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It is necessary to visualize and characterize pore geometries in rocks for accurate estimation of underground flow system.
Recent technological development prodides three dimensional observation of internal structure of rock with high resolution. X-ray
computerized tomography (CT) medical scanner, optical microscope observation of void space dyed with colored resin, Confocal
Scanning Laser Microscope (CSLM), mercury intrusion porosimetry and Atomic Force Microscope (AFM) were used as tools to
visualize pore networks. By comparison of each advantage and disadvantage, it is concluded that micro-focus X-ray CT system is
the most effective for three-dimensional pore visualization, and the usage of AFM combinated with the data of pore size distribution
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obtained by mercury intrusion porosimetry is the most suitable for the permeability estimation.
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Fig.1 (a) Photo image of the medical X-ray CT scanner
W2000. (b) X-ray CT image of clayey sediment. (c) X-ray
CT images of volcanoclastic clayey sediment.
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Fig.2 (a) Digitized microscopic optical image of void
structure filled with red colored epoxy for a thin section.
(b) Thresholding condition for veid structure, applying
three thresholds for red (R), green (G) and blue (B). (c)
Segmented binary image of void structure.
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Fig.4 SEM images of rock samples. (a) Izumi sandstone. (b)
Berea sandstone.
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Fig.5 (a) SEM image of clayey sediment dried by the
T-butyl alcohol freeze drying method. (b) SEM image of
clayey sediment dried by oven drying method.
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Fig.6 Mercury Intrusion Porosimetry. (a) Photo image of
the equipment. (b) Relationship between pressure of
mercury and pore size. (c) Pore size distribution of clayey
sediment.
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S, ESERBMEICBEREEMTH &Ko THELS H
CERINVEBREEZY LENS, EtERBRETERL,
TOXREMMDOBEEDIFETHS. 1982 41T Binning &
Rohrer IZ&k o THRASN/z[20]. Het LHBHZRNS b
RIVEFIT T OREBICEKEL, BN 0.1m D3
ERURNVBREB—HERITD. 207D, HEHR &
S EFABE O OHMENFEECEL, 0.lm F—F
—TH5b. 5K, FORNBROKXLRISLHORETF—
EH 5 —BL WREEE DR FICHN, EAMAD kR
VBRI RN, £EHF GEEEAR) TOERED
FEIZEL 01mmA—¥—). LML, ZOFETELY
FNVEREZANTVNSD, SEMOREBLMIETER
WEWSEBERNEET . £2T, Bk iRt T
FEFHAZERLT, #EEREOBREEWEICILEDD
NETEHERETHS. TOXBEORER, FRIVE
WATNIRWEBRAERE OMMZERE D DNI/NERT
Z (BFUN-) 2o TEEL, IHEREOTIOR
bH%E STM DS THAL B DD THD (Fig. 72). B
B, BFULN—2REREICEDTS & (ERER
0.1nm F—%"—), Lennard-Jones B DR T > > % L TiEMY
ENBXSC, BEMTT 7y >FNT—IVAKICKSB51H
A, BEHETETEOERVICKDZFRANMEL. ZORT
MAkcL->T, LN LLRFHICL>TLETA
FIZizhE. LN—-0EmdESIT-oTHY, £20kb
HEETIOLARERBELE SITM K& THEALS. 7
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BNREREZDOABOBMGEHESIN, Z0h (1T
TIDOEE) 2—FEWT 5 & T, STM Flik, REREOM
HMEREHD ZLINTEDOTHS. FIT, WK TFO
o & ZN DS ORI ML 2 D, T DXRE Z AFM
THET S LIk > THIBMORBRLET S T & HE
THB[21]. UTREOFIEERRT 5.

REHI R R ARG WLIRIC 49 5~ XIBRED 58
LieWEaTH2. XEHIIREEDOY -5 1 MEROW
BRAZZAETHIHMBENS D, DEBPREBZEHD
IHEERTHD. BRI ET, Fv TRCERLEE,
BLE % #800 REOHERNZAWT 10 41, HET 5.
ZLUT, T RBRTS#E BAETa 7T 7)
EEEEICRMAL, HRICBBIES. #iES /IR
E-BERTHES 18, KBTS, RKZOEERAITH
EL, BRNIZYIVYES RIFEEIZBNT 1um OF
BRIZRAWT 10 0, BT 5. B, FBRICEDRA
AERIBEABRIEHBERM I ER M 520,
BEET7E P IC1HE, BUTBL . BEOEHICX ST,
{BFAZMEBRES MBI N2m &I MR D W BgE
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Fig.7 Atomic Force Microscope. (a) Photo image of the
-equipment. (b) Schematic diagram of the equipment.
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EAHR DS, BWAOHS, 4T L bHMIFEBREICR

AT BLERIZND, REMWEEEREDEHE, BHED

BRICR T OBREIC & O HBRAEN D REMEN D 270, #
fEZRNBEIPEELWN,

8.2 RIERE

FHETER L ZRFHAERSEIZIa—1 2 RY
JVA > M D Nanopics TH D (Fig. 7). ZOEEOH
FREEIIEE 5 W 0.50m, F£EHIF 1nm T, EEGHIIEE
FAEITE100m, EEHFWT5000m~1mm ATH 3. &
BEE, 1 70 —Ad%0 2 B~172 B EAETHS.
B ONFERIZF 3N/m (I>5 7 FE—-R) TH5.
AFM I X 5HBIRE O TR % Fig. 8a ITRT. HlESR
BT EEHE 1mm £, FEEE 380 B/1 7L —A, EH
WHhn5 7 soomv (BlAE—R) TH3. HL, #AEl&
B ORTFREAR, #E LOFECRBO(LFHAEMRITE
FY5. ZOHOENEERETHN & OBRIEEICIIARH
THD. ¥, FUHREFERD SEM &% Fig. 8b IZRT.
MEOEBOLEBRDIER, AFM TEHEIN 541X SEM #
EEBITELS—HLTNWAZ &Mbha. Ei1o~% 100
m ORZH DOWRFORBBICEM/NME (&ED L <IIE
M 1~10um BE) POML, EEOBRIT ORI OFESE
IR ERMER (B2 20~301m) BREDLNS.
LHL, AFM BROE EOEBIZIEIBZ 5 <&t D5 »
MOREBEBEZONSE /A ANETRDLNS. B &
UCHEZHBRLUZEE, AFM& XD SEM BROEZTD0E
F, BEBEECRAZDR, TYOFNRERINT ARM
BRI 512 X512 B T 1677 AEFAOERZ HDDIIXL,
SEM E #1138 K 1280 X 960 Ei5R T 256 FEH OB EZ DT
EIERTS. Lil, BIARICHT2EREEL TE
AFM BDIF5 N SEM B L D BERENTH Y, EENARK
& GEE) ELTETZENTRETHS (Fig. 8c).
BEOHER, DRTORDIZMEAZHT 5 LNE 0,
PDRFERCMMBEEACED SNBSS REE
HENASNTE /2. E 512 AFM £ & SEM ERIZIEE
W —ET 3. £, WESNEZHEREIC AFM BX
' SEM TEZI NS MIIEERIZ, FHEmiE AR T
HOUTFIHETEEEZLSD. I5IZ, AFM K TOM
WIRARICHL T B0, HHDEITLEWEEREL, €
NEVBOES RTH) BN, FHEE &ic2E
£33 Ei&> T, FBAD 2 KT EEHRNTTRE
TH5. TOLEVWEOREDLDIT/KEBMETHEL
EPEEREAEEEL TRV LEWERZDLTDER
TWE, Zhick3BRENZHRES OEBLERZ D
APEEBEFCICRDEDICHRERTD. 2B, Z0OK
FIZBWT, BEFEEEL VD REREBROATOMELZ
B ER O EICABRO Y A—F —& AW HERED
HRETHD. 202 ELICX > THEERS OHZRRL
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Fig.8 AFM image of the polished surface of Sumatagawa
sandstone. (b) SEM image of the same area to AFM image.
(c) Profile of the AFM image along while line in a. (d)
Segmented pore image.
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7-E4 % Fig. 8d IZ7RY. S HIID 2 fE{LE#ZE, KT
T & o TRIBROKMIZHLER B X IEHBREN ) 2
BT B EbHkS.

83 BREER

B AEKER 0.Inm VIV OBEEEZ DL, 351
BEHRCEREZ DD, F0kD, REMMNERD S
fiB sy O B FEIEMNARETH D, SEM 2 E & B LT
BEELEMEEDD. LML, CSIM DX DITHBED 3 &
TLBREZAET B EFE L.

9 EMFBETIVICEDIBEKERDOHE

AFM KXo TAIHML L BB ERTFHITT5 2 &iCk
S THONEHBESAT —F BLXUOKBEAELLSH
BMBSAT— Y EEMEBRETIICANL, BAREDHE
EVFRETHS. BEERTTI LR, SFLEREICBY
LB/K#EH % Hagen-Poiseuille DMHBEENOBEFRE
TOMMEREFEL, I7OLERTOBKE 2RI S
BARBREEHMET 5ETNTHS. IERNORNDOT S
AU TOBRMBRATRIZENTES.

Q= TwVvR*I/8u

QEIZSvIA, vIRREOEE, RIZHFEOERE, 111
BKER, wREEOHERETHS. ZOEFIIREA,
FrESU—ETN, BKRERETII (Kozaeny-Carman
Equation), X— v VEERRETI, Jv RV YHER
RMETNBREPREINTWSBR2. FYESU—EFI
TiX, AREOMETDT Iy 7 AOBRMES )L —HI&
MIESTEFBREE K KERTIEFINTHS.
K=0¢ 2 ri*f(ri)/8

OIXMIRRER, i BMBROER, fGH)XLHBAeRICEDS
EROMBRTEOERILTH S, BkEREFIVG, K
DOREEDSHMEOLREEE, FAKICYI S —R &Rk
SEEEBRBR (K) RE#RTDZEFINTHS.

K=Cs Ry
CsidIR7 7 7/ & —, RyIBEIKEE (BRROAR/BRD
KEHE) ThH5.

EOMBESAT—F 2ITIZ, UEOEFINEEHAL,
HEE U72B KR 58 Table 1 1TRY. £/, F—E#n5
FERURB 2 ENAR THE LA BEKBRLHRT.
HERF ORI, MHE 0.5MPa, EAMEICLZHET
BB, TNELEKTDE, EROMEEE#EE L EEHn
BRORRD. B, FYESU—EFIZ4HdARENE
29, CREREREBICERLEZMA/RERELVWS Z &
WKERTSTHAS. ZOMDET)I CIEER 1 HEE
THBOT, ZOMECHBTHEDMEEZSD. LAL, %
HERET I TRERORMRO M-S EEE O %
WREEL W, £/, ZOEFIINTRIA707 597 O



BFHh iy 7= FBI%

DEWBPERETH Y, FYRETOKRTTOREERES
ZETERY. AR TREN LS RECREL UZRBRE
BOF—2E IV EANCAVDI DI, BEoMES
ERLUEETLVORERLELLEZS.

10 E£&

ko X oz, #EY - BaROBBOTRIEB I 0%
DOEEMFEOIZHIT, X8 CT HEBIC X 2NHEEDIE
WEEBE, HEMELHBESCBEIELIHE, HER
Y —EERC X AHIR AT L, EERETRBSEC L
BEROBE, KFEAEIC L AHEBESHORE, KT
MBS L ABRAHEL, RUOSHEERETMICED
BABEDHEEEIT o7z, FFIEOEILR L RR% Table2
VR X B CT CRIFETIRTRERD Z LA TE,
AT F—HAD X BERANBZEIZX>THI Y
ny LNV OREBERED, PRVEHIREBTHD. B
L, CT EOMEIRERY FOIPE LY. FEABEEZA
BHETE, MBROLEFZEHMET CHRILT DR
TE BN, BIEORMEOMES 2 KRIZBEEND LW
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SR E%E B, CSLM THRBRICHIEOMEE b 22,
Me—, TR RF—LCTOBBRD 3 RIEBEFBLZ LR
TES (BL, v DOBRICLDZEREDCRANDH D).
SEM T, LD EEETCOBRENTETHLY, 2REF
DRI SR LT\ 5 SEM B O 2E )
NEET, TENZFEITICAWD Z ERHERRN. —F,
AFM TIREBICEHERTOBENFET, WEFHEIZE
BHEAE2 b0k, TOFMILEVEEZRETHZ LITX
S>THERD2ERITBEEBD Z N TE D KBEAETI,
BMEOE/D - BXRFMOMEE o, Lk, BRI
BERSHT—F 2B LR TES. £, BROKT
2HERE AV CEAMEREHET D20, BWERKET
NVERALE., ZOETFMIUIBBESAOT —F BSHE
THBH7H, AFM BXUOKREAERENTHD. £z,
BEEBECETIEES RV EVSESESTLERET LY
ERPD. —TRTERENIER S 2D, RFEIEK
SEOBRITITE SV, WU FUA—TREEREERET

BB, LA ERIT RS oPTTLEI LD THS.

FRUSOFETIE, EEEMDS, BEJISABAET
H5.

Tablel Permeability estimation by equivalent channel model.

Methods Models Intrinistic Permeability (darcy)
Mercury Intrusion Porosimeter Capillary Model 3.32x 107
Hydraulic Radius Model 331x10°
Marshall Probablistic Model 7.66 x 10°
Kuang-Holtz Probabilistic Model 7.85x10°
Atomic Force Microscope Capollary Model 1.05x 107
Hydraulic Radius Model 3.13x 107
Tri-axial compression machine 1.03x 10°

Table2 Advantages and disadvantages of each method for pore space visualization.

Methodology Advantage Disadvantage
X-ray CT Scan nondestt:uctlve: obse'rvatxon physical treatment of CT number
three-dimensional image
two-dimensional image
Colored epoxy resion pore space visuzalization not so good resolution (10 z m)
high viscosity of agent
CSLM three-dimentional image lifnitec? vert'ical profile (200 1 m)
high viscosity of agent
physical treatment of grading
SEM high resolution (100nm) data long period of t-butyl
replacement
Mercury Intrusion pore size disribution throat-shaped pore compaction of
Porosimeter easy measurement friable specimen
L . error of threshold at depth at
AFM quantitative topological data profile impossible observation of

high resolution (10nm)

friable specimen
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Pk, ZhbDEFEOBMAERREZBRLILER,
BIRED 3 Rl B EA DRI A 7074 —H R X #
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FEART S A —F—) AFM BRABREBEEAD. &
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