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RAL PRINCIPLE, VOXEL AND CT VALUE

§ )

n voxels

n voxels

thickness of
the slice

(T

CT image is a digital image.

CT —value=1000p, —1000

- 1000

CT value =943.2 p - 987.18

Air

Water

Ratio of fine grains: 0 %

500 + Ratio of fine grains: 30 %
Ratio of fine grains: 50 %
Ratio of fine grains: 70 %
Ratio of fine grains: 100 %

—  Equation [4]
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" IMPORTANT FEATURES IN IMAGE ANALYSIS
*THRESHOLD VALUE
*BEAM HARDENING EFFECT
* PARTIAL VOLUME EFFECT
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(I) Histogram of CT value
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\_Bésic analysis of X-ray CT image(2)_
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- LNAPL:Light— non agueous phase
liquids (gasoline, diesel, etc)

) Ground contamination

Soil particles
esidual

pore
wate
Pore scale -
Residual LNAPL causes long-term pollution
o
It is important to know the mechanism of LNAPL migration
I ¢ \ /

Motivatier p=

v
Air Water
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Avergae

Core-Scale
(Tem~)
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P?f_ls;:: Representative Small-size block Large-size block

parameter (Im~) (10m~)
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Analysis for
il Micro scale
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Introdiction

v Soil Particles

N (Cimage analysis
LNAPL
Transfer mechanism _

of oil flow

Pore water Pore
Pore scale structure

ObjeGtve ~

_ To clarify the transfer mechanism of oil
and water in pore structure of sandy soll
using Image analysis and CFD analysis

l—[MXCT image ]—l

Image analysis L B M analysis

Generation mechanism of LBM simulation can be
blobs in sandy soils performed using MXCT
image
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~ APPLICATION OF M-FOCUSED
X-RAY CT SCANNER FOR THIS
STUDY

M-FOCUSED X-RAY CT SCANNER GIVES THE SPATIAL
DISTRIBUTION OF MATERIAL DENSITY. A CT IMAGE IS NO

I -TH-hAXER I EREE

Power of voltage (kV)
Current (mA) 180

Numver of views 1500
Number of integration 10
treatment
Voxel dimension (mm) 4.43 x 4.43 x5.0

Number of voxel 1024 x 1024 x 1000

e processing

-7 7
o/

"NOWADAYS, SO MANY USEFUL
_ APPLICATIONS ARE DISTRIBUTED IN THE
IMAGE ENGINEERING

* IMAGE J (ONE OF POPULAR APPLICATION FOR CT USERS)

o

e ITK (IMAGE TOOL KIT: LANGUAGE IS C++

* MOST OF CASE, WE DON'T NEED TO DEVELOP VERY NEW ALGORISM
WHICH WE WANT TO DO IMAGE ANALYSIS.
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Glass beads

Frequency, %

Nutell!

NAPL INJECTION TEST

Pore size

v
(=
Pore diameter, um

Toyoura sand

Frequency, %

Toyoura sand

] /., N
1D IN) ECTION TEST
) N/ S
20cm
~ ]cmi ( O <:| Water or NAPL is injected - Pressure sensor

Particles

Particles Particles

Residual
APL

LNAPL

Precision balance

Syringe pump

Illustration

Injection test apparatus

yl: Flow
:: Sample should LNAPL was Kl solution was
be fully e iniected CT scan
saturated jecte l
Pore wate. Pore water
Pore water
w - oy THFEE | ZREE o)
Mean Particle | Porosity = R HIE (m) W) W) R BE
. q o ,
diameter c:enssﬂy (%) f CASEl | AZRAE—X 250-350 2.45 1.57 0.89
(pum) (t/m3) N CASE2 | #A5rE—X21E | 250-350£10000;E& 2.45 1.75 0.89 e’
Case 1 Glass beads 300 2.45 36.0 e ‘ CASE3 HIRRYE— 250-450 | 2.45 1.49 0.89 |
| Case2  Toyourasands 200 265 394 | ,) CASE4 24 Mo/ [ (2 LA )




4. Test materials

‘ Kl solution was used. ‘

For saturation, we injected CO2
gas using 120 kPa pressure.

2.5mm
Pl N
S
Ty
“I!;,‘p-w "?
B>
p=1.02t/m3> p=1.05t/m3| p=1.25t/m3
KI p=1.25t/m> Main properties (18°C)
KI solution Water
Density (t/m?) 1.25 1.00
Surface tension (mN/m) 72.45 72.94
Interfacial tension with 545 529
LNAPL (mN/m)
Contact angle (° ) 61.5 53.7
Viscosity (mPa-sec) 0.966 1.002

KI solution  Soil b L g WS
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CASE1

(Ca=1.57x10%)

Resolution:
1024 x 1024 x 800

1voxel : 5x5x5um

CASE?2

(Ca=3.14x105)

Resolution:
1024 x 1024 x 800

1voxel : 5X5X5um

3D pore distribution
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Pore with
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e structure
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Congclusions \/4
p N o
— » Micro X-ray CT scanner is a powerful -
tool to evaluate pore structure of
sandy soil and its techniques can be
applied to the evaluation of pore Lattice Boltzmann Method (LBM)
structure with LNAPL .
Ongoing work
* To perform LBM simulation using X- o
ray CT image obtained from these test.
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9 LBM - INTRODUCTION \jrB(NLsimulaﬁon for two-phase flow
‘\ _ = . ) ' in"porous materials
< LBM models the fluid consisting of fictive particles, and such particles~ i
perform consecutive propagation and collision processes over a L
discrete lattice mesh.
Advantages of LBM over traditional methods:
» Allows modelling of multi-phase behaviour at local scale
» Allows dealing with complex boundaries
» Allows incorporation of microscopic interactions
» Allows parallelization of algorithm (for example using GPU)
\
Disadvantages of LBM: 290V
» Limited memory and mesh size (depends on efficiency of p— TNAPL | Waier
parallelization modelling and hardware) = : Densitylr)atio 1
» Lack of use of classic physical parameters Pk - p* Relxatontime (1) | L1167 | 1
S | 7+ 4" fluid-fluid Inferaction (=) N
o (o J ®) ) V\ ) AR DIEREEISBR T B/85 442 \Iﬂ/m‘gi-solid fnterajtion () V-sz\o | 0020 ]




| N/
\J.'B(M_simulaiion for two-phase flow
in porous materials

LBM simulation 3D distribution of
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Pipe pﬁo

el for LBM simulation
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Comggrlson,porous material with pipe model

o

Glass beads Pipe model

—

10 ,
voxel| - 290voxe
parameters LNAPL | Water
Density ratio 1 -
pro_3 Relxatontime (1) | 1167 | 1
7+ A fluid-fluid Interaction (gf) 0.0015 e
A AR DEMIEICBIRS %/354—4  fluid-solid Interaction (gs)| -0.020 [ 0.020 |
W) St 4
| \/ \/44
D|scus§Lon of results for pipe model
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Pipe model

Definition of each area

N )

Aspect ratio along the flow direction =
>,

R [ =
n= 15 X:location(4 ~I) Z X ﬁFﬁ(A (‘
T aus

Mean diameter along the flow direction =

o NS (o 3 J J




iiic/tj_i;/ton\#Jesulis for pipe model
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Mean diameter along the flow direction = || Aspect ratio along the flow direction =
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iis:c/xz/ign of results for pipe model
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Connectivity of pore structure for LNAPL flow means the
large mean diameter and less aspect ratio along flow
direction.
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Conklusions

o

C

_ |X-ray CT image analysis and LBM simulation
can Evaluate LNAPL migration in porous media.

mall €— POFe —> large

Conc}uéio’gs ~

Vp,+p,8) =0
0
."

. __
ogS, p, Ve k. K
Air Wciier ot P

\

Average

Core-Scale

(Tem~)

Pore-Scale . .
B Repbresentative Small-size block Large-size block

parameter (Im~) ('|0m~)

We don’t say X-ray CT scanner can solve many geotechnical and
geoenvironmental issues. X-ray CT scanner is a powerful tool to
observe the inner condition of materials. Of course, the sample size is
too small to evaluate real condition. Hence, we need to develop the |4
model to connect micro observation and macro observation.
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