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e ABSTRACT L

An-apparatus has been designed and constructed <o determine -
’accurate\y, us\ng the pulse transm{sswn metlr;d, cumpresswna] (& 1%)

and shear (1 2%) wave ve'lacit\es as functmns of temperature and

N pressure A slqmﬂcant feawre of | the deslgn, midde’ possnﬂg by -

stack’mg the, plezoe]ectric transmittmg and rece1vlng P aﬂd S-wave -

transducers, is the. ahlhty ‘to measure-both shear and cwpressinnal

; e'locxties with each experlment The device.has been employed to.

Study sed mentary core samples taken frnm wens on the Lahrador

" SheTKtand the: Grand-Banks “Gf Newfcundland: m:h a few exceptmns the

'_ resu]ts shcw quahtanve agreement m th Bfot s theory fur V' agatmn

“.6felastic vayes. throigh porous soltds. “conparison with wa oy

velocities,: however; shows ‘significant dlscrepan:xes whvch arise

ior several reasons ¢ Cal 5 Y - X; 4
: Ve'loc’«ty amsotropy has ‘been cbserved hetween amp]es t.aken
“paraliel and perpendlcu!ar to the bedding p]ane THE Tlosg extyeme

case exh\bned an anisotroplc effect of 10%. T)

dominant mechanisms
. .propused to@xpmn amsotrapy are crack and pore aliginent and.
inhomogeneous di str!huhon of rogk constituents,
The efféct of temperature is found’ to ‘be smn’ﬂ cnmpared with
the influence of hydrostatic pressurEA A 46°C change. in: temperature
in the range studied. (7%¢ - 90°C) dues not -affect ve]ocltles by*

*nore than 2%.
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CHAPTER 1}

1. lntroductmn ,

5 “In the ﬁelds of petro]eum and geahgical eng\neering and . - - 7 3

geophysics cans1derah1e interest is given to detemim ng com-

préssioal and shear vave yelocties and, attenuation n fluid’

“saturated and dry sedimentary rocks. ’The mee main panmeters o W nley ™Ry

that affect the attenuatiqn and ve]ocities are overburden nnd

pore fluid pressures the tyve of saturant, and " the. degree of

¢

so11d matrix anisotropy. " ‘As.examples, geu1og1ca1 e!!g'ineers

b ‘Who' choose’ $ites for Jarge structires need to. know'the * influence

of viater saturation and pore pressufé on the strength and elastic = -

moduli.  Mechanisms of dri1ling (and'blasting) can'be. better

;understgod by determining “dynami c eia‘sn‘c nodu1d fom- veloti ty,

measurﬂnents. Ccrrect |nterpretatlon uf earth eructures as’ ¥

derived from SE\SI“C recurds mus ‘.ncorpcrate know]adge -of how

4 "confiining - pressure affects wave velocities. | chr{ tensen et al.”

(1973) shovied that it is passlb'le to derive the smc:me of

. dcean floor layenng by, using the differing, Tirear re'latmns’nps’
between Vp and Vs for sedmentary and basalti¢ vock. In order

to use acoushc ve'luch.y Tog records effechve]y, the pet’

1ndustry requwes detaﬂed kmwledge nf huw ve]ncIties are af- F s Al N




iwhcations of ve‘loc!:y -easvrunents in the hborntory where -
plrameters that affect the velon ty can be independently con-. -

trnnedind menitored. -‘ - : =)
2. Velocity. Tzchnlgue PR T o PR WL
The earliest Taborstory studies uf se's-lc velocities en- ;

[

. Shgar wave_ ve1 ocmas have been -easured a msphen: ~o3

- sure usmg first arrlvi! metMs devﬂoped by Pese‘rn(ck and‘l‘etl ke e P




iy e conversion aL a’ free surface,

G 7 Studies have also been ~done using the rzsnnant har techmque

In this ‘case a rock sample is forced to vibrate! in one of severgL g

des at the associated resonant freguency. Ther‘e ex!st

normal

fairly sinpld® re1atmn§mps between resgnant frequencies apd

3 e'lastic wave ve]onues for hmgeneous isotruprc mteﬂﬂs Thi?
" method: was  use
. of ¢ asticwaves as'a function of. confiryng prgssure and vartous

14 Satirants, vitficulties wii o require corrections, are e

b die to confmmg yressnr

e
Another technique useB'to determ'ne ‘shest anid “con res\sﬂi’ al
. wave ve1oc1ties is the cr“itica'l ang'le method King and Fatt (1952)

“used barwm ti tanate transducers to -cause & Iziraﬂe'l beam nf n'l tn~

| sonic energy to; wp1nge, v1a a \1qu'¥d ﬁ'l]ed bath on one fdce o

" a_parallel. sided:rock sample which: was free ® rutate about an ‘axis
"perpenmcuhr to the bear’ in’‘the 1iquid,: A siéond trunsducer sm-
" ated on the opposite s1de of “the'sample and lncated o the xig ]
; of the b m picked up an,v transmitted energy The laus of u;mcs E

for reflectlor\ am refraction at bouwdanes 6f different media
can be used alnng with t)le known ve]acity of snund 1n the 'hquid

" and the ang]es at whieh mmima appear”in transnntted energy,

K
/Y determine v and Vb For. the ‘rock sample. ~ This methnd. however,’ .




-

does’ have certain linitations.. A narvow beam requires a hig|

fraquency source, but the vavelength is restricted by the largest

gram‘ or pore s\ze of the rock. .In practise, it is only when the

sample is of a certain optlmum thickness, which depends on the

shear wavelength in the - mater‘a’l and_ the refracted shear vave -

_angle at the critical: angle for compressional waves,.that com-

Ppressional wave minima can be readily detected. Also,.the ob-
sérved minima in trqns‘m’itted intensity are not sharp enough to

give velocity accuracies. as’good as some othier methods which

typically:range from 3% to 2% for P-waves and .5% to 10% for

S-wavi
5 o

I & = 3
* ResuMs of préviousstidies q
(a) - Hysteresis &
‘With regard to the resu]‘ts of earhef studies une

phennmenun constantly referred to in the 'Iiterature is that of

hysteresis. That is, at a certain pmnt in hhe pressure tempera—

ture path’the velocity seems’ to be dependent to sore extent on.
 the path- taken to that temperature and pressure. Birch (1950)-
and Gordney et'al. (1965) showed that for a-given temperature,
the velocity along a path-of decreasing pressure is generally
higher ‘than the velocity along a path of-increasing pressire..

dr-y Franciscan rocks at higne'r temperétures, 'ﬁy’s’te%esis appears

For

G-




is. Towered, as was observed by Stewart and, Peselnick (1977). They

- .
_and others?(Hughes and Jones. (1951)) also noticed that siall in-

_creases of velocity occur with all pressures -at low temperatures

after completion of a:high temperature cycle, ' '0'Connell and "
Budiahsky (1574) showed ‘that.hysteresis can be attributed to

cracks in- the rocks and their cnnflgura\‘.lon whiich woulg give: rise
to variations of bulk elastic noduli.: Buessen (1961) showed that

“erack or gréin boundary smmg due t Tocaly non-hydrostatic

stress or- from'recombination phenomena, car cause hysteresis

. in crack configuration. ‘Differential. thermal expansion may re- -

sult in’the closure of .cracks which have remained open under ap-:
#Tied pressure alone. -These cracks which havebeen ¢losed by o
thermal exgansion could conceivably remain-closed, i part at

east} ihen the rocks are Gooled, this vesulting in higher SeTod

mes at a Tower temperature than had -been. observed before the &

’ heatlng took place. Cracks \Mh‘lch- close at elevated temperatures

may have been. el by ‘cooling as. the rocks'come to the surface.
Thermgl and :stress history:riay be determined from veiacjty and.”
hysteresis behaviour (Stev‘rart and Peselnick (1977)).

(b) saturation

In gena&al Hughesand cross (1951) Hyﬂie etal. (1956), .

and Hughes and Ke'ﬂ_y (1952)» have shown that the effects of cump%ete

saturation of porous ‘rocks vary strongly ith confining:pressure,

“-when zero pore pressure is maintained. 'Upon saturation, compress-

fonal. wave velocites increase at low confining pressures. Wyllie




elastic wave velocities are a funchon of the mfference between

pore and confining pressure. Wyme et at (1958) and King.(1966)

. found . that compressional waves have velocities that:remain constant

- for canstant differential pressure. ‘Desai et al..(1969) and.Hughes B

and"Cross (1951) have found that the effect of constant differential

pressure on velocity is. to cause the' rocks to behave similar. to

+ dry rocks at high pressure. : : : e

(c) nxsntr‘bgy o B

Velocity amsotrupy has been studied by @ few authors.

L.a.._#ww..‘..‘dg_&..__mn‘

Stewart and Pese'lmck 0977) noticed small Effe:ts in. some uf the

v

Franc)scan rucks they mvesngated~ 1= 3% 1n one’ casa and in

“ another it was: found that amsotrnpy became more pronounced with

temperature thnugh the effect was sma'll, 0 - 1%. Carlson and . S

" ‘Christensen (1979) nouced svgn1f1cant degrees of amsotropy B

(between 5% and 16%) for cumpressiona] waves in semxé*ndurated.

calcarecus deep Sa sedivients: ‘A detailed accwnf‘uf possibie

oA

4\[_. ‘




crysta]s such- as ca]mte‘

(d) Present studz

" Candda . Two |

" the other




! ' . strain companen‘ts‘ respectively, we have ‘the genera\'l ‘relation : .
\

: _Vi = {a-gm

where we have adupted the double. indi{ce summation cunvent'on.

(3) -

Fnr Hnear elasticity, tne factors 07, are Tinear functions uf -

<. the €8 - ; ; & i ol
k U O R Cop i ) A
Here the e1ast1c constants -of - the mateMa'l are g'ven by Cm.... A wy

Forbunate’ly, these constants which linearly relate stress and

strain can be reduced to only two for homogeneous |sotv‘up1c non-

=
porous media. - On the sga1e of wave-]engths usually employed in : I3
seismn;\dgical problems ﬁ!crosmpic am‘satropy is much smaHer )
and the buTk-so11d may beconsidered 1sutropic. The fu1'|ow1ng i ; PG s -
: nutatinn simplifies further der\vaMnn . way e # ¥ :
(x,v, Z) = (xl)xA)x3) v: '(5) ‘ .
(5.71,5)5 J'st',)“'a) :
50 A%3 . B o 1
: trafns E jcan now be written as’ * ) G i
ad‘ + 3_4} i s . ey
% Xz 7) >

%i',ﬁ;‘;, EoL Tl




O Nt 1

R A ST (o)
wbere/(. the rlgid(ty— and;ure the Lan® constants *of thessolid.
The éonstant V= ;%-“‘h known- as Poisson’ s Ratio.

Reducing the ent to” two and assuming homoy ty

in thex, directions ensbles us.to.write the Lagrangian as-

L_'\—

= Mg R - 'uo) ‘

where the ehsﬁc poten&m energy density is.

[(‘M?M)(f +(z YH2AE, ;’ ‘
+/((51+C,) sAGzedY] o m

Application of the Euler-Lagrande equations will yield for the case

of shear waves

SRR Mt AN 3

For constant rigidiw[( we have simply. ~

S BL NV 7L RS |
1. e. 2 scﬂar wave equlﬂon with- propagation velocity. ?
S (")4 e

“For the case of cmress'lonal waves a sinnar trntment

yields' the wave equation

' o K O | "
ARV e L
—where r-()ﬁz;()i Hunce o S 3 ¥ )
<l il
oy ‘
% | (16)




gth nf the _propagating waves. When the pores are Jiquid

r the theory to be 'I'mear the “kin vc energy density

. must be a quadrat‘lc function of the ve]oc1t1es o‘ n{ S0 that

it can only have the form

which “includes inertial coupling between the 1iquid:fraction and

the soHd.r_nntrlix. The quantitieé ~§" ) S:l,, S’ilpie given as

= o :

‘(18)

fia= 5 ¥
where S is the mass of so'lid per unit volume of - the soHd-p’lus-

’f]u\d aggregate and 91 is the corresponding mass-of fluid. fn_ is *o4

the "apparent" mass due to the fluid. - Birkhoff(1960) defined it
as the difference between'the inertia wh{ch; bo;ly ﬁas in a fluid

and in vacuo. . t

°A:further eonsequence. of Tinearity of theory js that -

 stress and strafn are linearly related: - :

.s014d =

L i[,,(f +( )+2$’u(ff+(()’§n(f ( )J an e




_'\_ Yo »‘ .
in two dimensions we"have 7 3 ~ £ : | ~
»I ) B *’E“b/‘g“.;Ag +Qg : A
Tl e : 31’2/‘7535'”‘5 HRE g L(b) i
A e 3 =2ME, e ey "
B 0"’ SE +RE, e VI (d)e g 2

The 8~-andr here, apply to the su'l'ld, and the dlvergences of

the s011d and flufd: displacement fields n(.. J are €, €,.
;; “sold exerts a pressure 03 on the fluid.. Due £o assimed isotropy -
: : the coefficients @ and Awill be the same in {192) and (19b). The :
4 further requirement that ‘the System be conservat!ve and-stable S

necessitates that G=Q. - Wl : vind,
The .potential energy has " the form : e

{ S i .
E o ® R ) ( 55653 +2 HEy €=) o (20)
%

App'ly1ng ngrange s equations to =3 -V!‘ o wherg 'J—~
and V.‘ 1 are given by (17) nnd (20). we obtain !

(21)

;(-« o : Ef}uf 3,‘(/\12;4)(,‘ A(,',- 3—&&, az"(f*() 9 1
b : s \\ . gnt+$n £, -2 RE= O :
i

|

P ses o, nAE., ha BA(E, 1) o
| :

[ S 0+ 50 U -2 Qe ~ 35 RE=O

i g This system can be reduced tn four uncnup'led equations if
M AR R are assumed to’ be constants ‘Writing

3 . B K 0| “"‘Ldl,‘ (22)‘.
G —au\l.dz




; s.l +$u£ = V2 (QE,4RE,)
0,05 S DUV

9

Hence the shear wave vﬂodty is g1ven by

Thus it is clear that shear velocities are 9reater in

porous naterhl than ln non-porous material. of the sawe com-

position. Furthermore,-for a given pordus .rock we ‘would expect é :
" the shear velucity to be 'Iwer when the rock is saturated w1th

some fluid (say water), then when it is dry.

*Equations (24 a,b) refer to compressional waves. We

‘expect two types of ‘waves since there are two unknowns o

- ‘and two equations. ‘For convenience we: deﬂ‘ne‘ the reference’ veloc-

"Lty obtatned hy-s'ei:t'r‘ngEﬁ'El,l..e.}‘no relative motion betieen
““fluid and solid, and adding eqiations . (24a) and (248) -

*here

e v [ S (1= 5 %) .;,'_"(zéi

(a)

o
@
e




% B P E
e i A i
¢ . - : !
) i ' |
{
- - i
: > W o
‘ X ~ .
H= k+Rt2Q " . o
. 5 S=S%,+125% L3 TP (28) .
| We can assume that the waves ‘travel inthe X. direction s
" and have harmonic solutfons - . : _— .
: ) ; (wx-wt) X =i
€=B,¢ ; .
' i

;(.Ax-u_zf);

“/?n 5 7’;‘ /gn= '}}L Ell: %
Y= &? Vo= s“ Ya= %% oy

. and rewriung (24 a,-b) to uhtaln two homogerieous equatiahs and .’

putting Z— V/" - Sl & .

ST A z(Y,.B+nls) FuB¥BoBa
i T T 5 z (Y.,_B,*Xu-B;) B Bit BraBa £ ‘
o B il o g “we observe that the compatibnny of these equations requires \ i

= ﬁe determinant of the' coefﬁments to be zero, i.e.

- B R) 2 (665 i, 2P M 80, @)

= 1 -The equation will have two roots Z,, ., “corresponding

61 tu, compressional waves denoted by :first and second kind.

Liquid and so'l‘d mnve in phase f V' waves of the first kind and

! X *out of phase for waveés of the second kind " The flrst kind has
P L T the h‘lgher velocity, U, >V .0 g i B
. v? ’UZ e (3 "y s
- B 2. - LD |2 ¥
el .




i . 5. ¥ e
- . If vedenote the q;mudes associated with Z,, as
E # B Bl and those for 2, as BmBm ewathm (32) tan be used
to derfve - .- By - 3 b
. ﬂ.s""+ 26,89 s” ¥ 8 :
; . i Y.- B"i +2¥a B I.s +ha 3. St |
: - In the uxpartmnts that fo]fow ve are concemed cm’ly A ‘

with cmnpre s1onal waves of the fxrst klnd since these are: the

first arrivuls. ARG s B4 3 Pt o

- Hence the vET)d ty of cwrpressionn'l waves through puruus
2k N .o N -
3 - knu-z& S
NimArs, ST o e S

P " (%)

With no saturant preser 2=, In the presence of a

saturant 2] . Also, in the unsaturated mnd

R
N

wise xﬁ)o. Hhen dealing. with sedhenhry rocks the mcrease

. in§ with satnration will -be small :uparad to the cmhmed effect
of correspondinﬂ changes in R AQ “and 2 '(he velu:ity of :nm-
pressional \aves in-a- porous material® is expecged then tn increase

with saturation, . =l

= Detailed knowledge ofM 5. R Q. mz s

._needed for qua ve corp of luboratory velocities with

sa A 'theory. Thls. hovgever. is. beyDnd the swpe of the present study Vit
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CHAPTER. 111

(a) - ransducer de515|n Kand traveT time rieasurement
The techique enployed to deterni ne seismiic velgcities

for: these ‘experiments {is“the pulse/érahsm1é_sinn_'method. @he‘ﬁ.'

appara ever, ‘differs soiewhat fv‘m]ifhé{yhasj(gg‘vié‘uﬂy
Theaching either a set of P.or Swave 77
»nsi\carsAkhe end faces of a g1ven sample; bnth types are,
stacked .on each fal:e\*ff‘wu\ wm is placed
‘next to.the rock: and on top of ‘that’a P-wave ceramic. These

ceramic transducers are 12.70 m in‘ dianeter and 2._54 mm-thick.

The saie stacking ‘érr‘ar’ng‘ement is used for-transmitting and re-
ceiving pairs: The‘eIect'rah‘ic aﬁachménts are'sich- that ‘the
transmittfng transducers are both ﬁred s\mu]tanenus'ly by placing

sg across two. metallic surfaces wﬂh the: ceramcs n

According

uncoup'led at the frequenmes used 1 MH1 fomrand-smt

_for; S-waves). - This was ver1f1ed hy iexperiments u's1ng only P trans-

ducers or S _transqucers. At the recewer, the signal from e\ther'

""‘thanséucer can.be displayed on the dual ‘trace oscnloscape

(Table 1) depending‘on, whith waves form one wanf3:to examine. I

*found, as.did King.(1966), that the wave forms did not change . -




HYBRAULIC OIL ——>

VZ777777777777777771

T

oL _-
v 4
N

= z . .
Figure 1. Pressuré Vessel and Transducer Assembly. A. Electrical
switch and connection for receiver. transducer. B. Pore fluid
passage tubes. C.. O-ringiséal between heating jacket dnd pressure
vessel. " D. Stainléss steel, pressure vessel (Table 1). E. Teflon
electrical insulation between endplug and ground. F. " Receiver -

‘, . transducer housing. G. - Heat shrinkable flexiblé jacket.. *

Beéad resistance thermistor,  I.. Compressional and shear wave

y ,géneréting ceramic crystals. &, :0- -ring which seals flexible ",

Jacket to endplug. K. ' Heating jacket. L. Transmitter.
transducer housing: - M.. Spring: . Electrical connectian
for-transmitting- transducers.
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| - " appreciably for most rocks in the pressure range of these experi- -

“ments:* Thereforé, all offsets and travel times i’:e measured from

the First ‘negative peak of the vave forms (Figure 2).  This %, ..~

= . virtually eliminates anbiguities which arise from trying to ] "
3 determine accurately first onsets, especially: For the shiear aves * -

since these are always accumpénied by ‘a. compressional’ wave pre- e

cursor which greatly distorts the shear first onset.

The transducer hu!ders _are holloved ‘out cyﬁnders O R
e . - brass’ (Figures 1, 3) with.a-copper’sheet silver Soldered over one
end.. The copper sheet prcv‘lde?slectrlca'( contact for the ceranic ., *

transducers and 'is also a’barrier between uﬂ and the rock samp'le

Eech of the brass endplugs has a small hole (5.7 mm diame\‘.er)

dritia cmugh the botton provlding access through the ‘side where

. . high pressure tubing has heen silver soldered to the plug. Tnese

passage’s allow for the escape of pure fluid as the rock is com-

i

pressed. The two teramic trahsducers sit in a hollowed out portion - < .’ te’]

: . i
of the brass plugsy with a so11d brass cylinder ontop of the . L

: ; 2 ]

o B . ceramics. . The Anner cylinder is électrically insilated from the Y oBe

== .. holder by a sleeve of heat. shrinkable tubing. Positive and’ .

ground electrical connections are madé with this inner plug and . .,

. outér plug respectively, fo¢ the transmitting transducer assembly.

The receiver endplug Has basfically the same arrangefient with the

; .- added fedtire of a small instNated wire that runs betyeen ifner
; i “and puter brass -cylinders ard which makes electrical contact with’
a ‘thin copper sheet cnductor betwber-the two piezoelectric ceramics.
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Figure 3. Ptmgnpi of a chkgted rnck sw'la Iﬂh
o mnsdmr e;'lws in place.’ g %







T to famhtate this shorting procedure. ‘7 e ki

The two leads ‘to the Ao;cﬂ'lqscope are alvays connected to- the
outer cylinder (1.e. the ground) a the fnner cyTinder. Tos
view ijau‘eé—on the Screen, the small wire Tead betveen the
céranies is ‘left open-ctheuited.  For'shear vave viewing this
- lead is shorted to the imner brass cylinder: .wich, effectively

short-circuits any signal coming from the P-wave ceramic ‘re-

ceiver.: A mechanh:a’l switch is-attached to the pressure’ vesse

« Accurate travel time measurements are made by emplnﬁng
‘a function generator‘ (Table 1) capable of. generati ng periodic
shapes- with pemnds as low:as 22.70S (F!gures 4, 5)." ‘A square
waveform, ‘along. with the seis\vv\icksflgna'[, is disbuyed_an the'.

dual £¥ace oscilloscope and the function génerator-. period s

““adjusted so that the: negative going edge, which 15 used as ‘the’ .

cursor, s 1ined“up w¥th Whatever portion: of ‘the sefsnic signal
messurenents are to.be taken fron.. A iniversal counter (Tabls 1)
Which can feasure periods to within .1'ns 15 comected to the
function generator and it registers ‘the square Wave perfod.  This

. period; apart-}rom a small of fset correction due to electrical

‘ and nechanical deleys i the Systan; cortessioni. to-the atolstic
travel time through the: rock sample. In the. present study we
use the first negatlve oeilGF the seismic signal as.the point
From which travel tire. weasurenents aré taken.. This pulse
gén;raqqr (Table 1) and function generator are both synchronized

by ‘the iriternal. trigger of the oscilloscope. * The accuracy of the

{
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devices ‘and technique just described made’it umnecessary to'use a

mercury- delay line.

(b) Acoustic coupling and offset determination

One of the problems encountered when setting up the
apparatus was that of establishing:and.maintainirig good and
uniform coupling between the 'sampl4 and the transducers. During
initial experiments thin soft solder dises (2% .05 mn thick) Were
used to provide acoustic couley be:ween the rock faces and’
endp’(ugs. After a-few complete pressure cycles I "noticed that
t‘ravlis(t Elms for decréa;in; pressures we;‘e ﬁ(gher than' those. for
increasing préssure on the same run.  This is ‘the Opposite of
hiat e epaste Tt vas d{scufé?ed that ds’ the’ pressyre  in-

creased the soft copper bottom of the plugs vas pressed against

the rock.allowing a certain amount of hydrauHc 01‘1 between trans-

ducer and . the copper. This amoint increased as the pressure
1ncreased, For pressures nécreasmg “from maximum, the capper
renained agamst the rock. This néant that the copper transducer

:oupﬂng was. 1nterrupted by Tess oil during. the mcreasing purcwn

_of the pressure cycle: than for the decreasing part. By placing a

thin piece of ‘strorig spring steel (.08 mm)f}:e‘u}een the copper
bottan of the endplug and the Soft solder disc, which restéd’
against the rock, . the situation was remedied fhe steel pV‘EVEnted
the ‘coppér sheet from being pushed into the end of -the rcck. Also
Tater it vas found that -briss sheet (.03 m) could be softened by

the heat of a Bunsen. burner so ‘that 1t could be used  instead of




deterined by using a series of tylinders of various. Tength of

. i ‘ =76 =

" the soft solder discs to provide acoustic coupling. - Previous to

this the Solder discs had-to be hammered down from a thicker

- piece. -These so'lder discs were not gererally. the same thit:knessl

which meant that a different trave] time zeru ‘point offset had

to be determined for each disc. The unifarm thickness of the

brass sheets, however; required. only-one offset detevmination

for all the brass discs gsed.. K o

Iri. any exy}erir}\ent designed-to measure acoustic travel
tinTe ﬁnrough a subétance it 1s also necessary to accaunt for
time délays.of an e'iectnca'l and mechamca'l nature associated

with the  apparatus ftself.

'lypica'l'ly ‘offsets for shear, and compresswna1 waves are
some materdal ‘with a well-known velocity; or by sinp1y placing
the transducer endplugs together e o face. ks a " precaution
I - used both methods ‘and found that to within the 'I1m'|ts of ‘
accuracy, +10 ns, the same offsets were obtained at atsspheric
pressure. However, the Titerature does not refer to - possible
of fset change with pressure. :By placing the éndplugs tngeﬂger;,
protectéd by'a jacket, and carrying out a pressure run I.did
observe a small, l;ut_ noti:eahﬁ,':hange. Since the change:might -
be relited to the, sogcness of the thin copper. sheets ofithe end-

plugs, I tried jacketing two pi‘e‘ceé of solid brass, each more

than 5'mm in thickness, with just P ceraiics af.the éndsiand-uith

no copper sheet.. The offset again.changed.  If the confining




mediun-is allowed: o enter between'the brass pi ces,: (‘I e no . .

Jacket used), there is no change in o\'fset “The'same is true
for tio thin'sheets of copper.’ If they are ‘sealed at _the edges
with solder.so that-no 0i1,gets between thém, a.change of offset

is.observed, whereas just tw sheets, not sealed, exhibit no.

N .
change of offset. ' I conclude that the acoustic coupTing between .

the metals alters ‘somewhat with increasing hydrostatic pressure.

This' probably alsn happens when a'rock “is ‘in .the system; however;
l't is diffmun to account for it quantitat‘we'l.v since’.the ef-

fect may- bé nore pronounced with some rocks than with cthers.

depending o the nature of the. coupling between’rock and endplugs. -

For.example an_experiment was run on a sediment which:'gave a

- partmﬂar travel ‘time change for the total pv‘essure rangeA A

sma'ller piece of the sime rock approximatﬂy 1/4 the ur1g|na’l
1_ength exhibited'a total travel time change of about~1/4 that of

the larger sample.  This wauld not have been the case had thetg’

. been any s'lgmf'lca‘nt change of offset. ~On: the other hand a small.

pi€ce of granite less.than 5 mm in length showed a travel time .

change comparahle to the offset change ubserved w(th the endp'lugs

face to face 4

Bearing this-in mind” the velnc{ty resu]ts s'tated in tMs
vork.will assume constant, ‘offset, that is; the offset that was

sbserved with the endplugi fice to fice at'the Tower Side of . the

hydrostatic pressure range: For Padves this vias 2.47040:1is ‘and
for: shear waves 4.070M01is. Kt maximum préssure {ese offsets e

duced to.2.418s and 3.930p respectively:




The expermental arranganent RES suuh that trayel txme chaages
of 10 ns, which correspoid to re1at|ve velocity accura‘cies of at
1east + 1%, can easl'ly be measured. Howevzr, the -absolute accuracy of P

-"S-wave’ velocities s’ restncted by-the varnhﬂi-ty of of fset: The
‘ abso'lute accuracy for the p and S-wave vel ucmes is nbtamed by
dwwch ng the degree of offset var1abﬂ|ty by minimun travel times

. for P and s—waves For P-wvaves ems is

(2.47 52 82)ps / Sis X 1004 = 1t

“and for Swaves, . 5

(407 - 3 93)ps/ s’ X wox- 1,

Therefure, I.am c'lamn ng-1% accuracy for P-iwaves and 2%

for S~waves, bearing. in wiind “possible polarization effects for -
S-waves: uhich. shall ‘be discussed Tater (Page 57). : e
An important feature of -this" apparatus is the ability to

“determine P and “Swave velocities on @ particular sample viith oy

one pressure cya;

This is. advantageous ‘because hysterésis efFects
", canbe’ quitd’ pronouncedfor ‘rocks, especially porous sediments; and.:"

[ itlisy - therefore, ‘desirable to obtain concurrent P and S-waye -

travel tines' which corirespond to the ‘sane points-in-the stress-

temperature-history of a given rock: Also) stacking the’ cefanic

transducers enables a ccmplete experinent -to” take approx imately

balf the time necessary to obtain smﬂhr data using P and S-wave

{ transducers sequentia’lly * 3 o, s 2
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(c) Heating jacket -

Though the mlin swhasis of nns work was not the study
of the effects of Lerperatnre variation on ve'loctt!es a heating

. Ji{cket was tonstructed and experment; were carrled out at a few

- temperatures in the'range 7°C - 90°C. This range is Tinited by
the heating medium, water in Hns case. Future experiments uil'l .
- ¥ . probably use 01l and ™ refure be cnpable of studies at higher -
: : 2 temperatures g
. “r - The stee'l cy'lmdmca'l Jacket is built to it around the
~. . pressure vesse1. sealed at thie ends ‘with 0-rings.. A therostatically
coﬁtru'l'led bath was used tn heat ‘or.cool the water and ‘bo maintain
3 : the tempernture in the vessel (Figures 1;4,6). -
gl 4 The temperatures at Which experiments were carrled out
: and also ;ml] changes. M"C) due to adiabatic heating during pressuriz-
atior were monitored by a small bead thermistor which was held against
_the mci( san:plzs .‘on. the outside of the protective flexible- jaeket.
Due to ifs hi6iresistanice (¥10008)’ it could be connected. to ground
and the fmer brass. cylinder on the receiving transducer holder witht

out shunting the signal which ‘goes to the oscilloscope. A digitdl

“imeter was used to measure its resistance.
N g In the discussion of gesults, because of the ad\abatu?

3 tenperature change, graphs 111ustratmg ve'lcc(ty-pressure curves for

. expenments carried out at slightly different temperatures will’ he

bl " assigned, ore temperature.




©* which surrdunds the pres:

. - Figure 6. Photograph of the peating
sure vessel. ., .

Jacket
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2: Preparation and jacketing of samples and measurement procedure ’
Rock samples are cut into cyl ’mders 23.2 m in diameter and

ranging in Tength from 25.0 mm to 40.0 mn. . End faces are not

perfectly parallel, so eight regular spaced Fashiaients e the.

Tength are made at the faces and- the average is ‘taken to give the

effective iangth for velocity determifations. Mo’ corrections are

-made for contraction during pressurization. Early experinents on',

¢ saturation’ using vacuum flooding .established that the samples, can -be.

saturated by-soaking in water at one atnosphere - for 24 hours.
An afr comparison pycnometér was used to measure: the effective pore

volume allowing the wet density to be calculated from the ‘pore

volunesand the dry density..’ A given sample, with spring steel and

.. brass thin dises in. place at each.end.and also’the trav}sgﬂu’ce’r

Holders in place would have two sTeeves.of heat ‘shrinkable flexible
material ' in place ready to'be shrunk (Figure 1, 2). “silicond glie

is applied to"the endplugs around the O-ring grooves.  When heat

is applied, a close fitting flexible jacket forms around ‘the assembly.
Two sleeves are used ,'instead of on‘e to vins_ureb bthat no oi]' leaks into

the sample through holes that could possibly develop-in the inside

“Jacket if it gets pushed. into small. cracks and chipped spots on the .

rock face. After shrinking of both'sleeves has taken place, O-rings .

are pushed on over the jacket and rest in the grooves in the..

transducer holders. -Hydrostatic pressure provi

s a good seal between

jacket and endplugs. MWhen there is no pressure on the sample .

" the silicone glue and the force exerted on the O-rings prevent oil

|
|
!
;
}
{




o 3o
 from leaking into the rock. ;
An experinent is carried dut by First allwing the pressire
vessel to stablize toj the desired temperature. Then the: pres‘sure:
is raised in steps and travel times fdr P and S-waves are:récorded
at se'lected pressure va\ues‘ "The same routine is repeated for
decreas'mg pressure. A complete run takes approximately one hour.

The accuracy of the: system was tested at atmosphev-ic pressure

by usmg cyhnders uf copper.and- fused quartz for wh\ch P and S-wave .

velocitiesare. well documented. - The rhsults are tabulated as

follows: § 3
R AR T T Ty =
Materjal -~ .. Vp (w/s) < Vs'(ils) x
o Handbook. 5968
. .. Quartz (Fused) £ » -3
. Fxperimenta'l 5962 | 3746
s Handbook* 4760 | -. 2325
Copper (Annealed) ; ]
. B Experimental 4793 2336 -

T~ *Handbook of Chemistry and Physics (1969‘-1976)

The experinerital velocity va'lues shown i this-table agree to

wgn w1th1n 1% nf the Handbook va]uesA *




Resu]ts and discusswn
Tne core samples used in these experiments came from three
Eastern Canadian bore-hole sites 1F|gure 7 Cnrmorant N-83 and

Coot K-56 on. the Grand Banks of .Newfoundland and Herjolf M:92 on

the Labrador Shelf. Pairs of Cormorant N-83 cqre{ were'tal{gn

| : from each'of two depths; one vertical (1) core perpendicular ‘to-

B
|
3

the -plane of the bed:Hng end one’ transverse (II) coreparallel \tu

“the bedding plane nakifig.up each pair. . An additional vertica;l &

core was. uséd from a thn—d depth. We.refer to these core:

8 even!y spaced samphng 1evels
the previous, beginmng -at'236

i
{
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“ The series of graphs representing the data from Tables 3, 4,
B 5, 65 7 is intended to facilitate easy comparison of transverse

and vertical cores of the same rock, and also. to show the effect

oF saturation.. It should be noted here that when comparisons of s
% _the different states of the same or d(ffering samples are made,

that is different temperatures or dry and saturated conditions,

; wjll be re_ferrlng to the _portion of the curves which represmtx

#

5 ‘!ie:scendi‘ng.ﬁre‘ssure. ~In th'ls‘maﬁper we minimize tamyera‘turé and g
“pressure history differences betueen each run. ‘This 1s evident‘ . 3

B from the high degree of similarity in shape of the descendmg v »ae !
porthm of. curves whereas the, ascendﬂ(g pressure curves -differ !
coglslder:ab'(y with each exper\meﬂL For. example see Figures,_&, 9 H

> -of Coot K56 dofs (1). 3 !

A1 tabulated data were obtained using thin brass discs as . 4 i

acoustic_coupling between samples:and the transducer holders ex- . .
cept for. Cormorant N-83 708 (L). " In this case soft solder discs - . !
were used. This sample suffered considerable damage on a subse-

quent saturation before l' star&d using brass discs. %

- (2) . Anisotropy and hysteresis
Qne‘factor common to all data was that of hysteresis.
While not So great for sample Cornorant' N-83 80f8 ()., (Figures 10;
1At was quite evident jln-othér samples and especially. pronounced
for Coot, K-56' 475 (1) and Comtorart 11-63 7078 () (Figures 8, 9, .

i2). Significant hysteresis was also noted for the Herjo'lf M- 92
samples thnugh comylet.e iscznd'lr\g and descending pr:ssnre data was.

i e SRR S0 S
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* tures in_the dry state. The relative error in velocity is X
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not obtained due to the different nature of the. experiments carried
out on' those two parti cu'lar cores.
With the Cormorant N-83 808 series (F1gures 13, 14, 15,

16) hysteresis 1s more evident, in the sample perpend'cuiar tc the

g beddmg than in the transyerse one.  Also velocities are- higher in

the transverse sample: thin in the. vertical saiple. On the other . J

“““hand the fnmurant N-83 60f8 series (f{gur‘es 17, 18, 19, éD) higher

ve1ocit1es‘ucé'ur in the ‘vertical sample and hysteres’is‘is approxi=- -

“mately the same for. the’ vertical and transverse cores. Tﬁis situation

. merits out discussmn

There are at '(east tpree possilﬂe causes of ve‘loc1ty
anisutrupy. 1. ‘Alignmerit, in the:plane of the bedding, Qf pores
and cracks,.2; the preferred orfentatiop of aplsotroplc:crystals
- suchi'as caldte. fur which Dandequ (1968) found compressiona'l wave
ve1oc1ty a]nng the cr,ystaﬂugraphlc c-axis to be 561 kn/s, and in
a direction normal to the c-axis 7. 35 kn/s, and.3. inhnmogeneaus
‘d\stnbutlon of rock constituents and pveferred orientation of sunh
1inhomogeneities.: Mechamca] and/or chemica] prncesses could be
resporisible for “these capditions. It is also conceivable that, two *
or more of »these,verswns of anisotropy could caems!t in‘a giyen
simple. - From my'data' 1 conclude that the dominant anIsct-r'opic.A'
mechafism for the Cérmoran£ N-83 80f8 samples. is aligment of crac‘ks‘
and pures and for the Cormorant N-83 608 samples the mechanism 1s : i
the innomageneous dlstmbutl on ano‘ orientation of the rock ‘constituents.
These d_eductions are suppprteﬁ as follows, ques and cracks tend to

close under increasing pressure. Because of- crack a'ljg‘nmeht'horizbnta'l
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“to the bedding there is less opening and closing, in the transverse

sample, and hence Tess hystéresis. _(Schreiber et al. (1972),
Christensen et al. (1973)). Velocity of shear and compressional
waves would be higher in the transverse sample where there'is more
grain boundary contact in the direction of wave propagation than
In the Vertital swnple, - The'degres ‘6F ‘anisotropy Would: howevér,
be expected to decrease with increasing pressuré since pores and
cracks would' then close. The-effects just described are precisely

what was observed in the.Cormorant N 83 8of8 samp]es Cgures 13,

14, 15, 16),

In the case of ‘the. third type of anlsntrapy, we wmﬂd ex-

' pect ‘the difference in velocities of transverse and “vertical  cores -

to remain fairly constant with changes in hydrostatic pressure.
Tn the s vein 1 there. i: no preferred alignngnt of cracks a{r,d
pores;, vertical knd transverse sanples would exhibit sinilar de-
grees of hysteresis.  Furthermore, either sample could show the
higher velocity depending on the -distribution and orfentation of

the rock constituents. Figures 17, 18,°19,.20 demonstrate similar

degrees of hysteresis in transverse and vertical samples and also '

a higher yelocity exhibited in the vertical core. - .These sampleé
cons'st of anhydrite and dolemite in visibly uneven dlstr\butmn.

No calcite is present. A1lNof these facts are trongly consistent

with the- third type of anisotropy.
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Note on polarization effects
When Cormorant N-83 60t8 () was put between the end-

(b

plugs with hedding Tines perpendi cu]ay- to the transverse motion of
the sheair wave crystal, easily distinguishable shear wave signals
vere obtaind. -Rotating the rock 90° relative to the endplugs re-
sulted in'a very poor shear wave signal, faking it virtually im-

possible to. éee the first ‘neﬂgative shear wave ,‘peak.‘ Rocéting back

hto: the driginal- configuration resulted in a good signal again. The

same test on.the Cormorant'N-83 80f8 (|}) ‘sample showed the quality

of the shear*wave signal not fo be as greatly affected by polarization
as was Cormorant N-83 60f8 (I[), -howevfr, the trayel time appeared

to change sTightly,=.Ips. This travel tife change ay be the result
of polarization. I conclude from. these observations that shear vave
qu_a]ity‘may‘ be'a significant function of polarization for certain
transverse core samples and that S-wave velocity-may also be affected’.

slightly by polarization.
= ] (c) . Effects of saturation -

According to Biot's Theory, saturation of porous rocks

would tend to increase compressional wave velocities and decrease

shear wave velocity. Forshear waves ‘this has been verified for. the
Cormorant :N-83 66f8 samples, Cormorant N-83 8ofé sanples, and
Hergolf M-92115 at all pressures (Figures 11, 21, 22, 23,.24) and
for iierjolf H-02414 at pressures. above %15 HPanigare 25). King
(1866) had. observed a similar crossover behaviour for St Peter.,
sandsténs; as. 1 noted for.Herjol£*-92¢14.  For moderately-low

pressures the interaction of saturant and detrital material is
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itMugM. to influence signific.anﬂy ultrasonic_velocities in sand-

stune. The effects of relaxation behaviour of the saturant in
cracks and ‘pores, and also ﬂle lnf'luulce of 1iquids on interfacial
5urface phenomena affect veloeities. I think that increasmg the
pressure, above 15 MPa in my case, reduces these |nterm:tinns by

crack and pore c]nsure and the velocities. approach “those pmd|ct¢d’

by Bint. Comprsss'onn wave v:luc‘lt.(as are affected hy samratﬂ:n
in a way chh ugrees qua'litative'ly w1th Biot's pred'cted \m:r:asa
' Lfor all our samples (Figures 26 ‘to 31) except Cnrmnram‘. N-83 aufs
(D) (Hg_ura 10). I suspect that sgturatlon ‘weakens the solid
o matrix structure and grain hﬁundary contacts, The transverse
Cormorant’ N-83 8378 sample; which undergoes 1ittle change in the
: . total number of "effective" contacts in the direction of wave .
propagation with saturation, would then show a decrease-in Vp
due to contact and structure weakening whereas ﬂne vertical
%) Cormorant N-B3 Bof8 (Figire 17) simple-would experience -a signifi-
cant -increase in “effective" grl‘ln’ boundary contacts when fluid
fills pores and cracks that lie in a direction perpendicular to
the P-wave direction. The "effective” increase in grain boundary
contacts due to the saturant has a greater influence than the '
. weakening of solid matrix contacts and structure. Hence compress-
(unal wave velocity increases with saturation for the verncﬂ

csample. ;

R . :
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" (d) Comparison with in situ well logs
Results were compared with the acoustic logs where posslble.

unere the part of the Tog corresponding to the sunnle s depth exlnbn.s e

no great -fluctuations in travel. times: over at 1ea\s¥ a-2m section my
results mvarialﬂy showed the 1aboratory measurements of velocity to

-be g1~eater' than the well log ve]gc’mes (Table 8). Jones and Wang (1981) "
obtained qualitatively sinilar results for Cretaceous Shales. They cite

‘bias in sampﬁﬁg, dlspers}on due, to*different frequencies use‘d with

: 'Iaboratory‘and Wgging deﬂdces:, formation damage during drilling, and

differencés in scale of labnratury and bore hole n‘neasl‘Arenentsv as..possible
reasons to expiain, at Jeast partla'l'ly, the observed dlscrewc;u In
general it is difficult to say. whlch has the-greatest effect, since the
condition and 1ithology of different bore-holes and different sections

of th:‘.san!,bor?hole vary greatiy. However, Jones.and Wang (1981) do

_calculate-e=possible 4% reduction in bore-hole measurements due to dis-

persinn This s not adequate to explain the discrepancies (10%) which

_ithey observed For my. resu]ts even an exaggerlted 10% reduction due to

dispersion could not account for the ducrepancies (22% - 36%) observed. :
Not having access to a well logging -device or t!le procedure for its
calibration and use, I find it hard ta comment any further, though I

would suggest one other possibhty. that is, the acuust'lc coupling between

th_e logging device in:a. well and the rock wall may not be as .good or as

uniform as coupling in Taboratory experinents. This could introduce a -

systenatic reduction in velocities for well 1og measurements. even- though

2 L 2
the arrangement -of -the -transducers in the sonde is designed to minimize

this problem. ot




[ 4

TABLE 8

Comparison of well log compressional

. ’
velocities with those obtained in the laboratory *

WELL LOG

s . | p1scrEPANCY
/?I . [LABORATORY, Vl', (km/s).* 2% FOR SATURATED
SAMPLE V, Gkem/5) 5% | casE
- DRY SATURATED i
7 i
CORMORANT rN—BJ. 8 of 8 (L) .52 5 X 75( 5.77 222
COOT K-56 4 of'5 (1) 5
e 4.35 | E.52 | E.BS | 3E%
HERJOLF 4-92 # 14 2.77" .33 367 ZHZ -
) \ ;
HERJOLF 4-92 # 15 2.8 | 3487 | A.BE | 227
‘ : °

I

=k




(e) Tg‘ erature effects
As already stated, the emphasis of this work was not to
deterﬂn‘e accurately the effects of emperatu on seismic ve:lncities.
Qualiutively speaking I fnund that the m‘ects vere greater tuards
the lower end of the available (7'c - 90"5) tenperntur: range.

Figures 8, 9 show velocity curves representing two temperatures for -

“Coot k-56 4of§ (L) and Figures 32, 33 shoy curves for Caﬁnorant N-83
: . : . Oy
60f8 (1) at three temperatures. In particular Fﬂgure‘ll‘d{e‘monserates

that the yelocity. change corresponding ‘to a temperature change from 13
9°C t0 24%C (2 1% in velocity)  {s as great or greater than that.for

"a temperature cha’nge'fram 2°¢ to48%. - This was ‘characteristic of
all samples for. which coﬂn]gu ascendirrg and descending pressuré 3 3
" curves were nbta1néd *The data -on'the Her:uﬂf M-92 snples (F\gures

24,25, 29, 30) are taken llong a gmtham. That is, the first .
velocity point on”a graph mrresponds taq 2 temperature and pressure :
at a depth of 500 m, the second point is for a depth of 1000- m, the 7
next 1500 ‘m, and so-on down to 3000 m. The temperature and pressure
gradiantg are 29.7 l;nl/n and 1131.3 KPa/m respectively. Therefore,

* the greatest depth (3000 m) :drrespmds toa temperature of = 90°C

and 2 pressure of 34,04'MPa. The rock samples; Lover Cretaceols .

sandstones , t;yﬁl cally exhibit Tow velocities ‘'since the consti tuents

"are. not very iell consolidated.
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Figure 32, Compress1ﬁna1 wave velbetty for Cormorant A
N-83 -60f8 (1) at two temperatures in the water . k!
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2 o CHAPTRR Y,

T Sumary . T :
A versatile amiaratus has been constructed to- determine "
¥ accurate]y compressiona! (t 1%)-and shear (-1- 21) wave Velocmes
. as functions.of gempentnre and_ pressure. - A nw and signiﬂcnnt
. feéture c;f the design, madé pn;slh'lve by sta;:kmgpwzoﬂectm
‘tra?fs‘mi tting and receiving P and S-wave trans'ducers‘,_‘vis‘the ability .
. “to measure both shear and compressional velocities with eaqh 5
experimeg\t. This is particularly important- when studying v;ck
vsamp'le_s which have \’Ip and Vs ya]ués that depend to ‘some extent
on the rock's stress-temperature history.1n which ' case concurrent
Yp a{sd Vs are.desirable. The instrument has potential for studies
of pannealii]!ty versus pressyre and. also seismic velocities versus
"differéntia]‘por‘e pressure. - Initial. experiments on sediments from

° X . " «
three different wells on(gpada's east coast yelded the following

general results. .
('I) 1 found qualititive agreement.wlth Biot's predicted’
theury of a decrease in shear wave velocity with saturauon. TMs
. held true for a1l samples ‘at all pressuresexcept sample Herjol f o
- M-QZ#M which required a certain pressuré (=215 MPa) before’ suffi-
cient numbers of. cracks and pores had cIesed to permit. agreement

with the' theory.
(2) Kiso'there was qualitative agreement with the predicted

increase 1n|c|;mpres§ioné1 wave veh}c‘lty with saturasion. This was




L NN,

B samj;hs 1s .due to - inhomogeneous distribution aﬁd orientation of ~

* obtaingd from laboratory ‘and those derived from wel'( Jogs.. In-

iy

true for a11 cases except Cormorant N-83 8078 (Il) where I conclude

. that saturat!dn cau&es weaken!ng.uf solid matrix structure and grain

3 bnundary contacts. 3 B : SR

(3) 1In cases “where vertica'l and transverse cores were avail-

- ‘ah'le"s‘lgm f1cant degrees gf amsutmpy were observed (2 -10%), I

propcse that for the Cormorant N-83 80f8. san\:ﬂes the doninant
mechan-}sm for amsotropy 1s alignment of crucks and pores if the.

plane of the' bedding and that anisotropy in the .Cormorant N-83 60f8

rock canstituents. To substantiate this, band and microscopic in-

spection of the Cormorant N-83 Bofe samp‘les revealed fine'veins”

*and ,ﬂamngemzed layehng of: cracks and rock cumpenents, anhydrlte

and - dolomi te, in the horizoital plane.” The Cormorant N-83 60f8

|ntermi;\g11ng and crack o‘v“ielit_a‘ti&n in the.plane f ‘the be
(Figure 34). 'The former type of anisotropy implies higher elastic

wave veloci ties'in the transverse saiple, whereas the’ latter - type

puts no restriction on which core, the transverse or vertical,

should have the h1gher ve'luclties.

’ ) S1gn!f1 cant discrepancies were observed between velocities

varlalﬂy, weH log ve]oc‘l ties were lower than ’lahnratory P-wave
velocities (224 - 36%). Apart from the- pussib'le reasons for this
quoted by Jones ‘and Hang (1981), 1 would add further that acoustic

coupling may ot be a5 goodsor as uniform with ,the well 16g ‘in,

‘.strument as vith -the 'Ig,boritory apparatus. This systematl’c‘ error

‘samples, however, show far less homogeneity in the rock canst1t:em‘. :




- fairly homogenized Jayering of anhydrite and doiomite inthe bedding
. anhydrite and do1om1vte in -Cormorant N-83 60f8 (Bottom).. *

Figure 34. 'Side wall views, magnified approximately 100 times, showing’ .

plane in Cormorant N-83 808 (Top) and inhomogeneous ‘distribution of

I
|
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mu\d’icwunt in part for Tower velocities.
(5) - Velocity I’lyster!sis effects were evident in ni samples:
pronounced in_some and minimal in pthzv:s depending’ on-the. quantity
; and orientation of cracks and pores. . 5
*,¥6) The effect of- temperature, which in general is small - .
cwpared to the 1nﬂuence of hydrostatic pressure, ms greatest k }
-_tmrds the lwev end o ‘the a‘tailgb\: tanperature runge (7 L 90“\:)
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