
            Seismic Data Processing steps

Vertical resolution: Theoretical limit is h = /4 (& in the practical limit, 
                                       h will have to be > /2) 

Horizontal resolution: The first Fresnel zone (approximate area of the reflector
responsible for a signal) for above practical h

min
= /2, will be R

min
= /2!

         Recall V = fFor V = 1500 m/s, f = 100 Hz,  = 15 m:  h
min

 = 7.5 m R
min

                                                                                                                  

 (at geophone frequencies!)

h = 7.5 m

 = 10 m 

 = 20 m

(Burger  §4.5-4.6)
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Step I: Static Correction          Step II: Velocity Analysis
                                                (a) Trial-&-error: At every t0, try lots of 
                                                                      “stacking velocities” Vs to find which 
                                                                      best “flattens” the reflection arrival:

                                                                (b) Similar to (a), but for each trial we sum all
                                                                     of the trace amplitudes and find which 
                                                                     correction produces the largest stacked 
                                                                     amplitude at time t0:

(c) Assume every t0 is the onset of a reflection.
    Window every geophone trace at plus/ 
     minus a few ms and compare (“cross-
     correlate”) all traces within the window. 
     Stacking velocity Vs that yields the most 
     similar waveform in all windows gives 
     highest cross-corr & is used for that t0.
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Step III: Common Depth     Step IV: Migration 
              Point Stacking            
                                                     Seeks to distribute reflection 
                                                     Energy back to its correct 
                                                     position in two-way travel-time.
                                                     The “true” reflecting surface is 
                                                     defined by a tangent passing 
                                                     through each of the arcs.
              



Seismic quality

Depends on:

• Acoustic impedance contrast

• Depth ( frequency)

• Layer thickness ( interference)

• Properties of overlying layers

• Source energy

• Processing parameters

• Acquisition direction

• Instrumentation



Industry Seismic Reflection Interpretation
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Industry Seismic Reflection Interpretation

• Data collection: Huge quantities of data! Redundancy is key!

• 2D profiling still used for initial reconnaissance, but 
        3D is industry standard for prospects

• 3D gives higher resolution, better positioning (enables migration of 
        “out-of-plane” seismic reflection energy)
 

• Usually active source (explosions, as distinct from natural sources)

 

• Industry seismic images the upper 0-8 km of the crust

 

   Deep seismic images the entire crust and the uppermost part of the mantle• 
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2D Seismic Data
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2D Seismic Data

• 2D lines are long profiles that are processed independently

• Generally collected now for regional reconnaissance studies

• Covers large areas and gives an overall picture of the geology
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2D Seismic Data
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2D Seismic Data



Color convention: Blue for positive amplitude, red for negative…
Haakon Fossen 2010

Note how weaker amplitude synclinal layers fade out!
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Lateral resolution: Faults are sharp, imaged offsets less so…
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Salt structures
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Salt structures
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Salt structures
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Salt structures
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3D Seismic



Haakon Fossen 2010

3D Seismic
3D Data: 
• Collected by shooting many parallel lines ~25 m apart
• Migrated together to increase accuracy and to create a coherent data volume (cube) 
• Collected over all offshore oil and gas fields
• Underpins the geometric understanding of an oil field
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Data acquisition





3-D visualization
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• 4D seismic data is the combination of several 3D datasets collected at different 
times and collected/processed in the same way 

• The difference tells us where and how changes have occurred in the reservoir 
during production in the time interval. 

• This information is used for optimal positioning of new wells 

4-D seismic
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In industry, the process of determining what physical 

characteristics of rocks and pore fluid could have produced 

a given seismic image/data set:

Seismic inversion
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