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TZ(AX57AXG7AZS7AZG) =

sin sin cos cos 2 i
(tO + BG AXG _ ﬁS AXS + BG AZG _ BS AZS) General case
Ve Vs Ve Vs

+tgDB ! (Axg — Azg tan fig)?
+tg AB ! (Axg — Azg tan fs)?
—2tyB 1 (Axg — Azg tan g ) (Axg — Azg tan Bs)

to : Traveltime along central ray

Bs, B : Incidence and emergence angle of central ray
A, B, D : Elements of the propagator matrix

DXs, MXg, Azg, Azg . Source and receiver dislocations

Vs, Vg : Near-surface velocity at source or receiver
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| Axg
Bs | |
Gy G’ ocean bottom

paraxial ray
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OBS and VSP

Arbitrary acquisition geometry:

T?(Axg,Mxg,Azg,Azg) =
sin sin cos cos 2
(to + Pe AXg — Ps AXg+ Pe Azg — 7BSAZS)
V Vg Vg Vg

+to DBil (AXG —AZG tan ﬁG)Z
+tg AB ! (Axg —Azg tan B )?
—2to B! (Axg —Azg tan g ) (Axg —Azg tan fs)




Traveltime formula

OBS acquisition geometry:

T?(Axg,Axg )=
sin sin
(to+ Pe pxg — SNPs py
Ve Vg

+toDB ! (Axg )2

+toAB 1 (Axg )2
—2tyB 1 (Axg ) (Axg
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TZ(AXS7AXG7A257AZG) =
sin sin cos cos 2
<t0+ Pe AXg — Bs AXg + Pe AZG—iﬁsAzs)
Vg Vg Vg Vg

+tgDB ! (Axg — Azg tan fig)?
+tg AB ! (Axg —Azg tan B )?
—2tyB 1 (Axg — Azg tan fig ) (Axg —Azg tan fs)




Traveltime formula

VSP acquisition geometry:

T?(Axs, Azg) =

g

+toDB 1 (
+toAB~ 1 (Axg
—2tgB 1 (

sin cos
- Bs AXg + Pe Azg
Vs VG
— AZG tan ﬁG )2
2
)
—AzgtanfBg) (Axg
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» Data acquisition with two components
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» Consideration of upgoing P- and S-waves

» Both wave types are present on both components
[0 Distinguish between both wave types
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During search for the optimum stacking operator:

» determine emergence angles of central and paraxial
rays at the receivers

» separate coherence analyses and stacks for
longitudinal and transversal components
[J PP & PS CRS stack
S
|

General idea

| BE P ‘L
N
N G/ ocean bottom

central ray
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emerging wavefront

acquisition surface

Paraxial rays

Rg sin g + g

siny = sign(Rg)

\/R2 + 2RgAXg Sin B + AxE

vy: emergence angle of paraxial ray
B : emergence angle of central ray
Rg =1/Kg: radius of curvature at receiver
AXg :  receiver dislocation
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Pragmatic search strategy (similar to ZO CRS stack):
1. Common-shot search: determine g and Kg = Kgs

2. Common-offset search: determine angle and
curvature in separate PP- and PS-stack section

Implementation

3. Common-midpoint search: determine curvature in
prestack data

4. Final CRS stack with spatial operator
for all source/receiver pairs:

» calculation of Kg
» calculation of y

U polarization along entire stacking operator
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Location [km]
-1 0 1 2 3 4 5 6 7 8 9 10

5000

4500

4000

3500

Depth [km]

3000

2500

2000

OBS data, 1-C

1500

Interval velocity [m/s]

Modeling parameters:
» sources in water at constant depth of 6 m

v

receivers on seafloor at constant depth of 1 km
25 m midpoint and offset spacing
maximum CMP fold: 81 &

only primary PP-events simulated

v

v

v
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CMP no. Boelsen & Mann
51 101 151 201 251 301 351 401 451

Time [s]

OBS data, 1-C

Time [s]
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Example: multi-component land data
Model characteristics:

» single horizontal reflector

» primary PP- and PS-events simulated

» both events present on both components

Midpoint [km] Midpoint [km]
4 5 6 7 4 5 6 7

Vertical component Horizontal component
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Midpoint [km] Midpoint [km] 3
35 40 45 55 35 40 45 50 55 Boelsen & Mann

1

Land data, 2-C
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M“’p"‘”‘ fkm] Midpoint [km]
50 45 5 Boelsen & Mann

Land data, 2-C
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