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Man-made boreholes: before drilling a relief well
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Accuracy of numerical modeling methods

Sampling of space = loss of accuracy

dy
dx

A small cylinder and a FD grid A meshed cylinder in FE
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Wave equation in time domain

The system of equations in an acoustic medium:
0*u
oz = VP
p=-AV-u+d(x)s(t)
p, A — density and bulk modulus of the medium
u — displacement

p — pressure
s(t) — source signature
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Scalar potentials

Let ¢ be the displacement potential: u = V¢ —

1 0%
2
Vo Gge =0

c= \/% — wave velocity
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Scalar potentials

Let ¢ be the displacement potential: u = V¢ —

1 0%
2
Vo Gge =0

c= \/% — wave velocity

Assuming time-dependence ¢(w,t) = ®(w)e! —

2
S
V25 + t’—z@ - 5(x)(;’)
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Solution — in cylindrical coordinates

Solve the equation by separation of variables

® = R(r)Z(z)0(0)

P4
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Solution — homogeneous medium

(D:g(w) /Hr(lZ) (kr) [Ae'jz—l—Be'jz—l—leVlZ']kdk
14

S(w)

(W)=-3+
2 w2 ‘A—)r

=K

P4
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Solution — stratified medium

Pi=g(w / HP (kr) [A e V7Bt %le kdk
v

w2

2_ Y
k =
J

A; and B; - from boundary conditions
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Solution — offset source

q>j:g(w)§:encos(n9) / Tn(kr)HP) (kb) [Zi(2)] kdk, r<b
n=0 oo

1,n=0
€n —
2,n>0

p1,61 Z1
Pi> G Zj
Z
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Solution — vertical cylindrical inclusion

Pi=g(w)>_encos(nf)

n=0

Theory
0000000

S, — from boundary conditions:

Empty cylinder: ®; + @jc

Rigid cylinder: %<I>j + 2P

r=a
Jn(ka)
=D e
H (ka)

il 0 —
_ Jn(ka)
HY" (ka)
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Model parameters

p1 = 1.0g/cm? 51%4}
pr= 2.7 g/cm’ A (rr,0,2)
¢ = 1500 m/s :

co = 2800 m/s i

b = 300m !

2 = 1000 m e | L

Zs = Om Q,Dzl

z = 25m P22 i

Acquisition geometry - polar i

Source signature - Ricker pulse e
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Response of the medium without the well, fy = 20 Hz, line Y = 0 m
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Response of the medium without the well, fy = 20 Hz, trace X = 1000 m,
Y=0m

5%x10~7

0 0.5 1 1.5 2
Time (sec)
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Conclusions

Response of the empty well, a = 10 cm, f; = 20 Hz, line Y = 0 m
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Response of the empty well, a = 10 cm, fy = 20 Hz, trace X = 1000 m,
Y=0m
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Total wavefield, empty well, a = 10 cm, f, = 20 Hz, lineY = 0 m
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Total wavefield, empty well, a = 10 cm, fy = 20 Hz, trace X = 1000 m,
Y=0m

5%x10~7
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Time (sec)
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Total wavefield, empty well, a = 100 cm, fo = 20 Hz, lineY =0 m
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o
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Total wavefield, empty well, a = 100 cm, fy = 40 Hz, lineY = 0 m

N
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Response of the empty well, a = 100 cm, f; = 40 Hz, line r = 800 m

Azimuth (rad)
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o 1 1 1 1 1 1

diffracted
direct

diffracted on
the intersection

Ivan Karpov (NTNU) Waves in strata with cylinders 26 April, 2016 23/33



Numerical examples
0000000000800000

Response of the rigid well, a = 100 cm, fy = 40 Hz, line r = 800 m

Azimuth (rad)
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Scattered wavefields when ka — 0

B =g(w Zencos (nf) / S.HP (kr)H? (kb) [2;(2)) kdk
Empty borehole: Rigid borehole:
i7T . ka 2.
" 2In(ka)’ n=0 <2> i n=0
Sn— on . Sn—
<ka> i >0 ka\*" ir
2 /) nl(n-1)" _(2> nl(n—1)!" n=>0

Difference in magnitude only between Sy
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Response of the empty cylinder, a = 100 m, fy = 40 Hz, line r = 800 m

-l
e

Ivan Karpov (NTNU)

Azimuth (rad)

1 2

3

4

Waves in strata with cylinders

26 April, 2016

26/ 33



Outline Motivation
o 0000

Theory Numerical examples Conclusions
0000000 0000000000000e00 oo

Total wavefield, empty cylinder, a = 100 m, fo = 40 Hz, line r = 800 m
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Total wavefield, rigid cylinder, a = 100 m, fy = 40 Hz, line r = 800 m
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Total wavefield, empty cylinder, a = 10 cm, fo = 20 Hz, areal acquisition
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Conclusions

1. The method provides an exact description of wavefields in
stratified acoustic media pierced by empty/rigid cylinders
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Conclusions

1. The method provides an exact description of wavefields in
stratified acoustic media pierced by empty/rigid cylinders

2. Scattered wavefield — two parts:

o Scattered direct wave
e Scattering from the intersection between the cylinder and the
boundaries

3. Even very thin (compared to wavelength) cylinders are
visible for seismic frequencies
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Discussion

1. The method does not allow both to "fill" cylinders with finite
velocity and density and to set an infinite well
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Conclusions
°

Discussion

1. The method does not allow both to "fill" cylinders with finite
velocity and density and to set an infinite well

2. Dependence of wavefields on well filling properties should
be investigated
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