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Modelling radionuclide transport in Brittle Fault Zones using a
particle-based downscaling approach

P. Trinchero, T. Williams?, S. Painter®, J.-O. Sel roos*
“5vensk Kambrinslehantering AB (SKB), Swedea

‘Amphos 21, Spain, Wood, UK., *Oak Ridge National Laboratory, USA!

1. Motivation
(DFN) conoept has been implemented for use in the next SKB

* Anaw Discrete Fracture Network (
Finland)

nuclear waste.
* Britle Faull Zones (8FZ)

oe!

f each fault

. s use this DFN out al the
study.

* The DFN i typically upscaled 1o an Equivalent Continuous Porous Medium (ECP) -
2 iing DFN

Tha BFZ eproseriod us @ swam of fraclures
R lws aro pstice paitines

Evarle of a Bt Faut Z6na mapped a1 ONKALO {Firland)
Figirs tahen o Noohack and Mata 1]

2. The tool and the approach

particie fracking code MARFA [3]

* DFN cubical models, representative of racture intansity
‘and orientation at both the core and the ‘edge’ of the BFZ,

have
poster)
* Sub-segment-based values of groundwater rosidence

time and transport resistance are drawn from ibraries and

Gecaphers sanpor sy workhow b
on MARFA and Cormetiom 5]

3. The deterministic model

* Considerod nuclides ars a non-sorbing and |
non-decaying species (iracer) and Ni-59. .
* 58 sorbs i the malnx wih K,=6.8510% ‘ y
kg, /
* Simulations with both DFN-derived and il /
ECPM-based patiways ars carried out #ith =
MARFAUsing | M partcles

* e & preprocessing stop. pathiines ars .
resameled fo memic flux weighted injection.

= 3
= 4%4.5m,D,B5 107 iy, ©=1.B:10%

s considered)
tne s, wheroas MORW.
I are observed {or B).

g agproach is successhul

i
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p. N Mixing and Mass Partitioni rsecti
- : oning at Fracture Intes lions:
\ bbb MiNKEsTA The Effects of Flow, Transport, and Roughness & rAL e

number. H51P-1517
Emai pkkang@umn edu . Woonghee Lee', Seonkyoo Yoon", and Peter K. Kang™
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1. HATE AR R AR S s a e P st e e O P B — e
75 i = AT R S G SONE AR BB ) THRBRRZIE R - BB E
HU—4H 25U RS (roughness) Y 28 - 15 1| AR 5 i e AR Y 24P
I BRI E A IE T 3 7o Al T3l I 7K BB AR - W& oA 2R
ELMHEREES - BT RAFHIE 2 2N 28 BasS NS 28
fae e » SE S TRER T A7 B T B R S R 7 i » T HE AR PR B A AR 8
{E(E 6 : MR41C-0072) -

2. A YIERR B GSE RUE NARE SRR 1A R - AR R 58 (ol 2
(fractal geometry theory)ift 5t a A AR - TR RS T » W4
[& (fractal dimension) & & A fgi# S Ay E 28 AR H T =
(tortuosity)Ezas IR A AL HE = A LR 22 [t (pore space) AT AEE » SRl
CEBHBENT T » BRSSP 4E RE R R (420 WA DS
HIEn g im 2 B (Micro-CT)EFTHIE » F5-8] T HHE IV TESE R - 55
BT S ERMES P4 B SN - RRATERE2E
R B R RO A SR B E S DR E R S B IR A sS
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Bkt Ry BRI ARENIEMT AT N 48 - TRt RES - B Eha & S R
PORHRFE A T BURNE 7347 SR B S B /KO BE RS R Ry L T o
(& 8 : MR51B-0069) °
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HRA P L AE PR T IR FAEA(T) 7K (H)- I M)-(L(CORTRA LA > DT
EHHN R TR RS2 IA N - B RIS OB M
(IRE ST - AHIFERIFIS L Grime Hy FEFBREFTE(TAY T-H-M-C 523t
B SR B IS LU T-H-M-C REAHE - LIBNHIZE A SR
BB RS T s - BT B B B R T - TS
RRFATISHBES SL + ZK A7 24 R PR 275 2 AFD 7 (Darcy type multiphase flow) -
AR A IR o IR AR SR TR IS B2 | - 17T
RRREAE K & B RBR - 23 R - FTE B IRAE T /7% (state
surface approach)fsiff : {LEXBETE T-H-M FESBIRIIRSE HiREE T &
TR » DR BRI (2 S BT ML U R T A0 R
HERE TR » D L RO R » AR U R B AT
e e FLIUK TR © % ~ P TP 53 B /K (i MR e {150
R » BRI ST R AR W B B T st
Y M AR » BB BT - TENIANSRIHIT T /) B R
5 iMlite) R ER5H 75 (ontmorillonite) i - (BELAISHS 435401 -
PR s RV T B e R AL 125 AT A A B 4 220 -y
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Simultaneous determination of pore space and tortuosit
5 FALLMEETING : POS Spar es
B RREER S, fractal dimensions based on pore size distribution

MR41C-0084 Yuxuan Xia, Jianchao Cai*, Wei Wei

Introduction

ince the fractal geometry theary was created in 1980s, it has quickly
penetrated into many fields. The petrophysical propertics of rocks,
such as thermal conductivity, clectrical conductivity, and fuid
transport, have been studied based on fractal geometry theory in many
arcas. The petrophysical propertics of rocks are essentially related to
their microstructures, and fractal geometry is successfully used to
establish a bridge between them. Among fractal geometry theory, the

fractal dimension is an important_microstructure_parameter_to
characterize the petraptiysical properties.

It is well known that there arc many kinds of fractal dimensions
according to the definition. In this work, we choose pore space fructal
dimension and tortuosity fractal dimension that have good description
of the rock pores s fhe rescarch objects. These two fractal
dimensions can be decided by three methods: image processing.
experimental measurement and theoretical model  calculation.
Hawever, these methods are fimited of multi-scale. multi-definition
and determination of fractal self-similar interval when they are used.
So, how 1o accurately calculate fractal dimensions according to
microscopic structure of rocks is a general and chicf guestion in
rescarch of fractal porous media.

Method

‘To caloulate fractal dimensions more accurately. this work establishes. Fig-il Two binary
a relationship between fractal dimensions and pore size distribution Micro-CT images of three sandstone core samples where the pore
based on fractal tortuous capillary model, which can be dircelly space and the rock skeleton is shown black and white, respectively. A

V. A gt

A
where D, is pore space fractal dimension and 2 is tortuosity fractal
imersion. i by pore Gamec . (1, . <), Therlore,
the fractal dimensions can be caleulaled by using the curve of Eq. (1) In this work,  calculation method for pore space fractal dimension
10 nonlincarly fit the accumulated number of pores that correspond to and tortwosity fractal dimension in porous media is derived based on
the pare diameter. While the data of pore size distribution can be pore size dmm‘huhnn and tortuous capillary bundle twbe model
measured from some common methods. between fractal di and pore size
distribution is umlom The validity of the presented method is
verificd by the box-counting method. The good consisiency of
comparisons also proved that there is & sclf-similar fractal range in
sandstane when excluding smaller pores and the fractal dimensions
are intimately related 1o the microstructures of porous media. On the
bms of the plesenhd work. a cloacr rclatwnsh.p belween pnn:

Ui 48184um, respet

'he bottor igures are
of pare size distribution with Fg. (1) of 3 samiswm; core samples.

The values of fractal dimensians are caleulated by using pore size
distribution data af 3 tight sundstane core samples collected from
Micro-CT images (Fig. 1), and ar compared with fractal dimensions
by bos-counting algorithm (Table 1), The good consistency. of

sons proved ous s method and slso proved

and the fractal dimensions are intimate related to the microstructures
of porous media.

Can, ). and 1% Yo, A Discussion of the Effet of Tortuusity on the Capillary Imbibition
in Porous Modia. Transpost in Poruus Media, 2011, 89(2): p. 251-263.

Table 1; Fractal dimensions predicted by Eg. (1) and calculated from

box-counting method of 3 sandstone core samples. Dy, is equal 2D Pia. G, e al, Thermal condustivity of pomus stoncs rested with UV ighi <cured
fractal dimensions of all slices and Dy, is 3D fractal dimension which

ncedure, Progress. G 2016, 94: p. 105115,
‘can be calculated from the average value of the fractal dimensions of T e e A e
all 2D slices with one be added.

ot et Reviown, 2017 1711 p 419433
Yu, B and 1. 13, Some fracaal chamcters of poross media. Fractals, 2001, (13 p. 365-

02 372 |
Katz, A and A. Tho —
1 I 520 2 520 pore formation. Physical Review Letters, 1985, S4(12): p. 1325-1328. i
0.989 1.666 Peywm, R.L., etal, |ml-l|d1mmnu|wrh.g<nlx;o|lu nactopore siructure vsiag Xy |

‘ P e resources rescarch, 1994, 30(31: . 691100, [

099 91 1680 | 2680 Pt etimadine ol s facta dimensioqs from waler retelion. VG

¢ = Gooderan, 1990353015 22131

$ Xia, Y et 1, A new method for calculating fractal dimensions of porous media based
steibution, Fractals, 201K, 26(1: . 1850006,
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1. mrEAYBEINMIEAE 2016 FF484F AR 5.8 ARG E @ EEfMEEA
BRI DU KRS > R — S Bt e i R R S (1 S B A
> R RS BRI FE AT (Korea Institute of Geoscience and
Mineral Resources) A8 25 BEAHVE RHERCH T & - E¥roif 2012 &
2017 FFfH » AEBE N R & s LU ALER & B~ At EE AR & &k -
THEIHEAS BTN » AHREs (G n] B R B g S 22 R T I PRI LS
I FRAGATERIERYS B AT SR A B B R R A R E AL - (A
PHERHE R (MR SUETT R R = U YR B A 25 (B 10 ¢
NS11A-0580) ©

2. FEMOK LIS A& A A A SRR - PR EE R % (Magnetotelluric,
MT) e DS EIASRAYRCR > (HANTES MT HYZHEREE 2 B R HIERE
ASHIFFE A FE 02 Y R4 R SRR i 1 (Broadband: Mmagnetotelluric,
BMT)[EHF 528 AMT K MT ER(ERIEE + 0.0005~10,400Hz ; #53%
Bl 2 98) o MT Bl BRI HE TFHyE—PEREHEEE - 5 > MT
A IR PRARBEETR nIRE 2 o HOHERURY DIAI SR R dA% h LS 32
s MECRHIEI R RS AL 4aA8 - I HAFAS AL o) B8R « BLiR)IE At
b Ry KV R R EL Oy TR E » MT BMIPRA Occam JRH#ETT—4E

AHE S — AR ST IR PR (I eI FAR I IR R A HE A AR - S5 R
e AR ARSI AN R — e HEST IR AR HAA
PPRATEH R AL (NS23A-0687) -
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3. EEMEEIRAY R EN B EE i rHe (it R e 0B ~ s A B

% ~ SIS e BRI S e SR S B IR - (RN ST T - SRy
WeBEHITTIA - F IS PRI % (reverse-time migration, RTM).Z 73 &
T30 BN 2 0y B A0 R R B SR SR B MR A2 =0 i1 M 1%
{95 175 Y 58 MR 55 0 2R 1R A 1) & 3 B 2 E (vector Helmholtz
decomposition) K758 MIE £y P IRE fe S IR T - FEF o BRI R
AEEEEA R ~ RE R BATR =M RG4S IR - BUE B REUR IR R AT
YRR R AR SR BURRE: - By 1 e fl s S PR B st FE b S (A
T » R RE N Y PO K S SRR RN » #E— D a5 (22
] LR RE TR SR RS ] S - 228008 Sl =S BUE =01 » 5% 502 P LUK I
FYE AL RER - Sl fifi 48 H 7K 0 R 2 Bl S 11 B R (e R 55 20 (NS 31B-
0746)
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1. HPEREIf R P IRRAE A8  » E BRI LSS AT - (Rl B K
SHEHAERBAIHZE S/ 2P - Kelvin Berryman i 1R {82 /24175
S B TR TR E SRR R TR R R L S B E
BRI 5 - (EMAY RS T eIl T R AR L Bt E A &
FERRAE AR - A H R B R A B T A R SR A AT 2 B R S R
Y ICER S AL - 1738 2 i PRI A3 77 5 Ml FLAE— 0 st DA Ve T e
SILERHY Kaikoura surface rupture Fsf51 » AR5 A 7 ([EE & AU Ay R i

BIER RO T A B B 45 F S A2 (T21C-01) -

K

2. fEEGRVE G - SRR BRI E S REHAE B P A AR RIS K
HEITREEMVERO AMEE A HE RN 25> Refa e i 2 — LU
BRI I RS R ) > BIAI{EDIZRHY Cascadia LU
JHEY Parkfield B35 BIFTREAVEEEIRIETS (slowslip) 175 - ¥
EREBRAEBIRGE IR  FR R SRR HA RS
SR EARFREEFERTREE  B5 2 19 ERTE
—EIEE EEAEIAT R o AUTE GRS RER G E A 18/ a R i A
RAFATRER © @it S ARZHIKE (Rit) 8P (D)ETE THET
AR ERHERIATR (e T &a S8 By L 22l = B EA |
(d)Er e ARG fE = - I H Bt s a8 5 BEsH R~ 29 A - Horp

SRS IERA T IR B R (T21B-01) -
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3. FAAE 2018 FJHITEEEHNEE - 4R T B RGN F5 R 557

15 IRIBEEH =R 4, (Taiwan Earthquake Research Center)&¢ B2

B A (Taiwan Earthquake Model)¥5HY » 53 2 A MR A%
W 0 52 i R S 2 K E 5T {5 (Probabilistic Seismic Hazard
Assessment, PSHA) J77AS Al A [F] e st 7 JEl b - A 78 L PSHA2015
R AL RE Ry ZE B - [ A R e ] R R N el 2 FE P 14 < bt
FeiE LA E B4l 2 DI EE 38 A1 BB 1L S0 Ry (B - 1
AHFELUE ST BB IF Rt R P IR EBRE - o ITaE REAR SREREHY
ZE I ATEUHISE SRR - 3% 070 e I o X O M JE T HR B 5 A
=R 2 B SE(E 11 © T13G-0308) -

BEA LA BRIREREH G TR B % (Ambient Noise Tomography)
[ ME I B e » {E R 25 B R AT BRI B 4 E e (ray theory) 28Ry 2D-
1D FKmiE it (surface wave inversion) /57X - 2R EH R KUHER
KIGEETT - BB FERS (Wave-Equation Tomography, WET)SEHy a] 7 -
A/ MERYEUHIEE - BLE R 2 3D SR RS A ELE - BOSTEN
JEMTREEE » 1R T S o RRIAE IR - AU 4 IS
il 304 ([EF AR E L < 8l B [ ATEUREEREGE - S E T
B ST (Alpine crust)E | E0H i (uppermost mantle) iy fE fE Y
GRS B N RS e 1S B i o Y 2R Y (S11A-04) -
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Reviewing the electr;'cul properties and its implication of the creeping Chihshang Fault High-Resolution

Electrical Resistivity Imaging measurements
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AGU100 &

FALL MEETING

Washington, D.C. | 10-14 Dec 2018

Sunday Monday Tuesday Wednesday Thursday Friday
REGISTRATION REGISTRATION REGISTRATION REGISTRATION REGISTRATION
6:00 AM.- 7:30 .M, | 7:00 AM.- 5:00 P.M. | 7:30 AM.- 5:00 .M. | 7:30 AM.-5:00 P.M. | 7:30 A.M.- 5:00 P.M.
SCIENTIFIC ORAL SCIENTIFIC ORAL SCIENTIFIC ORAL SCIENTIFIC ORAL SCIENTIFIC ORAL
SESSIONS SESSIONS SESSIONS SESSIONS SESSIONS
8:00 - 10:00 A.M. 8:00 - 10:00 A.M. 8:00 - 10:00 AM. 5:00 - 10:00 A.M. 8:00 - 10:00 AM.
POSTER SESSIONS POSTER SESSIONS POSTER SESSIONS POSTER SESSIONS POSTER SESSIONS
5:00 AM. - 1Z:20 P.M, | B:00 AM, - 1220 .M. | 8:00 AM, - 12:20 PM, | 85:00 AM, - 1220 PM, | 8:00 AM. - 12:20 .M,
MORNING BREAK MORNING EREAK MORNING BREAK MORNING EREAK MORMNING EREAK
10:00 AM. - 10:20 AM. | 10:00 AM. - 10:20 AM. | 10:00 AM. - 10:20 AM. | 10:00 AM. - 10:20 AM. | 10:00 AM. - 10:20 AM.
EXHIEIT HALL EXHIBIT HALL EXHIEIT HALL EXHIBIT HALL EXHIEIT HALL
6:00 P.M- B:00 P.M. | 10:00 AM-5:30PM. | 10:00AM-530PM. | 10:00AM-5:30PM. | 9:30 AM- 1:30 B.M.
SCIENTIFIC ORAL SCIENTIFIC ORAL SCIENTIFIC ORAL SCIENTIFIC ORAL SCIENTIFIC ORAL
SESSIONS SESSIONS SESSIONS SESSIONS SESSIONS
10:20 AM, - 12:20 BM. | 10:20 AM, - 12:30 B.M. | 10:30 AM, - 12:30 B.M. | 10:20 AM, - 12:20 M. | 10:20 AM. - 12:30 B,
LUNCH BREAK
12:20 P.M, - 1:40 P.M,
u LUNCH BREAK SECTION BUSINESS LUNCH BREAK LUNCH BREAK LUNCH BREAK
REGISTRATION RZ20PML - LD, | s | 1220PM - LAOPM, | 1220 PM.- L4DPM, | 1220 PM.- L40PM,
GENERAL 1230 B - 1030 P GENERAL GENERAL GENERAL
SESSIONS/PLENARY i GIE‘GERAL o SESSIONS/PLENARY SESSIONS/PLENARY SESSIONS/PLEMARY
12:00 P.M.- 6:30 P.M. i .. i 1 ) 1 . -1
230PM.-130PM. | cooinon puapy | 1230PM-130PM. | 1230PM.-130PM. [ 12:30PM. - 1:30P.M.

12:30 P.M. - 1:30 P.M.

SCIENTIFIC ORAL
SESSIONS

1:40 P.M.- 3:40 P.M.

SCIENTIFIC ORAL
SESSIONS

1:40 P.M.- 3:40 P.M.

SCIENTIFIC ORAL
SESSIONS

1:40 P.M.- 3:40 P.M.

SCIENTIFIC ORAL
SESSIONS

1:40 P.M.- 3:40 P.M.

SCIENTIFIC ORAL
SESSIONS

1:40 P.M.- 3:40 P.M.

POSTER SESSIONS
1:40 PUM. - 6:00 P.M.

POSTER SESSIONS
1:40 P.M. - £:00 P.M.

POSTER SESSIONS
1:40 P.M. - 6:00 P.M.

POSTER SESSIONS
1:40 P.M. - £:00 P.M.

POSTER SESSIONS
1:40 P.M. - 6:00 P.M.

AFTERNOON BREAK
3:40 PUM. - 4:00 P.M.

AFTERNOON BREAK
3:40 P.M. - 4:00 P.M,

AFTERNOON BREAK
3:40 PUM. - 4:00 P.M.

AFTERNOON BREAK
3:40 P.M. - 4:00 P.M.

AFTERNOON BREAK
3:40 P.M. - 4:00 P.M.

SESSIONS

SCIENTIFIC ORAL
4:00
P.M. - 6:00 P.M.

SCIENTIFIC ORAL
SESSIONS
4:00 P.M. - 6:00 P.M.

SCIENTIFIC ORAL
SESSIONS
4:00 P.M. - 6:00 P.M.

SCIENTIFIC ORAL
SESSIONS
4:00 P.M. - 6:00 P.M.

SCIENTIFIC ORAL
SESSIONS
4:00 P.M. - 6:00 P.M.

ICEBREAKER
6:00 P.M.

SECTION BUSINESS
MEETING & RECEPTIONS
6:30 P.M.

HONORS CEREMONY &
BANQUET
6:00 P.M.

EPSP SECTION BUSINESS
MEETING & RECEPTION
6230 P.M. - 8:00 P.M.

NIGHT AT THE MUSEUM

7:00 P.M.




