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Sfudies oh'the Elastic Wave Velocity in Clastic Rock
Part I Fffect of Water Content on Elastic Wave Velocity in Clastic Rock
‘By
Shc")gaburé Nagumov

Abstract

1. Introduection . A o
As regards the effect of water content on the élastic wave velécity in clastic rock,
. it has already been studied by many investigators : 'K. lida,*®® D. S. Hughes,” J. E.
White R. L. Sengbush'® .and others. ' ‘

Some discrepancy- in. their results, however, shows'us that the effect should be

examined and explained in connection with the texture, degree of lithofication and phys1ca1
property in clastlc rock.

The examination of the effect on the bases of the physical property of clastic rock
will lead to a better understaﬁding of velocity controlling factors, and undoubtedly pro-
mote the geological interpretation of seismic data, ,

The writer, firstly, carried out some experlments on the medium and coarse sand-

" stone, whose elastic wave velocity ranges from about 4km/sec to 2km/sec,  and on a few

samples of shale.

2. Experimental Procedure

- Longitudinal wave velocity is measured by using ultrasonic pulse method, which was

pioneered by D. S. Hughes?) and developed by many others.”'”'? The principle of our
measuring apparé’cus is similar to those of above investigators. The brief description of
block diagram and circuits diagram is presented in the Appendix I. Ba TiO; discs of 30 mm
in diameter and 4 mm in thickness were used for transmitter and receiver respectively.
An example of photographic records is illustrated in Fig. 1. )

The size of a rock specimen is almost 5 cm in diameter and 5~8cm long. In order
to achieve the water saturation, dry specxmen was plag:_ed in a metal box attached to a
vacuum pump, which was run 1 hour at 0.002 mm Hg, and then was immersed in distilled
water which had been de-aerated in vacuum. Air was then slowly admitted, and the

’ specimen was kept in water for 7 days. ‘ »

Velocity variation was measured in the evaporatmn process under room temperature
about 25°C and atmospheric pressure.

After natural evaporation, Specnnen was dryed by using infrared ray, and then in

an oven at, 110°C for 2 hours,
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3. Experimental Results

The samples used in this experlment were tabulated in Table 1.

Variation of longitudinal wave velocity with respect to water content in medium
and coarse. eandstone is illustrated in Fig. 2 and that in shale is in Fig. 6 and in Table
2. Relation between velocity and porosity in sandstone is illustfated in Fig. 4, In sand-
stone, the wave velocity:water content curve. is generally composed of 2 components,"
namely, increasing componeﬁt and the other decreasing component “in propol:tion to the

water content.

4. Discuséion of Results )

Water in clastic rock is classified into crystalline water, absorbed water, -connate
water, Conta(;t moisture and free water according to its condition. The condition where
free water or contact moisture exist is generally called ““ funicular stage > or * pendicular
stage ”’ respectively. Among these waters, only free water and contaet moisture are thought
to ’affect on the elastic property of clastic rock under the present experir‘nentél condition,

The processes through which each water affects on the elastic property may be
classified into'( 1) mechanical process, which is the mechanical interaction between water
and elastic. constituent particles, and (2) chemical process, which involves ¢complex chemi--
cal interaction between water and cementing materials. The latter process, as shown in
the text book of soil mechanics*’”? is so complex that the following diséussipn is limited
in the former process. The mechanical effect of each water is examined under the
model of granular substances fixed on contact plane.

‘1) Pendicular Stage

In pendicular stage, capillary pressure is caused by contact moisture in the granular
substance. The variation of the velocity was calculated with respect to various particle
size and teblated in Table 4. ,’ . )

- As regards constituent par:cicles, the capillary pressure is equivalent to the external
pressure, The effect of external pressure on the elastic propertjr of granular substance
has already been treated by T. Takahashi and Y. Sato.!¥ The model, howevef, couldn’t
: explain the high velocity in clastic rock under the atmospheﬁc pressure, In order to
improve this point, a mod1ﬁcat10n was made on thelr theory to the case where the parti- ‘
" cles are fixed on the contact. plane The descnptmn of the theory is presented in -
Appendix II. C )

The longitudinal wave Velom‘cy V* through the’ granular substance, of whlch
. particles are fixed on ‘the contact plane, is as follows :

Vy¥= 1/V12+ TV, v » ) '
where ‘

Vit = 0.865 (.—1’%)2/ : (‘%)'2/ : (%)’1/ “Vetts pis
P=Pn+Py '
V, = longitudinal wave velocity under P = O
Vo : longitudinal wave velocity of the particle
P, : external pressure
Py, : capillary pressure
N : number of contact sphere

o : density of the particle
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p*: apparent density of the granular substance

Variation of the velocity with respect to the pressure P is graphically illustrated in

Fig. 1 of Appendix II, and is numerically tabulated in Table 4 for pressure range 0-100

bar. By using Tables 3 and 4, the ambunt of velocity increases due to capillary pressure
"can be inferred with respect to both the various particles size and'various. longitudinal
wave velocity V. ' ‘ ,

For example, When the velocity V, is 2. 0~4 0 km/sec the amount of velocity increase
is only .30 m/s~10m/s in the case of particle size of 0.1 mm, and is 200 m/s~100 m/s in

the case of particle size of 1x10° mm.

Consequently, the velocity increase due to forced dry/in sandstone, as seen in the/

' left side of Fig, 2, is inferred through the caplllary pressure appeared in the matrix and
cement among partlcles
On the otherhand, no velocity increase due to- dry in shale is ldeduced from un-
suitability of the granular model of clay size for sha]e. This phenomenon is due to the
property of shale, which is likely to break into pieces with water saturation. Dr. Lida’s
experirfxent on soft sediment, however, had shown the velocity increase with dry.
’ This is very. suggestive for the further study on the change of elastic property
through lithofication prdcess from soft sandstone of shale.
72) ’Funiculaf Stage
In funicylar stage, free water plays a role in the elastic property of rock through
‘mechanical interaction thh const1tuent elastic particle. k
_ F. Gassmann® studied the effect of saturated water on the elastic property of
porous medium. Accord;ng to his paper, the relations of elastic constants between satura-

tion and dry conditions are

~ kBt . B (kE—E
=) |
u =g, ' ’
p=p+mn,
0.=0(1~—n),

where : ‘
k, k : bulk modulus of porous media in saturation and dry respectively

u, & : rigidity modulus of porous media in saturation and dry respectively.

¢, 0 : apparent densities modulus of porous media in saturation and dry respectively
1%, g :

bulk - modulus of constituent material and water
: density of constituent material ’
# : porosity
- The above relation between bulk modulus % and k2 is graphically illustrated in
Fig. 7. ' o

As regards r1g1d1ty, F. Gassmann assumed that rlgxdlty of. the framework does not
change with water saturation. }

Instead of this assumption, we shall be able to assume that the Poisson’s ratio
does not change due to the saturation condition. Under this assumption, wave velocity
variation in saturatidn condition was calculated, and illuétrated in Fig. 7 (in the case of
¢ = 7) and in Fig. 8 (in the case of z = 7). '

Comparison of experimental data and. these. calculated values was tabulated in

Table 5. ’ ‘ = : S
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In this comparison, minimum velocity in experiments corresponds to the dry velocity
in F. Gassmann’s theory, because Gassmann’s dry velocity means the veloci’Ey of the fra-
mework., As regérds sandstone, under the assumption of g = g, the increased value of
calculated velocity‘ in saturétion condition is about 50 % of the experimental result. Under
the assumption of ¢ =& = 0'25 however, the comformity between calculated value and

‘expemmental value is striking.

Concerning the variation of Po1sson s ra‘uo with saturation, it will be examined by
experiment in- future.’
5. Summary and Conclusion - . T

Variation of longitudinal wave velocity with ‘respect' to water content Was measured
for medium and coarse sandstone and shale specimens, which were obtained from boring
cores of paléogene coal'beaﬁng formation. The experimental results were examined under
‘the model of grénular substances fixed on the contact plane,

The factors which control the elastic property of elastic rock with water saturation
under room temperature and atmospheric pressure'are the elastic property of framework

itself, internal pressure caused by capillary pressure in matrik and cement and the
mechanical interaction between elastic particles and contained water.

Wave velocity-water content curve is génerally composed of 2 elements, namely, in-

- creasing and decreasing components. ' ' ‘ .

The former is the effectﬂolf mechanical interaction between elastic particle and con-
tained water, and the latter is the effect of internal pressure appeared.in matrix and
k cementing. material.

‘Results obtained for sandstone are as follows : v .

(1) Longitudinal wave velocity remarkably decreases as satqr_ation is reduced from -
10 % to 20~3Q %. 'The velocity. variation due to saturation is controlled by the elastic
property of framework and the interaction between elastic particles and contained water.
The amount of this velocity variation in saturation condiﬁon is explained very well be
the F. Gassman.n’s fheory, if his assumption of rigidity invariant (u = &) due to satura; .
tion is,replaced by the new assumption of Poisson’s ratio invariant (¢ = @).

(2) "As water content is reduced from 20~30 % to dry condition, longitudinal wave
veloéity increases again"a little amount, This velocity variation is controlled by the internal
pressure and framework. .

The increase amount of this velocity in dry condltlon is explained by the mternal
pressure caused by capillary pressure among matrix and cement in sandstone.

Result obtamed for shale is as follows: . .

(3) Wave velocity is nearly constant from 100 % to 30~40 % saturation, and then
decreases below that Water content. Velocity increase in dry condition. was too small to -
be recogmzed '

~ The model of granular substances.of clay size does not seem to be suitable to shale,

A

Appendix I. Apparatus

Brief descnpt:on of the apparatus was presented-in block diagram (Fig. 1) and

c1rcu1ts diagram (Figs. 2, 3, 4), though circuits are currently improved.

30— (508)



RIB S % B 5 LGRS OB T 5 P

(FAEZIB=RE)

Appendix II. On the elastic property of granular substances of which
particles are fixed on the contact plane

T. Takahashi and Y. Sato’s theory'¥ on the elastic property of granular substances

was extended to the case where the particles are fixed on the contact plane.

Binding

“forces between particles, which ‘were taken into consideration this time, are '

(1) bindiug force due to the external pressure,

(2) binding force due to internal pressure caused by contact moisture,

(3) - bmdmg force due to cementmg material;

Elastic wave velocity though dry clastm rock under atmospheric pressure may de-

pends upon the latter two factors.

Elastic energy par unit volume was calculated by sta’uc stress-strain cons:deratlon
The elastic wave velocity was, then, obtained by using Takahashi-Sato’s theory.

The longitudinal wave velocity V,* through the granular substance of which
particles are fixed at the contact plane, becomes

where

A

ve »Aosss(lo)/s(”*)ﬁh( )/3 Vit s

P= P01+P02

V, : longitudinal wave velocity under P = O

V, 1 longitudinal wave veloc1ty of material of the part1cle

P,; : external pressure
Py, : .capillary pressure

# : number of contact sphere

0 : dens1ty of material of the partlcle

o*: apparent denslty of the granular substance
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I Lo TRA SN T2 BREHEAGEEOK & 34
B SREDTEY,
2H0C, SEORRIMECIHE LA ST BAH
ENABNC LB BTG, —HEWRERE KIC
B Lea, BRENOLBOANMNCBEERIC X OTE
A LT < K, BHEAD B WISk &R, TDk
OB funicular stage &EENTWD, F2ED%
SRR B X 284, funicular stage ZH DkIFFE
C EWCEE UCER LTV B, HERERKT D EMK
BT OEMEIRD AIRBCERARY, RERIEC
FOTHTRICEINDG, COXRMIWDY BBk
(contact moisture) &BEFN, ZDEKDIREEL pendi-
cular stage ELIFIENTWD, LEFDTEHED ER
B, CNBEEA, BAkDOEE R EDIHEEER
BETEEEZLTWEBDEEALND, '

BTN REA IR E DT

BB (b s MIEIRE T 5 K (RRWI=FD)

CNBOHEMK, BEAKDORIBE DBELEIC Y
FERETERE LTE, 110, KEBBETELT
OHIBRLT = OB R &, 8210, Chbok
B A v T & ORI T A R LR & 25
EADNB, BER, Yk, FALDBVEEERT
DYITHER DEAL, B B NRBAI LN & 4,

R L E IR OEREY Y KHAIN TS S

CHRECEBELOT, SENZET, £ 1 OMEREEE
BleowtERERE, TNCEOTLSEOERBEES
FOREIHEINS 23D TARTA D, '
WHEIE DN COREBGRE e 22 L, 2D

DBEENPDBRINIDOCHEIC EPDDI D, 1DFASE
EREmITAHmOdOTEHY,

D 1okD & &
RO TIERDODDOTH B0 € L TREREN20~
B0BDFTIC A BND, BRFBEBETDH SEDOILTDD
WAEIREET funicular stage 75 pendicular stage
CBBBAEPU%TH BT & LN TNBDTY,
COBREORIKIZIBE B TORBIEHETEHDOLE
AbNd, LR DOTET funicular stage, pendicular
stage DT N-ENORBICONT #fuk, EHHkEH
MR & ORI E AR 5 TR Th B,

4.1 Pendicular stage [CDWT

Pendicular stage &3\, Ak S BT E
SKECE < BENCE ST, RTHECHeEERE

® 6 B B Aok S
Contact Moisture

23, N & DTEST DR TRIOENGBEES (cap-

" illary pressure) EMHEN D, H6XD & 5 CEflL 7z

LR OWHIRDEA R ONWTCOBEEI P

pe 1l 2aT v
T r 1+tan 6/2
{r: RO EE
T: 7kDEHEES, 75dyne/cm

CTEDEN, TOENDOKEZIHEIRDOBITCHD.
COFEENS, BEETFO/KTCHLTE, BRO

MNBPBIERTBENL L EMTHDLEABND,
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3K BaOREIDHMTFHEETIEEES .
Capillary Pressure Appeared among Particles
of Various Size ‘

i 1
sand l silt | - clay

KF Oy 100 | 1x102 | 1%10° | 110 | 1107
£ (mm) . i .

HEET
(kg/cm2)

0.005 | 0.05 | 0.47 4.7 | 47

LAROBHIRO OV ADENL, WHOBHRIIKE

| SNT OIREH DB ST « BEOERY
Bd D, SETOEME, WEIICHT & 518, SMEE
HOENE, &R Y MEPIGE KT EORAT BEE
THHAICHE L TAE, FTADD, SMREHOENS
Sl a DIEDEES D ORRMIBICONT, FiEOE
HOYBRT~ TR, HAGHE [ 23RN,
COREREEREE VNS .
Vo*=1/ VgV
Vi =0.865(—2 VY %)"2/ "(%)1/ *Vyt/s PY/o

10,/
Vo P=0 OBEORUMEE
P =Py 4Py

Pn1, Poz: &F%B, W%BEjJ
Ve: BTFOWEDOHEERE
0: HTFOWHEDHE

p*: RCRBIE DL DT LE
n: BEART Ok

THEDEND, COMRBIMETLE L RCHRLTDS
2, TOENOES 0~100 bar DEH & & bICHMC
RBEDIERCLTEDEHEIERDL SR D,

B3%, FLRIDEAOKEIORTHICET 2S

(8% %9 %) .
BENCE>CEIMEEEOHINE, BADV, 2D
D BRICOWTRBE, HIAE 0.1 mm BE O M
BFC & oC B2 HEBORE © BN Ve 28 2.0~4.0
km/sec 0:}3‘v\‘(10~30m/sec BECHY, 1xX10°mm
BEORERTIC kDT #5213, 100~200 mjsec
BRELES, LEAoTHE s RICAbIS X5 5 «
BRI DWW CORRIC & 2MEHINE, b LERIC X
PREEHNOHERCEDDOCHD LTI, THUEF. -
FRADE &\ 5 B R OZ AR < SRR A TR
EFBEEENCE2BOCEAL, HFRHO TN
LOMINETFO~ ) v 2 25202 v ORI
RETDBEENCEIDDOTH S LHEEND,
CHICR L, BT rbBRENTHEERCON
T, BRI & DM 2 B NANS, T, A
EOWTIRER FRIEOK & S ORIERO D0 £

CEVSEFARDTRELAVDOLELLND, T

D5, BEED LD EMENTFIDBEINTNHD
THBP, ALt A TR FRIOK A ABIC D
T, HxORERFORTE LTORERRDN TR
BOLEZIBND, COZLR, BECkDEEEER
0, HRXEVTEL, {PFTNBZOTEAELENS S,
& 7effla ORI RTF AR LENENS bbb HD
BEHTEEND, LB CHEECOWTRRKOE
FARSLHTREZHDELTH, BENTFOKRE X
&, HEEVIEHORT MERTEE O BT CRA
<, DL REVERRNTEEZALDNEZLEDNS,
FRE G IZHEE 600m/sec TREDTWH+IZ DWW,
EREE DEEOBRIERE L TWDIOT, HEDME
Té D siltstone, mudstone HIZDNCERERT, A
b Qithofication) (P75 BAMEAGIER D Z{E% X Blo

FAE Bar0 V, ¥y ORRWERED 2 BEREEOENIC X 351k
Velocity Increase due to Pressure for Granular Substances of Various V,

—_FEF1 (bar) ‘ o '
Tt -0 0.01 0.1 1.0 10.0 50.0 -100.0

Vo mye) . (m/s) (m/s) (m/s) (m/s) (m/s) (m/s) (m/s)
0 0 230 338 497 729 982 -+ 1,070
500 500 . 541 604 705 884 1,076 1,170
1,000 1,000 1,026 " 1,055 1,117 1,237 1,381 1,464
1,500 1,500 1,518 1,538 1,580 1,668 1,777 |, 1,842
2,000 2,000 2,013 2,028 2,061 2,129 2,215 ‘ 2,268
2,500 2,500 2,501 2,523 2,549 2,604 2,675 2,719
3,000 3,000 3,009 3,019 03,041 3,087 3,148 3,184
3,500 3,500 3,507 3,516 3,536 3,575 3,628 3,659
4,000 4,000 4,006 4,014 4,031 - 4,066 4,112 4,140
4,500 4,500 4,505 4,512 " 4,528 4,559 4,600 4,625
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4.2 Funicular stage [ZDWL T

Funicular stage &b 2klE, BFED
ABEHECKEL S 20T, dROHT
MICBEEDTSRELEVS, BALKE
LTk A EERE DA E LT oy
PBRDNTCLDCTHS5, F. Gassmann”

Z, FLBEDD DI OWT, EAE

BB d DG OFERE L, ThICk
L, KDBEIM U7z &R O KRR
2, KPDBEN & X O KBREROIT
iz, R EDOERBRBER = kDR
REDP 3 PHDERBMER D >C,
RESBDCEBRLTND, BANREL

I
D% Ty
§ Ty
SR il inin TN
LR RWE ‘
' T A
PR AW (reozs ath)
RRTTY ELHETN N L T
GEDS A.er, i
Langitudinal Wive Velocity i P4
B, 30
X5
§\"'f P,
Fls'! 1 ] o}
N |1 1
SE ot = el
S % 20 i
g1 1] L1 g
B = &
3 N
A o
Y} P NN
* & L E P
10 2 8 e LT TN
k¢ t~
2 S'..;
2 Nk R
T ) 5
§ |
i
o o 20 . = N
E(no") REER exrd R IFE AR
Butk Modulus in Ory Porosily

%78 F. Gassmann ZEARK X 5 SBIRIE £ SR & 1K o0 5 A REBEES

¥ FOWIEEE (c=0=1/+ OHAD) BF

FIRIRRE & O RRBMER O WG, P
Gassmann 7 5332

Variation of Bulk Modulus and Chart of Longitudinal Wax.le Velocity » k=% k+Q -, Q LS (15—-5)

Variation in the Case of 0=5=1/s for Porous Medium with Saturation _ k+Q n(k—-k) ’

(%7 B .

k' roBRE p=0+n, =0 (1-n)

p=p ~ E+Q o= E(k— @ 7T . .
E+Q° n(k—k) /k, k: f@AREE, IR BT BB

k=37.0x10" C.G.S. u, oz BURVRIE, SZERIRARIC B BHMER

k=2.10%x10" C.G.S. o, 7: HUAVRER, WERBCBTDA0TE

$=2.66 k k: BAOMEME, KOKEMHESR

27>B?LF$$ N HENRTRA—RE—~ K LTRD T,
HRRAE, SRRERC YT B HLEHEE (D), v) B, ®°
TYVHEE0.25 ERELT i

— 7 : : )
@p:/ F+52  smp(i—w), 3=0.25
p

L ‘
v,,;\/M, o=8+n, p=0.25
o .

ﬁ)Bi@ko

C O FEEERED, FHERE () > bAMRE
(k) w#Ems s 8, LERo,TEE, T kB
INEVCEEREL BTV BIREFERLTCN S

kv, EUOMMREE, HEEGEE L, AFERUEE, I
BEELOBEFBERLTV S LDT, COMEDMHECF O
1R P AEBRTRLTIECE, T b b 0,=2.5
km/sec, #=0.010 DE-HBIC D\ CEFVREE © HEgkHEs
BRD BEAKE, T ERKCINT, 7,=2.5km/sec
Ol ELEY, n=0.10 LOKE®I6IZL D, DM
B TRIEARTE E BRDBO, k=8.3X10"° 7D, &
BICTFIcIs s LT k- HfREED #=0.10 Lt ORK L% I
2%, COEEKBPCEROIFLTVW & kXKD
o, b=17.4X100 L7225, COBEY I bIRARMLTY
&, HUWHO bn HEEE ICISVT2=0.10 £ D ZcHY
$IZ D, EE Up BT A— X~ Lk kn WEREED
bEERT T, FUFAREIC o0 5 HEBHEEE S vy
=3.55kmfsec ER»bh p, MRREOHE v, L3
BRERBEZ Bk, BBRBOREE 0, 2RO KK
EOBEXERTZEER,

D u=3k OCABENB XK,

p: EHHOBBEMEOILE
n: OB ER

LEDTND, CORDPB k &k & ORIES thx DI

R nCOWTHRELCRSEETROLSICED, &

72T BHEEEE O MEIREE, SANRRE & ORIRE &
WTARDEESHDELSICAED, F. Gassmann 1FK5
$IRNC & D CRIMERPE D B AW LRE L7, Eof

DUV RT Y VHPEIL L AW ERE L CEERIRE O E

LEARI LR L OBIRERD TR B LETROE 5
%%, F, Gassmann O3 EERAE & U5 DIZE
EN2&{ELThAVBATHY, TORMHEER
frame DZNEEDLTCNEHDEDT, EBRCEDL
Nz R(EHEE F. Gassmann D3 EZEREE 03315
DEECRET2DDLEEABND, LESDOTERT
185 N RIEMEE D DAIFIRIBIC 3 1 B A~ ORI IR
&, MEOHRNCTHENDHMEL 2 B L T2
LESRDES RS, CNEARDE, HIERIAEDD
BN (p=a) EWSREDD &, TR SN
BEEREONWSEETD Do LDDLRT Y VIS
EbbEWN(6=5=0.2)E VWS REDD & TiE, Fo5k
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# 8K F. Gassmanﬁ DHFRIE & B EERG & RITRE,
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Longitudinal Wowe Velocidy in Dry

#u3 ML R (Ot )

LT HIRECEE (=1 OBHA) OFE
Variation' of Longitudinal Wave Velocity with
Water Saturation for Porous Medium in the

Case of p=pn, after F. Gassmann’s Theory

(% 8 WD FHA)

fEAIRBBC 36 2 HEBHEE I, @ﬁ$u#%@&%0

EREELRRNELT,

vp:’/ k+‘?ﬁ
p .

H=g

5%

EFFAH (8% %‘-93)

p=0+n
PHEROEBDCH D, FHBREBECOWTEETRLR
Cs .

C, MREGERECEIZER—HLTWB, kD
BN & DMPREOHMBCD LS CFE LI RENT
&, TLTCEDRD F, Gassmann OMERIC & DT, &
REDRIMRARE LW RERRT Y VHAELEWI R
FEHEPABCLICEOTERMCHTIND LS
ca@#%km%@mc&f@é&uéoK?VV%%
LK EDTEDBAENE WS RECONTIE, BHE
BOWEDWETE 2 X5 I LTRE LN EBD T
ﬁ(kﬂ@}@%#ﬁﬁiﬂ]k 575U funicular stage 123
DB/ DONTR, HBRMER Y EDILTHEY, L
L, ABDPEHCE CTERT 2RI, koK
PR FEE & OBEER Pl ko CORERR (retardation
time) LIREN S BEMAN > DT, TORERA
& 0 DENRERNCE LT D50 Ui, funicular
stage W&H DKk D, EfEEE D DMK E UTER
?é%@k%%f%&m&@5 Liedo>C, kDR
i AN CONTREICEEREM L= WDTh X
LohABnERDNZ, F - HRNDEDOEAL, BE
OHE L CEOMMOBATREDTND LN C &,
%7z D.S. Hughes® OWEICK TR, S EOER
Liﬂ@@béﬁa@%ﬂkﬁmkwick@ A
HELTW2RFEHEHT 2 W A0 bAR2D &, 9!5@
L@%@vﬁétéé&uéo

mr;%ﬁ&ﬁ%ﬁMO%ﬁﬁkF(h%mmnrxbﬁ B & O B

Comparison of Experimental Value with Theoretical Value Velocity Increase with Saturation

F. Gassmann 1< X 2 ¥z

BROFEE 7 a7~ AEALGE e/ R B %g%*ﬂﬁ% | {& (theoretical value)
effective minimum PO 3
. . - velocity in o p=-k
porosity velocity . saturation L=F . 5
description number (6=0.25)
] (%) (km/sec) (km/sec) (km/sec) km/sec)
No. 325-1 6.1 2.90 3.86 3.50 3.95
o No. 325-2 9.1 2.50 3.72 3.12 3.70
HH No. 317 2.2 4.30 - 5.06 4.44 4.90
pA No. 300-1 . 3.7 3.35 4.43 3.80 4.40
B No. 300-2 5.0 3.35 4.52 - 3.76 4.15
= - No. 265 9.5 2.80 3.88 3.28 3.70
(sandstone) ‘No. 242-2 11.0 2.60 3.75 3.07 3.55
- ' No. 10 15.2 2.50 3.17 2.90 3.30
B ) No. 173-3 5.1 "3.30 4.07 3.76 4.15
(s§21e) No. 22 13.0 2.30 ©2.90 2.90 3.35
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