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Data:

- the v alues of P-w a v e v elo cit y and P/S ratio giv en on a 2-D grid

- (later: the p ositions of the structural in terfaces giv en)

T ask:

- to calculate syn thetic seismograms sim ulating a reection measuremen t

in the lo calit y .



Metho d

Construction of a smo oth one-blo c k v elo cit y mo del P1 b y sim ultaneous

least-square �tting of the discrete v alues of slo wness and minimizing the

square of the Sob olev norm comp osed of second deriv ativ es of the slo wnesses

in the mo del.

F or mo del P1I with in terfaces: sim ultaneous least-square �tting of the dis-

crete data for in terfaces and minimizing the square of the Sob olev norm

comp osed of second deriv ativ es, i.e. w e minimize the curv ature of the in-

terfaces. In the second step �tting of slo wnesses.



Input information for v elo cit y mo del

2-D v elo cit y pro�le, length of 47.3 km and depth of 6 km,

474 � 61 p oin ts with equal horizon tal and v ertical spacing of 0.1 km



First deriv ativ es of the P-w a v e v elo cit y data

Horizon tal �rst v elo cit y deriv ativ es in data grid

V ertical �rst v elo cit y deriv ativ es in data grid



Second deriv ativ es of the P-w a v e v elo cit y data

Horizon tal second deriv ativ es in data grid

V ertical second v elo cit y deriv ativ es in data grid



Data for the structural in terfaces



Smo oth one-blo c k mo del P1

Mo del parameterization, amoun t of smo othing:

- b oth the P and S-w a v e v elo cities parameterized b y 474 � 61 spline p oin ts

lo cated at the same p ositions as the v elo cit y data p oin ts

- as the data, the v alues of P and S-w a v e slo wness are used

- in the mo del the slo wnesses are in terp olated

- the amoun t of required smo othing is relativ ely small



Smo oth one-blo c k mo del P1

P-w a v e v elo cit y in the smo oth one-blo c k mo del P1 (4.64 km/s { 5.93 km/s)

P-w a v e v elo cit y data for the mo del P1 sho wn in the same colour scale

P-w a v e v elo cit y di�erences (-0.13 km/s { 0.08 km/s)



Smo oth one-blo c k mo del P1

S-w a v e v elo cit y in the smo oth one-blo c k mo del P1 (2.66 km/s { 3.35 km/s)

S-w a v e v elo cit y data for the mo del P1 sho wn in the same colour scale

S-w a v e v elo cit y di�erences (-0.08 km/s. { 0.08 km/s)



Mo del P1I with structural in terfaces

Data for the structural in terfaces

Structural in terfaces and structural blo c ks in the mo del P1I



Mo del P1I with structural in terfaces

P-w a v e v elo cit y in mo del P1I (4.66 km/s { 5.93 km/s)

P-w a v e v elo cit y di�erences from the data (-0.21 km/s { 0.15 km/s)

P-w a v e v elo cit y di�erences b et w een mo dels P1 and P1I

(-0.10 km/s { 0.19 km/s)



Mo del P1I with structural in terfaces

S-w a v e v elo cit y in mo del P1I (2.69 km/s { 3.42 km/s)

S-w a v e v elo cit y di�erences from the data (-0.08 km/s { 0.08 km/s)

S-w a v e v elo cit y di�erences b et w een mo dels P1 and P1I

(-0.07 km/s { 0.08 km/s)



Syn thetic seismograms in mo del P1I

Ra y tracing:

- w a v es primary reected at �rst to eigh th in terfaces plus con v erted w a v es

- p oin t source at the surface at 25 km

- pro�le of 37 receiv ers placed from 16 km to 34 km with the step of 0.5 km

Syn thetic seismograms:

- v ertical force

- Gab or signal with reference frequency 100 Hz

- seismograms are sho wn with no di�eren tial scaling b et w een comp onen ts

and traces to see relativ e true amplitudes



Syn thetic seismograms in mo del P1I

Ra y tracing - w a v e reected at �rst, second, third and fourth in terface



Syn thetic seismograms in mo del P1I

Ra y tracing - w a v e reected at �fth to eigh th in terfaces



Syn thetic seismograms in mo del P1I - v ertical comp onen t
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Syn thetic seismograms in mo del P1I - radial comp onen t
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Conclusions

- The giv en P and S-w a v e v elo cit y data are relativ ely smo oth. The amoun t

of smo othing required to create a smo oth one-blo c k mo del P1 w as relativ ely

small, and the relativ e di�erences b et w een the smo oth mo del and the giv en

data are in the order of (0 : 1 km s

� 1

= 5 km s

� 1

) = 2%.

- The data giv en for the structural in terfaces allo w to construct the mo del

P1I with in terfaces, whic h is suitable for ra y tracing. The relativ e dif-

ferences b et w een the mo del P1I with in terfaces and the data are again

relativ ely small, they remain in the order of (0 : 2 km s

� 1

= 5 km s

� 1

) = 4%.

- The calculation of P and S w a v es primary reected at the in terfaces pro-

vides syn thetic seismograms whic h sim ulate a reection study along the

giv en pro�le.



Ac kno wledgemen ts

- Stream Oil & Gas Ltd for the p ermission to use the v elo cit y data

- Lud � ek Klime � s for his kind guidance of the presen ted w ork

The researc h has b een supp orted b y the Gran t Agency of the Czec h Re-

public under Con tract P210/10/0736, b y the Ministry of Education of the

Czec h Republic within researc h pro ject MSM0021620860, and b y the mem-

b ers of the consortium \Seismic W a v es in Complex 3-D Structures"

S
E

I
S
M

I C
WAV ES I N

COM PLEX 3 - D
S

T
R

U
C

T
U

R
E
S

(see \h ttp://sw3d.cz").


