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Abstract

This research focuses on the safety assessment of radionuclide transport in
radioactive waste disposal facilities. The scope encompasses not only
nuclear engineering but also integrates interdisciplinary knowledge from
geology, hydrology, and geochemistry to establish and apply
mathematical models. Through understanding key parameters such as
diffusion coefficients, sorption coefficients, and retardation factors, we
can accurately simulate radionuclide transport behavior in subsurface
media.

The project particularly emphasizes international best practices, analyzing
technical reports from Sweden's SKB and Finland's POSIVA, while
utilizing numerical simulation software for radionuclide transport
modeling. Throughout the research process, we will leverage
methodologies from significant case studies to ensure the reliability and
accuracy of model predictions. The research outcomes will be
disseminated through educational training and technology transfer,
enabling regulatory authorities to develop independent assessment
capabilities.

Given that Taiwan has not yet determined its final disposal site location,
the significance of numerical simulation becomes increasingly prominent.
This research will concentrate on uncertainty and sensitivity analysis of
critical parameters, considering multiple factors including geological
condition variability and engineered barrier material performance to
establish a comprehensive safety assessment framework. These research

findings will not only serve as crucial criteria for future site selection but
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also provide a solid scientific foundation for long-term safety assessment

of disposal facilities.
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Numerical Analysis Study on Radionuclide Migration in Deep
Geological Disposal for the Year 2025

Nen-Chuan Tien

ABSTRACT

This research focuses on the safety assessment of radionuclide
transport in radioactive waste disposal facilities. The scope encompasses
not only nuclear engineering but also integrates interdisciplinary
knowledge from geology, hydrology, and geochemistry to establish and
apply mathematical models. Through understanding key parameters such
as diffusion coefficients, sorption coefficients, and retardation factors,
we can accurately simulate radionuclide transport behavior in subsurface
media.

The project particularly emphasizes international best practices,
analyzing technical reports from Sweden's SKB and Finland's POSIVA,
while utilizing numerical simulation software for radionuclide transport
modeling. Throughout the research process, we will leverage
methodologies from significant case studies to ensure the reliability and
accuracy of model predictions. The research outcomes will be
disseminated through educational training and technology transfer,
enabling regulatory authorities to develop independent assessment
capabilities.

Given that Taiwan has not yet determined its final disposal site
location, the significance of numerical simulation becomes increasingly
prominent. This research will concentrate on uncertainty and sensitivity
analysis of critical parameters, considering multiple factors including
geological condition variability and engineered barrier material
performance to establish a comprehensive safety assessment framework.
These research findings will not only serve as crucial criteria for future
site selection but also provide a solid scientific foundation for long-term

safety assessment of disposal facilities.
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-
2 » ¥

"7 ¥ 2 B element > species {ﬁ%l A RSP A E S
Water £ & & & » Bk o4 K

| Lo e pEumiT | e e e | ==
Browser v & x T9T3E 5 Model » Material
v [@] Model

> | Material

Species Water

gL B species’ :i‘!‘u? TR A S B 8 species WL E 5 B AE

e fhip B R GIA %F g~ 11290 1% 2 vk - - B species & iy » H 2
FH o b T B ATA
Edit Species: Species1 X
1 << Previous Next >>
| SpeciesiD: 1129 (JIsotope
Description:
| Decay Properties
; Molecular (or Atomic) Weight: 129 g/mol
¥ Haife 157e7yr 8 Radioactive

Decay Rate: 1.21e-10 1/day = 0.69315/ Half-life

Specific Activity: 6.531e+06 Bg/g Bg/g v
v Stoichiometry: |
Stoichiometry: |
Stoichiometry: |
Daughter-4: none Stoichiometry:|

Water 2 & ﬁ%] > 1-129 B p d K¢ engg4c a8 IE-9m2/s 3 &2 &
P LA (-1) 0 gt oEaE Y 1129 0 BB Water ©

=
f«}
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Reference Fluid Properties : Water X

Definition
y  ElementID: Water Appearance...
Description: a
v
Reference Fluid Properties

Display Units

Reference Diffusivity: 1E-9m2/s m2/s

Diff. Reduction Formula: 1

Relative Diffusivities: Local Vector Edit.  CIr
Solubilties: Local Vector Edit.  cr Mol

Save Results

& Final Values Time History

HEE HUH HE

Tooh s FH A Rk s HA A 0 T ATH - B solid

element
Species Water
& Fluid
& solid
1 Fracture Set
Insert Element 4 Containers » H-J Cell Pathway
Inputs » ¥ CellNet Generator
#? Copy path Stocks » @ Pipe Pathway
) Functions » & Aquifer Pathway
~ S' External Path
& Paste CtrlsV Events » bu External Pathway
Delays » 4L Network Pathway
Properties... Results N

il Receptor

Contaminant Transport  » Source
Reliability 4

Financial 4

* 5] ¢ > # solid & & 5 rockl
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ARG

Species Water

rockl

- 4 % solid 2 16 > ¥ g R Water 5 F 22 2 4 @ &7

BOF A oI oMo

# B rockl » ﬂi%l M EcE > B A 2650 kg/m > VM A 0.01

Solid Properties : rock1 X
Definition
Element ID: rock1 Appearance...
Description: a

Solid Properties

Display Units

Dry (bulk) Density: ’2550 kg/m3 kg/m3

Porosity: ’0-01
Tortuosity: ’1
Partition Coefficients: ’LOCGH Vector Edit.. | Clear M3/kg
Advanced Properties...
Save Results
Final Values Time History

HEE i) Bk}

partition coefficients & % Kd & > #* a3k 5 0.0

’

B | Edit Vector: rock1.Partition Coefficients O X
t
Value
1129 0.0 m3/kg
i
¢
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® I H-F] B b K 0 RT3 pipe element s & & G Flo & A K -

[l

Material
Insert Element 4 Containers 4
Inputs 4
o Copy path Stocks 4
Functions 4
T Paste Ctrl+V Events ’
Delays 4
Properties... Results »
Contaminant Transport » # Fluid
Reliability y & solid
1 Fracture Set
Financial »
L] Cell Pathway
E CellNet Generator
@ Pipe Pathway
&8 Aquifer Pathway
B External Pathway
4% Network Pathway
il Receptor
E4 Source
Pipe Pathway Properties : Pipe1 X
Definition Inflows Outflows |
Element ID: F1 Appearance...
Description: a
v
Basic Pipe Properties
Length: |50 m
Area: |1e-3 m2
Perimeter: |2 m
Dispersivity: ’5 m
Infill Medium: ’
Fluid Saturation: |1
Discrete Changes: | 7.
Input Rate v ’1 glyr
Source Zone Length: IO m
Advanced Pipe Properties

# 7 %k g # Matrix Diffusion Zones * % & > # %8 & ¥ 3% t740
& o
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1

Define Matrix Diffusion Zones X
Skin Medium: Skin Thickness: (0.0 m
Minimum Maximum Fraction of Effective
Used Medium Geometry Thickness Thickness Perimeter Area
rock1 Slab v ’1 m "Im "IAO 2m2
O Slab Io.o m |0.0 m |1.0
Slab |0A0 m |0A0 m |1.0

T REA R R > &
(sink) > 3] pt

B 5+ B % 7 element »

[m)

Material

F1

[-129 72 & %

A
W

* %

".'E!“‘\

RS SRS

LAY

¢, % MassRate

2

Sink

[

MassRate

 BEERFAZXE

B 4RIT 90 & PF o 1129 ch B
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I MassRate o X
{gliChart S Table Display: Realization v #: 1D

Demo 1-129

1.0

0.9

0.8

0.7

0.6

0.5

1-129 (g/yr)

0.4

0.3

0.2

0.1

0.0
0 10 20 30 40 50 60 70 80 90 100

Time (yr)

— 1129

FREAME W > 7w gF > Table

3 | MassRate

{gli Chart [ Table Display: Realization v # 1IN
' Result]  1-129

Unit: alyr

0yr 0
0.1 9.38e-8
0.2 0.0002123
0.3 0.003613
04 0.01489
0.5 0.0339
0.6 0.05776
0.7 0.08386
0.8 0.1105
0.9 0.1366
1 0.1617
1.1 0.1856
1.2 0.2081
1.3 0.2292
14 0.2491
1.5 0.2677
1.6 0.2852

Fl* gy EXCEL 4% 72 5% > @l ol » chg Mt > 30>

B oehdk g o B8R
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3223, ¥4
T_% 7% & 45 ( Deterministic Analysis) $ * H - ¥ 2_& 17 2 #£7)
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B R FE F Y > 5 4 % ¥k (Stochastic elements ) ¥4 & =
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BRTE 3 P e FA A H G 2 m eI
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A H R 0.0 1.0e-6 14 2 1.0e-50 & FA e gk d R 14129 6
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#F R H F s it % B (effective diffusion coefficient) & +% f& i8
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coeffcient) e Fx & B & A % 4f >% § s 40 (2 B ehip) 2 AR AT H ¥k
FEFTRIVIHAFT OB R (e F R IFEIITR) NI
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Tornado Sensitivity Chart - Analyzed Result: PeakValue
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Tornado Sensitivity Chart - Analyzed Result: PeakValue
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