups i ¢ Bemsdsaisrion ooy
1
were extracted from the ISFRA code, e
face i  Calculate thermophorethic removal rate for
FPs

and
€ A driver(FPINTRA) was created to

impose the appropriate boundary

condition of the experiment e

1
(2) Equiliby
3) Deposil

epo: ol on surfa
nsf
(1) Evaporation (vapor - aero:
rium Evaporation (vapor — surface) :
(3) ition (aerosol - liquid) |-= LAMSED
(4) Deposition (aerosol - heat sinks) :
oV

il

leposition

. Fig. VI: Code structure of the stand-alone
O MAEROS sectional method aerosol module of ISFRA

€ MAEROS model was developed by Gelbard
et al. in early ‘80, and adapted in CONTAIN Define the Problem: ;

and MELCOR codes. Deinesecion ncaris (emitendotae.

€ Numerical solution - the general aerosol B .
kinetic equation is transformed into el vargbies . qHECK (PRAERO) Tmesteps
the sectionalized governing equation, @T{ R T O
assuming that coagulation and condensation e
occurs in series and that any two T - e
mechanisms cannot occur simultaneously. g ik

¢ MAEROS code was obtained from the IAEA ——|

code bank system.

Fig. VII: MAEROS calculation flow chart
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CPU Time Comparison (2/2)

d CPU Time Comparison between AB5
Simulations by FAl & MAEROS methods

Q

In the ABCOVE ABS5 test, performed in 1982,
single-species aerosol was generated by spraying
sodium at high rate for initial 872s.
Code modification for CPU time comparison
€ Using “CPU_TIME(x)” FORTRAN subroutine - simple
& primary, but robust method to measure CPU times
€ Basic logics only - unnecessary procedures were
removed
As a result, the FAI correlation-based aerosol
model gives output about 80 times faster than
the sectional method in the AB5 simulation
€ Both runs performed on the same PC with the 64-bit
WINDOWS operating system on an Intel 17-7700 CPU
4 Simulation times = 300,000 s (for both runs)
g:algg::’:g daeerosol LELUL MAEROS sectional model
Simulation 28 particle size sections
condition time_end = 3.0E+05 sec time_end = 3.0E+05 sec
CPU time 0.6250E-01 sec 0.5000E+01 sec

Table 2: Modification for CPU time
measurements (in both ISFRA &
MAEROS codes)

PROGRAM MAIN

call CPU_TIME(time1)

kkkkkkkhkkkhkkhkkhkk

* *

* Calculation *

* Procedure *
* *

*kkkkkkkkkkkkkkk

call CPU_TIME(time?2)
write(*,*) time2-time1
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Conclusions

d CONCLUSIONS

O Study on the Transition Behavior of FAI Correlation-based Aerosol Model
between the Steady-state and Decaying Modes

» Aerosol removal rate constants Ay as a function of time were extracted, and the
transition behavior from steady-state to decaying mode was tracked.

» This transition behavior was found to be controlled by the interpolation factor
FSEDDK, which is the internal variable of ISFRA code.

QO CPU Time Comparison between the AB5 Simulations by FAI Correlation-based
Aerosol Model and by MAEROS Sectional Numerical Method

» FAI correlation-based aerosol model gave output about 80 times faster than the

MAEROS sectional method for the single-component aerosol analysis of the AB5
experiment.

QO This is the final stage of the research series on FAI correlation-based aerosol
model in the ISFRA code. The research results were summarized in the
following journal paper.

Churl Yoon, Sung Il Kim, Sung Jin Lee, Seok Hun Kang, and Chan Y. Paik, “Validation of
the correlation-based aerosol model in the ISFRA sodium-cooled fast reactor safety
analysis code,” Nuclear Engineering and Technology, Vol. 53, pp. 3966-3978, 2021.
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