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X-ray Computed Tomography (CT) is successfully applied to the visualization of water infiltration into dry
rock, and to the quantitative determination of the permeability in rock. A multi-stage pressurization procedure
is applied to a one-dimensional horizontal water infiltration test under low pressure conditions, and in which the
volumetric water content at each point within a rock specimen is precisely monitored by means of X-ray CT.
Case examples make clear that the subtraction of X-ray CT images is an effective procedure available for the flow
field analysis dependent on the pore structure. Applying the Green-Ampt model, the coefficient of permeability
and water entry pressure was evaluated. The result was consistent with the pore size distribution obtained by the

mercury intrusion porosimeter.
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Fig.1 Photograph of the industrial X-ray CT
scanner (TOSCANER-23200mini, TOSHIBA
Corporation) used in the experiment.
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Fig.2 Water pressure cell for the experiment; (a) schematic
view of the apparatus; (b) photograph of the apparatus.
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Fig.3 Rectangular specimen and the co-ordinates system.
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Fig.4 Pressure-time record of the permeability test with the
multi-stage pressurization.

Saturated Unsaturated zone Dry zone

RSN

[
\V%etting front, L,

l«Transmission—»<—Wetting—»|
zone zone

{
Lg L, L x

0

(=]

Volumetric water content ¢,

Fig.5 Schematic diagram of saturated region and unsaturated region
during the one-dimensional horizontal water infiltration.
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Fig.6 Schematic diagram of the one-dimensional horizontal water infiltration by

the Green-Ampt model; (a) the volumetric water content profile; (b) the
pore-water pressure profile.
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the CT images subtraction.

2 8 SR——

o L M Kimachi-sandstone |

g M $=0.216

s 6

© L |-

2 i

& L

E I [

= 4 h

o rF m N

2 i Lo T

2 T L

2 2 L.

g r «—10.2%—

=] ! ]
0.001 0.01 0.1 1 10 100

Radius of pore £, pm

Fig.8 Pore size distribution obtained by using Mercury
intrusion porosimetry.

72N O R RCAEE A G L, SE KRR A A<, KE
AREfEI A B R L S LEg Th 5, S BiG o EA03 5k A m
(x=0)THV, FUPIHEHECTH D, FAREDSPEHE I
ST, BEHUL L7ZEOREOBRICHET 2 EKEOT7m v b
7o & 21X, Fig. 7 D ¢,,=0.05 DEEF B 5% ¢,,=0.10 DOEERDF
BORE & & HICBEI L TV DR 005, £, KRREL
TeBIEDMER T DIZ LT2ido T, BARED T v v b OBEI#HE N
B LTV DT bR CE D, ZHUE, BEOETE &bt
SR AE CAE N AR OB LDt EEZLND, SHIT,
WTFROMBIZBNTY, ¢,=0.05 % ¢,=0.10 DIXEKEDO 7 1
v NMEEBRITH D DICH L, ¢,,=0.15 R ¢,,=0.20 DEEKED
Tuy ML, REKEOT By MIHARELN TN D, ZOEKE

Journal of MMIJ Vol.126 (2010) No.7

2K 571y N OIROEW TSRS O MBS ISR LT
LHEEBEZLND,

Fig. 8 IZ/KEREARAR 17 & A — % — (Quantachrome 18, Pore
Master33-GT) CHITE L 7 KA DI 48 & MR AT OB
fRERd, KO X 91T, RO R/ ERITA 0.003um, K
PITK 100um TH Y, HBEERIZ2 2O V=725 T b b,
51 7—70%, RIBREREDSKIE lum LT, £ 0.02um {13012
V—2 AL, MBEARD 89.8% NI DV IL—7IZFT 5 DI
L, F27N—TI1XKME2 ~ 100um TH Y, HRERD 10.2%
MNZDITN—TIZ/RLTNWD, 7B, MPOE (¢=0216) 1,
RRT LR —DOFAT 1y 7 BRI LT RFHS A IR LT, K
PEARXR B VA —=F—IC X DMETHLNMBE TH D,
F70, TOKBEARR R VA —=Z—ICLDMMENDLRD Z LN
A%, Tebb, REAKRFEETIE, FBRATED 89.8% %4
DLE N IN—T /NS RBRICERL, v~ )y I+ var
IRV KPR —ERIZBI EIAEN T, 7r v MRS FTE
T, ZTHITHL, @EKREKRTIE, #H271—7TORE M
BRIZER L, K& ZRBBRIZZER (BARIE) 2 E 0 ko
BRI 5 2 X0, HEINMBRANOZELRNEM ST, it
AT 52 8T, 7ar hOBRBENAZEEZLND,

ZOZ DD, EEEZESICE SN ARG KEEROSL
MACAERE, @K 7 vy FOEAO L, RS KT Lz
WG DB MR TETH D Z ENnh D,

4.2 (REBEEKEMIRCKDHM

405 ¢5)



IS - ERSE - A %

o
0
(=}

L e e e A
. Every 20 minutes from 0.0h to 20.2h
along the elapsed time 1

e
)
=

e
o

Volumetric water content ¢

5
=3
S

0 5 10 15 20 25 30
Distance from the inlet x, mm

Fig.9 Time-dependent profiles of the volumetric water content.

I X B 1 Ion RIS KRR & Fig. 9 12”3, Fig. 91X 20
Sy TR O X AR E B £ 0 15 o i BRE KRRRThH 0, £
B HENE T p, 8 1kPa, 30kPa, 100kPa DJIEIZ/R L TW5, it
NN T D RFE G KR ¢y, IEIE —EIE T, RS KR, DK
EL L UARWMREEIR A AE LTS Z L, ZORIFIZIERNTT
FHZ A > CTRFE S KR ¢, AW 3 2 i sk 03 4 U C
WAHZE, bbb, Fig SR LEEEEAEL TnD 28R
R Cx 5, £, AAOMEFEREDE R L KRR EOE
FEOFENHRD T MR OMEM $=0.221 X° Fig. 8 (TR L7 KAF
WiE OB OREM $=0216 Z B ET 5 &, ABmILHEOR
FEE KR ¢,=0.216 ~ 0237 I, AR TIXIFIFEFIL TN D
ZEERLTWDEEZOND, iz, FETDH I LI ARM
DEFEEKRFE ¢, BN EHLTEY, HAEEZ A S5 2 & CH
ANKIA B PICER S L < IZEM Sz izols, BREE KSR
by N ER LI EEZBNS,

DXL, ZO 1 RILEEEAREWMBRE T, KD kS
< BRERIMAKED "l FP L BARERIG b ORGEEE 1, &
DR % Fig. 10 1233, 7Zed, Rk L7z X 5 ic, RENSEA
BRI, WEERE S DS E 7 RV OEIEE KR ¢, 2 TNE
(x=0) 7> & ML IBAEE & W aEI & OBER (v=L,) £ TR L7 i
o LAY

Fig. 10 (a) IZFAE p,=1kPa DA TH Y, RIS XM CT I
L BMEM, RPN P OXCTRIZLE LI b0 TH D, Z 21T,
F=0 ORI N EOIZMBLERL] 1y £ B2 5D 0D, HTEIEKR
DIMFIZ LV R T= FP=0 128 L0813 & 725,

Fig. 10 (b) 1345 AT T O BRI/ D Tl F2 & HARE
BREAARZ O ORGEIFI & OBMREZ R LT B, BB L OES
HEME, FRBAKNPOXCHRBLEL LD THY, FEICLY
BIEAWRLCND Z MR TE D, Fio, FWMALES CHIRE
REMRBRAELNTE Y, AERICK T 2FBELICHENT,
L3 IC K DEEF ky LAKIBFANE py ODEENFRETH D Z LB
53035,

4:-3 BREERUVKEZAEDHETELEZTODEE

Green-Ampt & 7 /L & I TZIRE R by DFETIE, ARNRML
TSR C & DASERFI COWFEEIRE ¢, TROLHDIMRE ¢,
ITRAEIZE ST —EEREL TWD, £IC, RARDHMAIET
DI IRA T COBREE KR ¢, OFHIEZ AT ¢, & L,
K (13) ZHWCTRER ky #HE LTz, T72b5, Fig. 9 Ot A
2B B IRREE KK ¢,=0.216 ~ 0.237 DM 0227 A 0HIBR
Fo, & LTHWZ, ZORNE, WAL p,=1kPa & p,=30kPa D
F— a2 BB LB R kr OfEIE 4.93x10 7 8m?, p,=30kPa &
Po=100kPa DF — Z /& B E L= 1235 2 kp DAL 5.43x10  ¥m?
Tholz, 7o, KIZAEpglE, FiLEiL-67kPa, —58kPa C
HoTm,

406 <6)

4 prrr P 30 prrr e
. L (a) 4o E(b) p,= 100kPa
g i i i 5257 :
2 pefr E |
o e €"200 FP=De(1, 1) \/
R N L /.
2 1B !

5o Do i i N i
[

1 30kPa
r " 1 g ,&y
P, 1kPa st p,= 1kPa
r i 2 E
| D=0.688 mm%h f C
0HHL)‘HHéummméummm 1] SV S A
a1 lo 1 2 3 4 5 0 5 10 15 20
la Elapsed time 7,,, h Elapsed time ¢, ,

Fig.10 Evaluation of the coefficients D; (a) definition of the time correction, #; in the
case of p,=1kPa; (b) evaluation of the coefficients D for each pressure stage.
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