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Study on rock physical interpretation of geophysical data for geotechnical applications
(Part VIII)
- Estimation of permeability of soils and rocks with geophysical data (2)-
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Abstract: For developing an effective method to estimate permeability of soils and rocks using geophysical
data, we have studied a method using the Koseny-Carman equation (K-C equation) with porosity and grain
size estimated from geophysical data based on rock physics models. For an application of the proposed
method to unsaturated levee soils, S-wave velocity and resistivity profiles across the levee are input to the
unconsolidated sand model and the Glover’s model for estimating porosity and grain size of the soil, which
are employed in K-C equation to calculate permeability. Comparison of estimated permeability with actual
measurement by laboratory permeability test of soils sampled on an excavated levee section shows that
permeability is estimated in accuracy of around one order of magnitude for sandy and clayey soils. For an
application to hard sandstone core samples, S-wave velocity and resistivity measurements in the laboratory
are modeled by the shaly sand model and Archie’s equation to estimate clay content, which can be used for
calculating grain size. The grain size thus obtained and porosity derived from resistivity with the Archie’s
equation are utilized for calculating permeability with K-C equation. Many of compared data (about 75%)
agrees each other in the accuracy less than one order of magnitude.

Keywords: rock physics, geophysics, permeability, Koseny-Carman equation

FHHEARAEIR, No.15, p. 91-98 (2014)



1. [FLC®IC

HFIZBIb Dkk & 7y, FxEE, MiLicnT
M OB ANEAHEET D 2 & BAUERIGARIIZ
W, MO AKMEZ YR T 2720120, k5
BRIZAR—Y 7 fLaRHI L, 2 OFLN TR E %
AKikBi % T 57, IR L= EoaaR
e W CENZEKRRA T 5. L Laen
O, JNEPHOHEOF KR A HEE T 2 5A121E
ZEOR—Y VT HEREIT 2 0ERH Y, T
RSO K DR D T2/ 7T — 2 i D
HeEE AR SN, ERREOHEEREMET
TG LHDH. EDOX O REARIT, RHiFHE )
HANTHED T HWERAEIC L 21T — 2 )
BB KREAEHEE T 5 2 L3 TE U T ORI A
EIRENEEZD.

ZZT, AT, my s 74Ty I AET
WVEFIR U T OWERGA T — 4 1> D kG i
AR D 1RME A DRI & ERRL - ORI %
#eE L, a¥=—Hn1~r0x (Carman, 1956;
Mavko et al., 2009) (ZfRA L CiEAFREE KD
D FEOMAM R L5, EifG - R (2013)
(LI, AR EFRS) T, Aufnt2 s b HERE
PERCE CHUS ST — X IR FIEZ A L,
FERT— & L OxteEBE U T, HEERBE A ST
FPEDFHI 24T o 72, AT, IHIZ, Afafn
TEHMEA~ OB RAMEA TS5 Z & & B, 3T
JIEERS EOHFERA CHUS S 7 HEEGEE (S
W) LT — X ICEA AR T F£T
Wa OENEARR TG SN - B EEGEE (S
W) L HARPTT— 2 SEA L, s~ OAT
EOERPEIZ DN T 3517 - 7=

2. YEERET -2 EFALEKRROETES
&

PR kT 2 a B =— L~ oRUE, —
iz (DANTERSND GHEMITRTHRZHY) .

1P p 1
2(0-¢)7°

TIIT, K IEEAGEE, @R, 13O
RIS, TIERRTH .
ZOREFH L CRAMREAH T T 255, —
TIIAR—Y T TR LN A A D a7
BIOFEWNRBRIC K > TR B DRI & R
RAEns. LhrLans, Edom@yrR—yr 7
LAEFIHT 2 BTHFIN L. 22T, A%
CIIERE T LN DWEA IR L TG e 4
LHAE ORISR SRR A HEE L, aB=—DL~
ORI X VBB AHEET D, MBRREIX
BBROHEEIZHT- Ve 7 7 4y 7 ATHNG
NTWAEARETLVERWS. K11, ZZ T
Z59 2 FEZBIT D KREHEE O A 7~

st — (g0 | |
|

EARETIV (T—FORELET)

I
| |
( RS > (i@z”%ﬁ @*ﬁﬁé)
| |
|

a¥=—hL< DO

BE YN

1 BKEREEHEDRN




WA T AT DMBIRE T — 2 Dy 7 7 4 ¥y 7 A _— A2 LT fRIRBAN B 2 58(Z 0 8)

3. FEIFNEEHARICH (T HBERAMEOFHE

AR ClXfafn DEHE R O RET — %
Wi L CRHME 21T o 7228, & 2 CliERfEfino+
B g & E 2 HILHIIEEPIOLAE ETHAS S
T B — 2 (i TR A

3.1 LTEHEROKETE

R L7 — 213, &K 8m, (8 30m dyaf)1|
EEBACHEMI S 3 OTEERWRAIC K 2 M
REWTRRR CES SV hEZ T 7 41285 S
BOEECHD RHIED, 2012). T /UKIZIT,
EERARRIT T I D S eI & 3 Yot —
LD BIEST NS T 7 4 R E —E HA0E T
DB UMTH 2 V-, B O DRGSR 2
FMHT Gl R S X 7= BREIRF O 2 4 T Wik
LEbIT, K2ITRT. 2 M H HrE L3
EHHEPT, R L LG, ERRNLCH DREEL
DMELEHSPL, L LTE D2 b TNDH I e
DBOND.

ETMVENTCIE, £, TEMRAHEE T 57

DIZ, S B & HRIORRZ £ T /b 5.
AIFERIAIRE, S WOHEE L IR ORRA 7 v 7 7 4
DI AETILD 1O THDHREFEETET L
(Avseth et al., 2005) TFRT. EFT/VEHEIL,
il « HH(2009) [ZR T HIEIC T T o 72, BHRLC
LI A—2 2R 1T, ZNH0RT
A= THFR R HEHROE T /AR L
LD ERIU AT A= THD. HEMREEX
3@ITRT. RiLEA%E C % 20, 40, 60, 80%&
IS BTGB DEEFE L.

—75, WP E RBRROET ML, Aafnit
HEDGAIIET —F ORI TE 528, Afafn
HAECIIFHTE RV, 22C, 22T, 7—
FOREYFE LT Q RITRT 72— "DET )V
Zv /= (Glover et al., 2000). ZDOFET /L
LR C R SN S A EEL, ZhEho
RGN T —F ORITHALL LT BRI Y STo & B
ZEHENT-ET L THD.

X2

B R (RR : SRR,

SRS CTORYEREERER
L BEBTERyF (F: BT F KR fEED)

FR  EEER)

T SREE (FHR: =lE K% EEE)

93



(@

(b)

(¢

velocity (m/s)

S-wave

IS D<0 <OTOTE 7~
S
S

240

n]]f

2

220 |

200

I Il
= Model (C=20%)
=== Model (C=40%)
= = Model (C=60%)
=+ Model (C=80%)

=
o

N}
153

o
o

)

s
~

<
-
.

77
By
/!

20

30

40 50

60 70

Porosity (%)

| I
Model (C=20%)

* Model (C=80%)

Model (C=40%)
Model (C=60%)

-
-

-

60 70 80

Porosity (%)

I I I
® Data

——Model (C=20%)
——Model (C=30%)
——Model (C=40%)

400 500 600

Resistivity (ohm-m)

700 800 900 1000

X3 ETILETHER

(a)S BWEE LHEEEDRERZE C [IHLEER)
(b) teiB L PR DRERR (C (TR EH/ER)
(©) S BEE & IR OBEFRE C [IHLEHE,
D~@IFLERHEEHETT)

= HPHE—
&1 ETNAHEIERLAS A4S
n 5 Coordination number
®o 0.8 Critical porosity of soil
Keay | 21.0 GPa Bulk modulus of clay
Gaay | 3.0GPa Shear modulus of clay
Ksana | 36.6 GPa Bulk modulus of sand
Gsand | 45.0 GPa Shear modulus of sand
Kair 0.00015 GPa | Bulk modulus of pore fluid (air)
Reay | 20Qm Resistivity of clay
Rsana | 10,000 Qm Resistivity of sand
Ry 1x10%“Qm Resistivity of pore fluid (air)
m 1 Cementation factor
1 _ 1 log(1-¢™)/log(1-4) L,
E_Es(l 9) TR ¢ (2)

94

s

ZZiZ, R, R, R FTNERN, L2k JEE,
FIRRIRIADITCH 5. ¢ IIMIBRR, m 3B
%ﬁk@fﬂéﬁﬁf%é

ZT, HMEEOSE LERE, L OREDRDRL
T ERE RO 2R D7 D EIREL, HEED
AR A WL & RS RO SO i C 2%

9. 22T, I, Hashin—Shtrikman @ _E[R
A&y |, LT THE T Mavko et al., 2009).
L_L 31-0)AR
S R clay ﬁec/ay — CAR <3>
(AR = —————)—
Rclay Rsand

ZZIS, C SRR, R, & R, BTNER,
R BRI DIEF I CH D, ZOET LA
ANTR VTR THEG U T 23T A= %
WCEHR L7 R 2 X 3 (b) 1" T

TS FRPERR T & IO B & D RILR




A T3 2B T — 2 DR v 7 7 4 ¥y 7 A= AT LT EREANZ B3 2 0F78(Z D 8)

HRAEDED Z 2L, K3 ()ITRT S iR
L HIRHIOET ARG NS, KFITE, X 2
(T S POEE & IO FEiE A 7 e b (B
) T5ELEBHIT, ENOEMITEOREEA
L LT C=20, 30, 40%DHEOFHEAME 3ARKD
Hifk & U ORT. ZORNE, S B & ki a
Hznk, ML+ LOMTEAE, S0+
ERERAHEE CE D Z L 2R LTS, ERIT, 3
AROREEEARIIECTHT HND 4 ORI E
725 TEMRO 1 & A28 LT (FEFO~DTRY),
[ 2 |ZRd™ S PR & HHR T D HEE Lo -
BOARR AR AN, BHEIETE CRERR S it
B EAEME ISR T D HERERNRTHEE S
TWDHZ ENbD.

3.2 FKFHETEDHE

S PR EE & HRHT AN B X 3 (0) AR CHEA L
DOREEHERPHEETE D L, W ERLDIRER
IR ZARUET D & (4) U IV IR L8k
BRFHHTE 2.

d d

c s

1
d={£+1_c} (4)

22T, dIERLOFEREE, 4L diTENE
bR EoRERETHY, ZZTiEERER
Imm & 0. 005mm & L7-.

—7, K3OIIRT 7 m—"OET VTR E
HHRIL U7 VIR A VD 2 12 K0 ik
PUEADRIBRZHEE T 2 Z L8 TE 2.

ZAUD S W & HARH I HHERE L 7o RIS
EHEE ()RR att=—hr~vroRic
AT D LBAKBEDMGOND. HEE LToF/KR
B2 5 1 RT. ks, ZOFE TR
t &5 LRE L.

BRI CIE, BRELL 72 R0k 2 AV T=EN
FKRBNER SN TS, BVE + &Rkt
TR AR 2 1T FKAREUT L TR
DINOFEETHEE SILTWD Z L35,

Soil Type =2 FKRBUED LR
4 (BAASL om/s)
& FEHNE HEENH
3 WEE | 8.22x10™ | 107 -107
fht | 1.21x10° | 10° -107
L2
P LN WL ML LR ML 1
< o o (4] B H 3 -
Log K (cmis)
K4 #HELEHHK -
(:BEL 25T ER, 3 EREL, 48D
-2
8 -3
6 n 4
4
5
2||| I $|II|L1-11|II|I|I|.|
o b o g E m 8 B

5 HEEFEKFREEE



iy
=

4. FEEWEANOBERMEOIL

WITHEE R A A LR SR A9, b fil
M L7=7F—#1%, Han et al. (2011)1C K BRPAER
Bha W= ENERBRIC L D EROEE S ) &
HHEHOWET — 5 Th 5. D IXFRRHCRHRE
BB OHE HIT>TNDHDOT, T /MEIC
L DHEERERE OMGEN CTE 2 &5 2l L=

41 HEDMOHTE

6 (2% HAERBRICHEH L7z 63 skt
OFRAR A T, FERNIARE L RATHY,
FE TR 30%LL FOBIETEHEENTND Z LN
DhD. AESITHHRE AL STz 3 EkiE Tl
BWGHE & HRFTA R LTV A 3, 22 TiE
FHRIED/ NSV 8Pa DIFADHIET — 4 &1l
AL

uuuuuuuuu

6 63 EDNAGHE DI
(fits - SUHES, 1EEh  fHRK9%)
(F:BE &% KA 7 #Lt £ 7o)

96

= - AR

- >
— —

712 S BOREE & IR OBIRK 2R~ T
T T DT L E LTRIHENS Z 8D
ZVECHEWEET LV EEA L. T /LTI,
REFEETT NV CORERRE, FEEOWIEDRH
B Voigt-ReussHill ORE, FEAMRRTOY
PEDEEIZ Hertz-Mindlin ORE, (FEORRER
DA DPEDFHFIZ Hashin-Shtrikman ¢ LR
KEHW. 2hein ), 6), (1) RURF Mavko
et al., 2009).

Ks = [{(1 - C)Ksand + CKcIay }+ {;gcw +
sand

6. = [{(1 ~ )G, +CG,, J+ {IG‘ <

1
3
P

} {3n2<1—¢0)2Gf

HM

_ {M(l—%)ch

1822 (1-v,)? (©6)

) S-4v,
~|52-v,)

HM

273 (1-v,)’

i
3
P

-1

¢ -9
[ $o
Gy +Z2 G, +Z

G

)

dry

G, (9KS +8G,
6 K, +2G,

z )

IS, Ky Gy Kt Goands Kotayy Goray IRENLER,
BE, W, Mt oOEEREREAWERTHD. n
DENEL, @ BEESRERETH LS. v ITRED
ATV UT, K, GOBEETE D, ¢ IFRHMR
LTHY, G, PERRETOEAORNERTS
. ZOMEEBEENS S HEEFHFET L L
WTED. KitEAHRE =0, 10, 30%& Li=HE
ORFFREZX 7 IR LTz

—75, HAEPTE RIBREROBIRIC OV TIE, AR



A T3 2B T — 2 DR v 7 7 4 ¥y 7 A= AT LT EREANZ B3 2 0F78(Z D 8)

DEKEFRIE TITOIL TN D DT, 7—F O
MENLT % EBZ DD, X8 IZHHRPT & [HFR=R
DIFANEZ T, TR TR LT —FT DA T K
<HASILTWD Z &%,

G 2HHORRMN D S R & HRHTIORIR
EROIGERDK 9 THSH. T2 THHEEAR
0, 10, 30% DA DT T NV EHREZ RT), FEHIE
BREEEHEEN 1FHE T RNV EEZTORL
7o, K EEAROENC LB EEIE & ERNEOSY
HNEL—HELTWDE I ERDND.

4500 ‘

Model (C=0%)

====Model (C=10%)

= = Model (C=30%)
B Data

4000

3500

3000

2500

2000 u

1500

S—-wave velocity (m/s)

1000 =

500

15 20 25

Porosity (%)

T SFREEERHEEDOREFE CHEEAx)

30 35

-
o)
o

61731419

N
>
o

[
N
o

-
o] o
o o
| et

o)}
o

Resistivity (ohm-m)

N
o

N
o

e
R

10 15

—
30

o

0 5 20 25 35

Porosity (%)

X8 &R FR ERRET—FDH)

S-wave velocity (m/s)

Measured Permeability (mD)

97

4.2 FKEBOHEE
FREOMATIZ LY S PO & HIRI D HEE S
NWHRELEAHEDND (4) X W TROIZEHAD
SRR & T —F DRI FESW TR HHEE
L7-fprgz () R aP=—h L~ oRUfE
AU TEHAKREAHEE L, TREREZZTH5
CARE LTz, HERE L7 /KAR S SR & i L
ToRER A 10 17T, 2L DT —% (K 75%) 23
1 HILANOREEE CHEE ST D Z & 3bins.

4000

//
3500
ACL I -
3000
&
o0 ===
-
2500 -
2000
1500
1000 Model (C=0%)
====Model (C=10%)
= = Model (C=30%)
500 H
¢ Data (C<10)
® Data (C>10)
0 f
1 10 100 1000
Resistivity (ohm—-m)
B9 SEERRE L HIEROBGR CHEIEF®R)
1.E+04
1.E+03
& v
S ° 0' /,”
1.E+02 Tt .
5 o
. , /’
1.E401 e * a
,// e
1.E+00 '0;’4;
3
e h.d
1.E01 e
o® ..
e & ‘0 i
1.E-02 P *e -
- . ,1’
’»,,’
1E03 # e
1.E-04 “oe

1.E-04 1.E-03 1.E-02 1.E-01 1.E+00 1.E+01 1.E+02 1.E+03 1.E+04

Estimated Permeability (mD)
10 SRR (Mted) CHEE (&Eh) BEKEHODLEER



5. FLHESHDFE
WA T — & % O TR OB KRS & HE
T D ENTEIUL, TR DT KM 2 8
THULENRDHLGEIITEDOTHEITHD. £
2T, AWFZETIE RS A ORIER & RRL D
BN OB A HEET D2 =—TL~vD
KEFAL, WERET —Xiiay s 74Ty
ATHRESN TNV D EaET LV amA, #EEL
fBRSR &R 2 O CEARREZ RO D LV o387
LV TREO 6 A 5T L 7=

AR, Afn RS L OMEREM#CE T
FRJE T DAV S i & R Lz, AR
WO, S DICARAR B & L -C o) IEER
| COMFHFEE T DI S POERE & AR
\Z, FIAEEREOENRER TR DB EEE
(S ) EHEHTT—2ICEA AR BN
B, ME, MEEEL VYRR — DT
—XZ, Fio, EHUE HERSMEECE WEI L
R, WS S WD WD R D RPN LT,
ZORER, HEREMECE (W SV Ma) LIS CI,
PRS2 FHETHEE LB /KRS X EANE & 1 AT
DRNOETIIE AR L. ZoZelL, 4
b at=—ni~ RoBEAENEWHE
HEOM A Z BT, ARTEOR AL
X, ERAMOBESEZRLTWDEEAD. 4% S
DTG A FEA A, 6 R A X0 B L
TWETNWEEZD.

E iFR2

AHFGED 5 6, LI 27 —21%, H
A DK, 23-25 LR RERR BT SEBHTEBIAK
WEOHTHLNT- b DT 5. ABRHAFZEITR
HORF R L PR ORI Sz, Yo =
—a L o (BR) ORI, RTHEFDRI, v

98

- >
— —

B4 IC & IR T 72, (ZRC U4
L. Fiz, WEEEDHIZHTZVBIE W2
HeEZ: B T B2 b NZBUGIIRY A S DfE
(Es= QR 7y LAY o e Y e E 5 e w3 T B i3 L4
RO AL 5.

e PG\

Avseth, P, Mukerji, T. and Mavko, G (2005):
Quantitative seismic interpretation, Cambridge
University Press.

Carman, P.C. (1956): Flow of gases through porous
media, Academic Press Inc., Butterworths Sc. Pul.,
London.

Glover, PWJ., PJ. Hole and J. Pous (2000): A
modified Archie’s law for two conducting phases,
Earth and Planetary Science Letters, 180, 369-383.

Mavko, G., Mukerji, T. and Dvorkin, J. (2009): The
rock physics handbook, second edition, Cambridge
University Press.

KRR - AR - il - ARRAERSC(2012) -
BSREEBL R BOHIG D72 80 D 3 Wt ALY —
VR ORPRERFI SRS AT A0S (20D 2)
— 3WITAIH LY — VO EE —, B
5 127 [T R SO, 67-69.

A F - HFHE - (2000) - HERTAEICIBT S
BRET =2 0Ouy 7 T 4Ty I Ak R— R
(Z LTI B9 20198 (20 3) —1+H
HEA~DEAET VO A B DT —,
TR HUERTFETRA, No. 10, 123-132.

G - EFHE—(2013) - R TR 59
HRET =2 DOuy 7 T 4Ty I A=
(& UTZRIREC B 2058 (20 7) — et
AT — 2 X DK DOHEE —, TRIHIE
WFTERTHH, No. 14, 165-172.

=

5

N
=

=





