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Abstract—Acoustic and electromagnetic fields are coupled in a fluid saturated porous medium due to seis- 
moelectric effect. Seismoelectric well logging method has been proposed to detect deep target formation uti
lizing such effect. Because of uncoupling of SH waves with P-SV waves, a simple and forthright way to get 
shear waves information is possible, especially for soft or slow formation whose shear wave velocity is lower 
than the velocity of borehole fluid. We consider the wave fields excited by a vertical magnetic dipole (VM D) 
source. Two methods are used to simulate, one is the coupled method based on Pride model and the other is 
the uncoupled method. For two methods, the frequency wavenumber domain representations of the acoustic 
field and associated seismoelectric field are formulated. The full waveforms of acoustic waves and electromag
netic wave induced SH waves excited by V M D  source in the time domain propagation in borehole are simu
lated and analyzed.
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IN T R O D U C T IO N

T h e  investigation  o f  wave p ro p ag a tio n  in  flu id -sa t
u ra ted  po ro u s m ed ia  was early  developed by  B io t [1, 
2]. Wave p ro p ag a tio n  in  f lu id -sa tu ra ted  po ro u s m ed ia  
always cap tu res  th e  in te rest o f  m an y  scien tists in  
acoustics due  to  its im p o rta n t ap p lica tions in  various 
te ch n ica l an d  eng ineering  processes (see, e.g. [3—8] 
an d  lite ra tu re  c ited  th e re ). T h e  p rac tica l in te res t in  
c o n n e c tio n  w ith  th e  geophysics, acoustic  wave in  
cy lind rica l s tru c tu re  is given m o re  a tte n tio n  o n  [9— 
15], especial in  a  b o reh o le  em b ed d ed  in  flu id -sa tu 
ra ted  p o ro u s fo rm a tio n  [16—21].

In  a  flu id  sa tu ra ted  po ro u s fo rm atio n , a t a  solid 
g ra in -flu id  in te rface  o f  a  p o ro u s m e d iu m  w here  a  fluid 
e lec tro ly te  com es in to  c o n ta c t w ith  g ra in  surface, 
an io n s fro m  th e  flu id  electro ly te  are  chem ically  
adso rbed  to  th e  surface leaving b eh in d  a  n e t excess o f  
ca tio n s d istribu ted  n e a r  th e  wall. T h is reg ion  is know n 
as th e  electric  doub le  layer (E D L ). In  su ch  po rous 
m ed iu m , acoustic  an d  e lec trom agnetic  fields are  c o u 
p led  d u e  to  seism oelectric  effect w h ich  re la ted  to  th e  
E D L  [3, 4]. S eism oelectric  effect is also called  aco u s
to e lec tric  effect in  aco u stica l logging frequencies 
(kH z). A coustoe lec tric  effect well logging m e th o d  has 
b e e n  p ro p o sed  to  d e tec t deep  target fo rm a tio n  u tiliz 
ing  su ch  effect [17, 18].

1 T h e  a r t i c le  is  p u b l i s h e d  in  t h e  o r ig in a l .

B ecause o f  u n co u p lin g  o f  SH  waves w ith  P -S V  
waves, a  sim ple  an d  fo rth rig h t way to  get sh ea r waves 
in fo rm a tio n  is possib le  [10, 12], especially  fo r soft o r 
slow fo rm a tio n  w hose sh ea r wave velocity  is low er th a n  
th e  velocity  o f  b o reh o le  fluid. I t m ig h t be  possib le 
fo r S H -T E  seism oelectric  log in  logging w hile 
drilling case due  to  ru n n in g  drill collar. T h e  p ro p erty  
o f  S H -T E  seism oelectric  wave fields in  a  flu id  filled 
b o reh o le  su rro u n d  by  a  p o ro u s m ed ia  is w o rth  to  be 
considered . T h e  seism oelectric  wave fields excited  by 
sh ea r source  are  co n sid e red  in  [19], an d  in  th e  p re 
sen ted  p a p e r  we w ill co n sid e r th e  e lectroseism ic waves 
excited  by  a  V M D  source  in  bo reho le . Two m eth o d s 
a re  used  to  sim ula te , o n e  is th e  co u p led  m e th o d  based  
o n  P rid e  m o d e l an d  th e  o th e r  is th e  u n co u p led  m e th o d  
[18]. F o r two m eth o d s, th e  frequency  w avenum ber 
d o m ain  rep resen ta tio n s o f  e lectroseism ic field are  fo r
m u la ted . T h e  full w aveform s o f  e lec trom agnetic  wave 
in d u ced  S H  waves excited  by  V M D  source  in  th e  tim e  
d o m ain  p ro p ag a tio n  in  b o reh o le  are  s im u la ted  an d  
analyzed.

F O R M U L A T IO N S

F o r th e  p ro b lem  o f  m odeling  th e  p ro p ag a tio n  o f  
co u p led  e lec trom agnetic  an d  m ech an ica l d istu rbances 
in  a n  iso tro p ic -p o ro u s m ateria l, P rid e  (1994) [3] has 
derived equa tions th a t c o n tro l su ch  “se ism o e lec tric” 
p h en o m en a . A ccord ing  to  P r id e ’s theory, n o  app lied
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force  a n d  e lec tric  c u rre n t sources, tim e  d ep en d en ce  
e-mt, we m ay w ritten  th e  equa tions fo r th e  coup led  
e lec trom agnetic  an d  acoustics in  m acroscop ically  
ho m o g en o u s, iso trop ic , flu id  sa tu ra ted  p o ro u s m ed ia  
as follows

V - т  = - ю 2( p u  + pfw ) , (1)

т  = (H -  2Gb)(V  - u ) I  + C(V - w) I  (2)

+ Gb (V u  + V u T)

- p f  = C (V- u) + M (V - w), (3)

- m  w = (-V  P f  + pю > 2  u  ) к ( ю ) /п  + L  (ю ) E , (4)

J  = ст(ю) E  + (-Vp  + P f« 2u ) L ^ ) , (5)

V x E  = i ю р И , (6)

V x  И  = - i ю б Е  + J , (7)

B  = p H , (8)

D  = e E . (9)

T h o se  governing equa tions a re  th e  B iot equa tions fo r 
po ro u s m ed ia  acoustic  a long  w ith  th e  M axw ell eq u a 
tions fo r th e  elec tric  an d  m agnetic  fields E  an d  H . 
H ere  т  is th e  bu lk  stress in  th e  po ro u s m ed iu m , Pf is th e  
p ressu re  in  th e  p o re  fluid, u  is th e  d isp lacem en t in  th e  
solid , an d  w is th e  relative flu id -so lid  m o tio n . I  is an  
u n it  vector. T h e  sym bol p d eno tes th e  bu lk  density  o f  
th e  p o ro u s m ed iu m , p =  ( l  — ф)рл +  фр^ ф is th e  p o ro s 
ity  o f  th e  m ed iu m , ps is th e  solid  density  an d  pf deno tes 
th e  flu id  density. T h e  Eqs. (4) an d  (5) are  in  th e  fo rm  
o f  D a rc y  law  an d  O h m  law, th ro u g h  w h ich  acoustic  
an d  e lec trom agnetic  fields a re  co up led , w h ere  J  is th e  
e le c tr ic -c u rre n t density  an d  —i®w is th e  D arcy  filtra 
tio n  velocity. W here  H, C, M , an d  Gb a re  fo u r m odules 
o f  iso trop ic  p o ro u s m ed ia  [22]. As th e  m o st im p o rta n t 
coeffic ien t L ^ )  is set to  ze ro , P rid e ’s equ a tio n s w ill be 
separa ted  in to  B io t’s equa tions fo r elastic field an d  
M axw ell equa tions fo r e lec trom agnetic  field. H ere  
ст(ю) is th e  freq u en cy -d ep en d en t e lec trical co n d u c tiv 
ity  o f  th e  m ed iu m , к(ю ) is th e  dynam ic  perm eability , 
П is th e  flu id  dynam ic  viscosity, an d  L ^ )  is th e  fre 
q u en c y -d e p e n d en t e lec trok ine tic  coup ling  coeffi
c ien t. T h e  expressions fo r ст(ю), к(ю ) an d  L ^ )  are  
given in  P ride  e t al. (1994).

H ere  we w ill co n sid e r a  vertical m agnetic  d ipo le  
sou rce  is lo ca ted  in  th e  b o reh o le  axis, an d  th e re  are  
n e ith e r  acoustic  n o r  E M  source  in  th e  p o ro u s fo rm a 
tio n . A  m agnetic  d ipo le  ca n  be  rea lized  w ith  th e  m o d e l

2
o f  a  sm all c u rre n t loop  w ith  rad ius aT an d  m 0 =  i0n  aT 
is th e  m agnetic  m o m e n t o f  th e  loop  w here  i0 is th e  c u r 
re n t in  th e  loop . T h e  elec tric  fields o f  a  m agnetic  
d ipo le  in  a  b o reh o le  c a n  be  w ritten  as

i0 p m 0 d ( ex p (ik eR)4 
4 п  d A  R (10)

A ccord ing  to  th e  th eo ry  o f  Bessel fu n c tio n s, th e  
follow ing eq u a tio n  exists

да
5 3 ^  = 1 Г А Т о О ы У ^  * ) ,  (11)

R  п J-да
w here  n  =  k! — k 2e is th e  rad ia l w avenum ber o f  the  
e lec trom agnetic  waves in  bo reh o le  fluid. T herefo re , in  
th e  frequency  w avenum ber d o m ain  th e  e lec trom ag
n e tic  fields in  th e  b o reh o le  c a n  be  w ritten  as

E 0  = A —  A ( her)  + heK 1( her)
Пе 4п

2

Hz = AIo( n er) -  ^ Ko( n er) ,  
4 п 2

( 1 2 )

( 1 3 )

Hr = A — zl x (ПеГ) -  ^  K 1 ( П e Г) . (14)
Пе 4 п 2

I n  th e  p o ro u s fo rm a tio n  th e  acoustic  field  in d u ced  
by  E M  wave an d  th e  converted  acoustic  field in flu 
ences back  o n  th e  E M  field d u e  to  seism oelectric  
effect. T h e  T E  wave in  th e  po ro u s fo rm a tio n  is coup led  
w ith  S H  wave due  to  seism oelectric  effect. T h e  so lu 
tio n  to  th e  co u p led  equa tions o f  seism oelectric  w aves’ 
m o tio n s c a n  be o b ta in ed  by  separa ting  th e  basic field 
u , w , E  in to  its h o rizo n ta lly  po la rized  sh ea r c o m p o 
n en ts , an d  ca n  be  w ritten  in  te rm s o f  sca la r p o ten tia l 
func tions as

u  =  V x ( % sh +  % em )  , ( 1 5 )

w  =  V  x  ( a sh % sh +  a em % em ) ^ , ( 1 6 )

E  =  V x ( p sh % sh +  P em % em )  ^ . ( 1 7 )

E ach  o f  p o ten tia ls  satisfies H e lm h o ltz -ty p e  wave 
eq ua tion . T h e  expressions fo r a y, py a re  given in  [4], 
an d  j =  sh, em  d eno tes S H  waves an d  T E  waves, 
respectively. T h e  p o te n tia l in  th e  frequency-ax ia l 
w avenum ber is

( r, kz, ю) = AyKo(ny, r ) , (18)

w here  n j  =  k! — k 2 ( k 2 =  ю2 s2) are  th e  rad ia l wave
n u m b e r o f  th e  seism oelectric  waves a n d  Sy is th e  wave 
slow ness. T h e  in te rest q u an tities co u ld  be  expressed by 
th e  p o ten tia ls .

U0  = Ashp shK 1 ( n shr) + Aemp emK 1 ( n emr ) , (19)

0 AshPshhshK1( n shr)  + A emp emn emK 1 ( n emr ) , (20)
2

H z= iAshh s h P shK 0 (h shr)

2
+  A em n em P em K 0( n em r ) ] / ( р ю )  ,

(21)

Tr0 = G b [A shn 2hK 2 (nshr ) + A em n lm K 2(. n emr ) ] - (22)
We c a n  solve th e  co u p led  governing equa tions an d  

use waves b o u n d a ry  co n d itio n s to  o b ta in  so lu tions o f  
T E -S H  e lec troacoustic  logging. T h ree  b o u n d a ry  c o n 
d itions a t th e  b o reh o le  w all are
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x ,0 = 0, EB = E 0 ; Hz = Hz, 
an d  c a n  be  rew ritten  in  th e  fo rm  o f  m a trix  as,

mu m12 '"13

m 21 m 22 m23

A
A s h

V m 31 m 32 m 33 J  V A em J

6 Л 
b 1

V b3  J

(23)

(24)

an d  e lem ents o f  m j  are

mn = 0; m12 = G b ^ K  (hsiA ); 

m13 = Gby\lmK2(nema) ; m21 = -/ff l^ /1  ( ^ )/Пе;
(25)

m22 = PshhshK1 (hshfl) ; m23 = PemhemK1 (^em ^) ;

m31 = K 0 ( п еа ); m32 = - i  pshh2hK0(hsha) / ( ® f ) ;

m33 = -i'PemhemK0 (hem« ) /(Ю Ц) •

T h e  e lem en t o f  bj are

* 1 = 0; b 2 = ™ L 0 n K  ( n ea );
4 я

b3 =
2

n m -0
4 я 2

K 0 (Пеа ) •

(26)

I f  th e  in fluence  o f  th e  converted  acoustic  field o n  
th e  E M  field is w eak enough , we ca n  assum e th a t it  is 
negligible. T h e  second  te rm  o n  th e  righ t h a n d  o f  
Eq. (5) becom es zero , thu s th e  E M  field in  th e  po rous 
fo rm a tio n  c a n  be ob ta in ed  by solving M axw ell’s eq u a 
tions. O n c e  know ing  th e  E M  field, we c a n  d e te rm in e  
th e  converted  acoustic  field. T h e  acoustic  fields are  
satisfied

Gb V 2 u  + ю2 p u  + ю 2 pyW  = 0 (27)

- i  ю w  = ю2 p f-  u  + L E  (28)
П

i.e ., th e  e lectric  field ca n  be  co n sid ered  as th e  source  
o f  acoustic  field

p 2
GbV 2u  + ю2р и  -  ю2р-  u  = - m p fL E ,, (29)

P
h e re  p =  г'п/(юк).

I f  th e  electric  field becom es zero  th e  above eq u a 
tio n  is B io t e q u a tio n  fo r SH  acoustic  waves. We can  
o b ta in  th e  d isp lacem en t in d u ced  by  electric  field,

u * = €  E , (30)

€  = iL Pf iLPf
2 2 2 

Ю Gb (^em — Ssh) Ю GbSsh
(31)

E lectric  field an d  axial m agnetic  field c a n  be  w rit
te n  as

E 0  = - i ю F B emK 1 (hem^) / he

nK 0 (hemr ) .H Z =  B em -

(32)

(33)

W ith  th e  E M  waves b o u n d a ry  co n d itio n s  a t the  

b o reh o le  w all, i.e ., E 0 =  E 0 ; Hz =  H*, th e  coeffic ien t 
Bem c a n  be d e te rm in ed  as

B
em (34)

2
= ^ ( 4 ^ 1 ^ ^ )  + К ^ а Щ Ц ' а )  m 0r|e

K 0 (hema )h  (Пеа) + heK 1 (hema ) Л) (Пеа ) / hem 4 Я2 
D isp lacem en t in  po ro u s fo rm a tio n  ca n  be 

w ritten  as

u 0  = В М ч ^ Г ) -  i€ Ю F B emK 1 (П emr ) / hem. (35)
W ith  th e  acoustic  field b o u n d a ry  co n d itio n , t^  =  

Gb(du0 /dr — u0/ r )  =  0 o r  du0 /dr — u0/ r  =  0, th e  coeffi
c ien t Bsh ca n  be  d e te rm in ed  as

Bsh
= i€  Ю Ц ^ П а ш ^  в  

Osh K 2 ( п ^ а )
(36)

It show s th e  conversion  acoustic  field an d  electric  
field is m a in ly  d ep en d en t o n  th e  e lec trok ine tic  c o u 
pling  coeffic ien t. W ith  th e  above eq ua tions, w e can  
o b ta in  th e  tran s ien t w aveform s o f  th e  e lectric , m ag 
n e tic  fields an d  acoustic  fields a long  th e  b o reh o le  by 
d ig ital F o u rie r transfo rm .

N U M E R IC A L  R E SU L T S

T h e  p a ram ete rs  o f  th e  po ro u s fo rm a tio n  an d  b o re 
h o le  fluid u sed  fo r sim u la tio n  are  listed  in  table. A  fast 
fo rm a tio n  is a  ro ck  in  w h ich  th e  sh ear velocity  faster 
th a n  th e  b o reh o le  flu id  velocity  an d  a  slow  fo rm atio n  
is a  ro ck  in  w h ich  th e  sh ea r ve locity  slow er th a n  th e  
b o reh o le  fluid velocity. T h e  po ro u s m e d iu m  is a  slow 
fo rm a tio n  w hose sh ea r wave velocity  935 m /s , an d  th e  
po ro u s m e d iu m  is a  fast fo rm a tio n  w hose sh ea r wave 
velocity  1707 m /s . To s im u la te  th e  T E -S H  elec trose is
m ic logging response, we ca lcu la te  c ircu m feren tia l 
d isp lacem en t u0 an d  c ircu m feren tia l e lectric  field E 0. 
T h e  acoustic  receivers are  assum ed  to  be  p laced  in  the  
b o reh o le  w all an d  electric  field sensors a re  p laced  in  
th e  flu id  n earb y  th e  b o reh o le  wall. We use th e  pulse 
source  fu n c tio n  [16],

V0( t)

1 , 2 я1 + c o s ---
T

0, t < 0 o r t > T,

T  ,0  < t < T,
(37)

w here  f0 is th e  c e n te r  frequency  an d  T is th e  pulse 
w id th . In  th e  follow ing n u m erica l s im u la tio n  ex am 
ples, we a d o p ted  cen tra l frequency  4 k H z  an d  pulse 
w id th  0.75 m s.

F igure 1 show s full waveform s excited  by a  vertical 
m agnetic  d ipo le  sou rce  lo ca ted  in  th e  b o reh o le  su r
ro u n d ed  by  fast fo rm atio n . T h e  w aveform s o f  
responses by  two d ifferen t m e th o d s on ly  have a  very 
sm all relative d ifference, an d  c a n  n o t be  seen  in  fig
ures. I t is show n th a t i f  e lectric  field is o n  th e  o rd e r o f
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The parameters are used for simulation. s0 is the permittivity of vacuum
Parameter Property (unit) Fast Formation Slow Formation

a Borehole radium, m 0.1 0.1
ф Porosity, % 0.15 0.3

K0 Darcy permeability, Darcy 1 1
Gb Frame shear modulus, GPa 7.0 1.855
P* Solid density, Kg/m3 2650 2650
Pf Fluid density, Kg/m3 1000 1000
zs Solid permittivity (s0) 4 4

f  sb Pore, borehole Fluid permittivity 80 80
f  Cb Pore, borehole Fluid salinity, mol/L 0.001 0.001

n Fluid viscosity, Pa • s 0.001 0.001
T Temperature, K 298 298

Tortuosity 3 2

1 V /m , th e  p a rtic le  d isp lacem en t is o n  th e  o rd e r o f  
p ico m etre . Obviously, th e re  are  two d ifferen t wave 
packe ts o f  partic le  d isp lacem en t. I t  is sh o w n  by lines 
a—a an d  b—b in  Fig. 2. Two wave packets are  orig i
n a ted  a t th e  b o reh o le  w all th ro u g h  conversion  o f  E M  
energy  to  acoustic  energy. T h e  first wave packets 
(line  a—a) re ach  th e  receivers a t a lm o st th e  sam e tim e  
w h ich  n am ed  as a n  E M -acco m p an y in g  acoustic  wave 
groups. U n lik e  vertical e lectric  d ipo le  sou rce  as a 
sou rce  in  E -A  logging [18], w h ich  w ill excited  th e  
com pressiona l wave g roup , th e  sh ea r an d  p seu d o -R ay 
le igh  wave g roup  an d  th e  S to n e ley  wave g roup  in  th e  
fast fo rm atio n . V ertical m ag n etic  d ipo le  sou rce  w ill 
o n ly  excited  th e  sh ea r wave g roup  (T E -S H  w aves).T he 
d ifference in  tim e  betw een  arrivals a t th e  receivers is 
u sed  to  estim ate  th e  travel tim e , o r  slow ness (the  
inverse o f  acoustic  velocity), o f  acoustic  waves in  fo r
m atio n . We ca n  ca lcu la te  th e  seco n d  wave packets 
p ro p ag a te  w ith  sh ea r wave velocity  ab o u t 1707 m /s .

I t  is well k n o w n  th a t co n v en tio n a l son ic  logging 
to o l c a n ’t  be  used  to  o b ta in  th e  sh ear wave velocity  in  
slow fo rm atio n . M o d e rn  sonic  logging to o l carries 
b o th  m o n o p o le  an d  d ipo le  sou rce  an d  receivers so th a t 
com pressiona l an d  sh e a r  waves’ arrivals ca n  be 
reco rd ed  in  fast fo rm a tio n  an d  slow  fo rm a tio n  [9, 16, 
21]. T h e  d ipole  sonic  log c a n  g en era te  a  flexural wave 
in  slow  fo rm atio n . T h e  flexural wave is dispersive, i.e. 
low  frequency  travel faster th a n  h ig h  frequency. T h e  
low est frequency  co m p o n e n t arrives a t sh ea r wave 
velocity. I t  needs fo r  o n e  c o n d u c t a  c o rre c tio n  (slow 
ness) fro m  d ipo le  waves (flexural m o d e). I f  we use  one  
type sh ea r waves, S H -T E  o r T E -S H  waves, we w o n ’t 
n eed  to  c o n d u c t slow ness co rrec tio n . F u ll w aveform s 
excited  by  a  vertical m agnetic  d ipo le  so u rce  lo ca ted  in  
th e  b o reh o le  su rro u n d ed  by  slow  fo rm a tio n  a re  show n  
in  Fig. 3. A gain  th e  w aveform s o f  responses by  two d if
fe ren t m e th o d s on ly  have a  very sm all relative d iffer
ence, an d  c a n  n o t be seen  in  figures. T h e re  are  two dif-
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2 6
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0TOayiЧи_3о

—6о uc

u0 coupled method 
u0 uncoupled method 
electric E0

10

5 a
>
43<D0
U*Eho-5 H

-10

Time, ms0 1 3 4

Fig. 1. nt full waveforms of electric field near the
borehole wall and acoustic displacement of the borehole 
wall for the fast formation.

Fig. 2. Transient full waveforms of acoustic displacement 
of the borehole wall for the fast formation when the dis
tance to the source z varies from 3.0 to 4.0 m.
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th a n  th e  velocity  o f  b o reh o le  fluid. T h e  p ro p erties  o f  
T E -S H  seism oelectric  wave fields in  a  fluid filled b o re 
h o le  su rro u n d  by  a  po ro u s m ed ia  are  stud ied . We c o n 
sidered  th e  e lectroseism ic wave fields excited  a  vertical 
m agnetic  d ipo le  in  a  bo reho le . Two m eth o d s  are  used  
to  s im u la te , o n e  is th e  co u p led  m e th o d  based  o n  P rid e  
m o d e l an d  a n o th e r  is th e  u n co u p led  m eth o d . T h e  full 
w aveform s o f  e lec trom agnetic  wave in d u ced  SH  waves 
excited  by V M D  source  in  th e  tim e  d o m ain  p ropaga
tio n  in  b o reh o le  are  s im u la ted  an d  analyzed . I t  m igh t 
be  possib le  to  use S H -T E  o r T E -S H  logging to  m e a 
sure sh ea r wave velocity  directly.

A C K N O W L E D G M E N T S

Fig. 3. n t fu l l  w a v e f o rm s  o f  e le c t r i c  f ie ld  n e a r  t h e
b o r e h o le  w a ll  a n d  a c o u s t ic  d i s p la c e m e n t  o f  t h e  b o r e h o le  
w a l l  f o r  t h e  s lo w  f o r m a t io n .

Time, ms
Fig. 4. T r a n s ie n t  fu l l  w a v e f o rm s  o f  a c o u s t ic  d i s p la c e m e n t  
o f  t h e  b o r e h o le  w a ll  f o r  t h e  s lo w  f o r m a t io n  w h e n  t h e  d is 
t a n c e  t o  t h e  s o u r c e  z v a r ie s  f r o m  3 .0  to  4 .0  m .

fe ren t wave packets o f  p artic le  d isp lacem en t in  Fig. 4 
show n by  lines a—a an d  b—b. Two wave packe ts are  
o rig ina ted  a t th e  b o reh o le  w all th ro u g h  conversion  o f  
E M  energy to  acoustic  energy. O nce g en e ra ted , they  
propagate independently  o f  the  electric field. T he wave 
packets (line a—a) are the  E M -accom panying  acoustic 
wave groups. T he difference in  tim e betw een arrivals a t 
the  receivers shows th a t the  second wave packets propa
gate w ith  shear wave velocity about 935 m /s . A lthough  
th e  conversion  efficiency is very low  an d  su ch  te c h 
n iq u e  w ill be  d ep en d en t o n  efficiency o f  d e te c to r  an d  
am p litu d e  o f  source. I t  m ig h t be  possible to  o b ta in  
sh ea r wave velocity  especially  in  slow  fo rm ation .

C O N C L U S IO N S

B ecause  o f  u n co u p lin g  o f  SH  waves w ith  P -S V  
w aves, a  sim ple an d  fo rth rig h t way to  ge t sh ea r waves 
in fo rm a tio n  m ig h t be  possib le, especially  fo r soft 
o r  slow  fo rm a tio n  w hose sh ear wave velocity  is low er

T his w ork  is su p p o rted  by  th e  N a tio n a l N a tu ra l 
S cience  F o u n d a tio n  o f  C h in a , G ra n t nos. 40974067 
an d  41004044, S tate  K ey L abora to ry  o f  A coustics 
(IA C A S) u n d e r  G ra n t no . 200807.
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