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A Review of Some 3D and 2D Models Using Data Simulation 
Norman M. Cooper 

 
 

Overview 
 
Acquisition geometries for 2D and 3D programs have been disputed and analyzed in the past.  Frequently, our only source of discussion are 
the statistics generated (fold, offset distributions, etc.).  The author has presented papers at several recent conventions and seminars outlining 
the benefits of simulating stacked data using modelled offset distributions in conjunction with real data in the form of selected common offset 
stacks.  Several of these simulations will be presented using models of different popular geometries.  These models will also be reviewed with 
regard to robustness under perturbation. 

 
Geometric Noise 
 
Often referred to in 3D programs as “geometric imprinting” or “footprints of design”, geometric noise results from bin to bin (or CDP to CDP) 
variations in trace statistics.  The primary controlling factor is source receiver offsets.  Few acquisition geometries provide data that will result in 
stacked traces consisting of identical mixtures of offsets.  The degree of offset heterogeneity may result in different signal-to-noise 
characteristics of the stacked traces.  In fact, trace to trace variations will be seen not only as amplitude variations, but also as static and phase 
variations.  This results when the contributing stacked data has different signal and noise characteristics at different offsets.  Since most of our 
noise is source-generated, this should often (but not always) be expected.  Data sets that exhibit stable signal and noise characteristics with 
offset are relatively in-sensitive to offset heterogeneity.   

We refer to the amplitude, static and phase instabilities introduced by incomplete wavefield sampling as “geometric noise”.  The impact of such 
noise is easy to evaluate through data simulation.  We now rely strongly on a statistic based on the standard deviation of amplitude variations 
across a given time slice.   

All survey designs (except “full stack array” in 2D and “full wavefield sampling” in 3D) result in some degree of amplitude variation independent 
of geologic changes.  Can these instabilities be modelled and separated from final results?   To what extent can various geometries mitigate 
these effects? 

These are the questions whose answers we are working toward with the research presented in this paper. 
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2-D
Geometry 
Lessons

6

Stack Array 2D 
(0-1500 m)  Fold = 75

7

Stack Array 2D on stations
(0-1500 m)  Fold = 75

8

Sparse 2D x 4
(0-1500 m)  Fold = 18-19

9

Sparse 2D Shot on Stations
Fold = 18-19
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10

Sparse 2D Shot on Stations       Simulated Data

11

Sparse 2D x 4                Simulated Data

12

Stack Array 2D on stns             Simulated Data

13

Stack Array 2D                 Simulated Data

14

S. I. = 4 x R. I. S. I.  =   R. I.

Geometric Noise
151
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16

278  sources  per km2

278 receivers per km2

16 -33 linear kms per km2

17

69  sources  per km2

139 receivers per km2

8.33 linear kms per km2 

(all as source line)
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46  sources  per km2

69 receivers per km2

4.17 receiver kms per km2 

2.78  source  kms per km2 
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46  sources  per km2

69 receivers per km2

4.17 receiver kms per km2 

2.78  source  kms per km2 
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46  sources  per km2

69 receivers per km2

4.17 receiver kms per km2 

2.78  source  kms per km2 
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46  sources  per km2

69 receivers per km2

4.17 receiver kms per km2 

(1/2 as source access)
2.78  source  kms per km2
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46  sources  per km2

69 receivers per km2

4.17 receiver kms per km2 

(1/3 as source access)
2.78  source  kms per km2 
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46  sources  per km2

69 receivers per km2

4.17 receiver kms per km2 

3.11  source  kms per km2 
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46  sources  per km2

69 receivers per km2

??? receiver kms per km2 

???  source  kms per km2 
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Construction of Random

26

Surface Source Bin

SL

si

27

RL

ri

Surface Receiver Bin
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28 29

302 31

32

Compared to Orthogonal designs
this MegaBin has twice the receiver 
density and 50% more sources in 

half the number of bins.
It should have 6 times the fold !!

33

Megabins are usually gathered in 
half-sized bins in the cross-line 

direction.  Then an interpolator such 
as FX Prediction filtering 

reconstructs the unimaged bins.
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524 53

54 55
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Offset Homogeneity
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645 65

66 67

68 69
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Largest Offset Gap
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766 77

Crossplot of Largest Offset Gap Size vs Position
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Crossplot of Largest Offset Gap Size vs Position
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Crossplot of Largest Offset Gap Size vs Position
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Crossplot of Largest Offset Gap Size vs Position
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Crossplot of Largest Offset Gap Size vs Position
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Crossplot of Largest Offset Gap Size vs Position
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Crossplot of Largest Offset Gap Size vs Position
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Crossplot of Largest Offset Gap Size vs Position
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Crossplot of Largest Offset Gap Size vs Position
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Azimuth Distribution
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Azimuth Distribution
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Azimuth Distribution
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Azimuth Distribution
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Azimuth Distribution
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Azimuth Distribution
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Azimuth Distribution
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Azimuth Distribution
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Azimuth Distribution
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Azimuth Homogeneity
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Azimuth Gap Size
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Crossplot of Largest Azimuth Gap Size vs Position
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Crossplot of Largest Azimuth Gap Size vs Position
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Crossplot of Largest Azimuth Gap Size vs Position
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Crossplot of Largest Azimuth Gap Size vs Position
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Crossplot of Largest Azimuth Gap Size vs Position
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Crossplot of Largest Azimuth Gap Size vs Position
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Crossplot of Largest Azimuth Gap Size vs Position
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Crossplot of Largest Azimuth Gap Size vs Position
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Crossplot of Largest Azimuth Gap Size vs Position
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Conclusions

Technical / Imaging differences 

amongst models are subtle 

– Perturbation will further minimize differences

Bricks and Diagonals are slightly better in azimuth 

characteristics

Triple staggered Othogonals, diagonals

and randoms generate least imprinting

199

Conclusions

Models should be selected for their 

operational suitability

There is no model that is 

ideally suited to all purposes

We must be aware of the varied 

characteristics and make informed choices
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MUSTAGH RESOURCES LTD. 
If you desire more information or would 

like a copy of this tutorial, please 
contact Norm Cooper or Yajaira Herrera

phone  (403) 265-5255

fax (403) 265-7921

modem (403) 264-5165 (ProComm Plus)

e:mail   ncooper@mustagh.com

web page   http://www.mustagh.com
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MUSTAGH RESOURCES LTD. 

Or write us at:

400, 604 - 1st Street SW

Calgary, Alberta, Canada

T2P 1M7
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