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A user-friendly modeling interface is developed for a process-based total system performance assessment framework (APro) specialized
for a generic geological disposal system for high-level radioactive waste. The APro modeling interface is constructed using MATLAB, and
the operator splitting scheme is used to combine COMSOL for simulation of multiphysics and PHREEQC for the calculation of geochemi-
cal reactions. As APro limits the modeling domain to the generic disposal system, the degree of freedom of the model is low. In contrast,
the user-friendliness of the model is improved. Thermal, hydraulic, mechanical and chemical processes considered in the disposal system
are modularized, and users can select one of multiple modules: “Default process” and multi “Alternative process”. APro mainly consists
of an input data part and calculation execution part. The input data are prepared in a single EXCEL file with a given format, and the calcu-
lation part is coded using MATLAB. The final results of the calculation are created as an independent COMSOL file for further analysis.

Keywords: Radioactive waste, Geological disposal, Total system performance assessment (TSPA), Process-based,
Modeling interface

*Corresponding Author.
Jung-Woo Kim, Korea Atomic Energy Research Institute, E-mail: jw_kim@kaeri.re.kr, Tel: +82-42-868-2547

ORCID
Jung-Woo Kim http://orcid.org/0000-0001-6896-471X Jaewon Lee http://orcid.org/0000-0002-8418-0760
Dong-Keun Cho http://orcid.org/0000-0003-4152-8605

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited

INFCWT Vol.17 No.2 pp.227-234, June 2019 elSSN 2288-5471/pISSN 1738-18%4 227



Jung-Woo Kim et al. : Development of User-friendly Modeling Interface for Process-based Total System Performance Assessment Framework

(APro) for Geological Disposal System of High-level Radioactive Waste

o] “Alternative process’ & T3} ALgA7} g 4= )
Jet. 7] YA e
= A HA AL A=

H2o Agkds RRo s T
MATLABS ©]-8-8Fe] s = ¢}, s
o] &gt Axt Aol FA 27} 7hestE S 3ttt

2 %.X—l o]

FalTko]: WA 7B, ASAE, 234550, A1
1. A&

A F A28 QPRI BT A Sl 1E0ke] o
T AEA 2w oA AR ThoFs B35S AlAE 5
ZojlA BrHo| T FobA o2 mAlHs W So] 22 o
2}, AL AE AT YoM AR Goldsim [1] 7]ke]

2
GSTSPA [219} K-PAM [3, 4] So] 1 EN
9 o) AR Bl BpAol: FEAel P e
2 gahe] A ko] 7] uhzol, AF A2 o] A E
Ae] Qg AER v A JFL AHgA N ZHeFsha wh
=7 ANE # ek 3L AT ek 94
A3)e] “TEIPAAINE HFALAL ] B Aw]
Z AN E A2 AT 1913 o]th o] 91 (risk)
S} 3 E A (dose) & FL PARIE 71F Az A3}

o

EEREH A EE B 99 AR
A|heta] argkol] ofshe] thefdt Bt S ol A
L8] 3L, Aol AR A F 1vhd olivt st ek,
ol2|g BIANEL A&H o7 wset Fo|tt, AL, Al
28] 20 b 7E Bl o 23k AL A|2~F 9] ARt

u}2 Z3}(evolution) 5448 118 3}7] ol B2 A| ko] uf5itt,

228

H7E ASAH A= ol gk Z2 A2 7]Rke] F3Hd5H 7 Al (APro) 7iES $J3te] A8} H e

25 FE3) APro] Zdl I

A7} 7Fs gk COMSOLZ} A 8} 8kt
A

Ato] 7453k PHREEQCE 73t Al e g &h-g-sfef A4t

Fote AR 2H o s Ao ey Rdof Afes WA
Q ANES ZEFSIAIL, o]E “Default process” o th

=5 toex ndo] FAXS E3th APro= A YYAE
ksl

XCEL helel Qe Eho 2 Jelsla, ALy Fie
[}

E
42 COMSOL < Fel 2 A= == s}o] COMSOLES

A7 & ASAHEAEE A e A7 AEH e
ZFIEE A F2 o] 231 ITHT. AR, 7]&2] A2
AT el M= o] AlEstE o] 94| 957 vl
ol 25t SHE o] A7 e ARVeES W
skl FAZE A, EA, o]2d AFAAEL safety
caseghiz & SollA AZAI=H 2] kG S ez 9
Aol Am = B85 ot webr, H2 AT =
@ ol izt ARs AR Aoz AR 5= a, Al

Zo) FPYP IRl that WA o] F5IES, A

¢

H8 R 7 Rdg skl ov, B7F Bt £
Sgo] vt ByAdo] AUAA A B&Adol w2
23] flste] HZole 1T AFE AT o8
A2 76| A7}t 2ol PFLOTRAN (81 7H2
AL, A of] 1A A2 7 5ES FUFeEA RdS
2z o2 7§s] @1 gltl. PFLOTRANS ¥ &7 Alo] 7}
gk PETSc A7 7]9ke] A8t -5 2 L AE o]F ALt
To|t}, PFLOTRANS Q. A2 H 7018 ZAFE oA
1 1245 wE AT A o|27174A] BE AFE A A

o] 7hssttte S 7HA1aL It 252t PFLOTRAN-S

(f | oax

JINFCWT Vol.17 No.2 pp.227-234, June 2019



Jung-Woo Kim et al. : Development of User-friendly Modeling Interface for Process-based Total System Performance Assessment Framework

2 33 oI o] Bd 149 29 ol 5ol
2345 33h9) O fA o N

2
= &%
191 iCP [11]18 COMSOL <u}ﬁ—a@% =l
AHE SIS %@'&i‘?ﬁ (Finite Element Method; FEM) 7]4F2]
Sl PHIGEQC (kb A 912
= 53j0] Ngaden), 59 ol %7}
R A
o} iCP= F 7119 57 AZE 909l COMSOLY} PHREEQC
2 <14 v
Axk2} B2 (operator splitting) BH-S AL-8-3le] AAIsto 2
A Agpeh-g-s Z3HeE Teke e E At E S Sl

BAFE 5= Stk iCP ARl AWHAS] whgolE o] o]
5

FH (sequential non-iterative approach)2]

PHREEQC)| &3} JZ}%HB}
], 2 ATdAE sl 159 3
N%HOH gk Z2 A2 7|9ke] F3
sto] AREAF Hol o] e e
s}oiu} PFLOTRANZ} iCPE= &k

]_

LA ARA|2E FHYTE

R

o,

[

o,

N

=

i_:l‘

B

=

mE
mn: ruo HE

i ﬁ

[

oo 2

“ete] o1 el detstale
Lr]—a]-/ﬂ g 7HH1-oﬂ A3 o] o

4o s %
g AL S ol

w22l 3ol

=

_}14_11
Hm
y
juii)
=2
)
0’90
ol
o,
BT
do d
)
R
rlr
l‘?d, i

& F7HA1717] $l3hel, & A7) Bl QlE o] 2 ke
M ARHQ AFARA 2R 0 FF5H ) 5

T 29 WA Hi‘—*li%ﬂ" S+

7HE Sl3hel £ AN et

INFCWT Vol.17 No.2 pp.227-234, June 2019

(APro) for Geological Disposal System of High-level Radioactive Waste

THTHHAA=
system performance assessment framework for a geo-
logical disposal system)o]t}, AProo] Relw] Qg o]~
= z2ayd ddojel MATLAB [14]S o]&3le] F2EQ)
o, 2w, 2sele] iCpe} AR, FEM 7]iko 2 b
=@ ZAPE 7hsd COMSOL A 8fshit-g- Al 4ko] 7}
53 PHREEQCE A2t Al o2 8831 9Jth. &, MATLAB
workspacedl|A] Alkel] B sk Ao} A, 7'4'14 H] gt
Ew o] oakz} Ha] WS HL3le] 7} A dAEe] 58
Hog A, of7|A, Agkehitg-2 A 2|3 U}Tﬁﬂfﬁ_
£ 9J3lA] COMSOL W 9] segregated solution ap-
proach 7]%¢] 7|2x 0 2 &8 =]},

T e e ddS ARSHAL, A grELe] A5}t
aLear] ffsiM e B Fef Aldte] sk, oo u}
2 Azve] 2717} DA olet, whekAl, AProg] B E 7
Qillato] Feohe® FAHNL, o) NG AF
ohe AFE FelxEel 2L s AT Ax
A8715 8 Aolt), 5, 44 A%H Fre] B
o that Hrhel Al ol elgk A4k ARk Thol T et e
925 0 2 Tefsolol & Aoltk.

APro (Advanced Process-based total

.

=

= l"lO N o

=
rH oR

i

o2

oo o T o> fu oo
“
e 12

2

2.1 APro9 E3#

2.1.1 299 999 {494

APro= 2dlE] o9 (domain)S 7|&9] A3 A&
NzEog Agrgto 24 ndlo] A-fr ghx|uh AL}
Ao dg FAA B FAAE o] A AHEE F U=F
AA A 4714, A stE JEA2H o2 H 7=, A
B87], ART AFAMELE), AEEHY SAfA=
= KBS-3 JE| 9] 2] & £33 HRA|2F o] i
=k, o] FA FEA g o] Ty FHlE AlgS T

Ak, 22 Wl A7l e 3 A7, A A7), A%
&) 7N B 4, AFE e T, 271, 30 5L 9], A
EAERY/FAY) T2 A A 248 5 QS &)
o, A At Z2 ool whep F etk BAlY oS A
A FAE 5 J=F it w3, DA AR LTS oS
0% dhs TR TR/ ohY=h, 54 T8 &M 9

PR BelAY RAPE PoSE S AR ALY TR

B A8V e 0 2 AGSHES SHelr

229



Jung-Woo Kim et al. : Development of User-friendly Modeling Interface for Process-based Total System Performance Assessment Framework
(APro) for Geological Disposal System of High-level Radioactive Waste

\

Large-scale Hydrogeology

+—1

[

Thermal } [

Hydraulic } [ Mechanical } [ Chemical

+ Default process - Default process - Default process - Default process
+ Alternative process 1 » Alternative process 1 » Alternative process 1 = Alternative process 1
+ Alternative process 2 * Alternative process 2 + Alternative process 2 + Alternative process 2
[ I [ ]
¥ N ¥ §
L Canister Failure H Radionuclide Release & Migration ]

Fig. 1. Multi-physical processes considered in APro.

xH EXCEL Input

= Simulation Condition : Time, Space, Component, Process #

= Domain : Rock, Repository, Backfill, Buffer, Canister

= Mesh : Maximum size (Canister, Buffer, Backfill, Rock)

= Thermal : Heat, Material properties (Density, Porosity, Thermal conductivity, Heat capacity, -)
= Hydraulic : Material properties (Density, Viscosity, Porosity, Hydraulic Conductivity, --), BC

= Mechanical : Material properties (Density, Young's modulus, Poisson's ratio, --), BC

= Chemical : Material properties (Dispersivity, Diffusion coefficient, --), IC (Chemical speciation), BC, Geochemical DB,

RN properties (Decay chain, Diffusion coefficient, Solubility, --), Inventory

= Failure : Canister thickness criteria, Corrosion-related parameters

<! MATLAB

@ COMSOL API
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" Study/Solver Setting SNIA scheme
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Fig. 2. Components and flowchart of APro.
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