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Overview
This session discusses the anatomy of a geobody, including how it can be spatially broken down and characterized by shape, and how understanding geobody shapes can reveal additional information about the underlying data.
Probability Sampling in Practice: Money-Driven Bias
In practical oil and gas work, the most effective probability sampling is driven by money (dollars, euros, or pounds), which makes it intentionally biased. Wells are never drilled to sample the "average" or uniform properties of an area; they are drilled specifically to find anomalies, meaning well placement is inherently and appropriately biased toward the unusual rather than the ordinary. Balanced against this bias is the general statistical principle that more samples improve results, supporting more detailed models and a better understanding of noise; the practical goal is to make the most of the fewest possible samples, choosing the next sample as efficiently as possible. Ultimately, probability of success (expressed through measures like P10, P50, and P90) is fundamental to communicating predictions to the people providing capital for exploration and development.
Sampling a 3D Survey for SOM Training
Because a full 3D survey represents an enormous volume of multi-attribute data, some form of sampling for training is generally necessary rather than using the entire survey directly.
Harvest Lines and Harvest Patches
As originally proposed in early work with Terry Tanner and Sven Trichtel, SOM training samples can be selected using harvest lines (individual survey lines) or harvest patches (a modest number of adjacent lines, for example two to five lines wide). A separate SOM is trained on each harvest line or patch, and a harvest rule is then applied to select the preferred result among these trial runs, since the model derived from one of them will ultimately be used to classify the entire 3D survey. Because harvest lines can vary in length depending on where they intersect the survey's boundary polygon, this variation must be accounted for when selecting and comparing harvest lines or patches.
Harvest Rules
Five harvest rules were described for selecting the preferred trial SOM among several harvest-line or harvest-patch runs:
1. Best fit: the harvest line or patch whose trained SOM produces the smallest overall error.
1. Best learning: the harvest line or patch whose SOM shows the greatest relative reduction in error from its initial to final state (accounting for the fact that different harvest lines can start with different initial error levels).
1. Best coverage: the harvest line or patch whose trial classification (applied just to its own training samples) yields the smallest percentage of low-probability (poorly fitting) samples.
1. Best of the best: all winning neurons from every harvest line or patch are pooled together, and a new SOM is trained on just that pooled set of winning neurons, producing a consolidated "harvest of harvests" result.
1. Best distribution: the harvest line or patch with the smallest maximum Euclidean distance from any winning neuron to its farthest associated sample.
Random Bin Selection as an Alternative
Rather than harvest lines, training samples can instead be selected by randomly choosing a percentage (for example, 5%) of bin locations within the survey's boundary polygon. Multiple independent random selections (five, eight, or ten separate 5% draws, for instance) can each be used to train a separate trial SOM, providing another basis for comparing candidate models.
Regardless of which selection method is used, once a final preferred set of trained winning neurons has been chosen, the entire 3D survey is classified using that final model. Classifying the full survey using an already-trained model is computationally fast; the majority of processing time is spent during the original unsupervised neural network training itself, not during the subsequent full-survey classification step.
Stratton Field Shape Classification Study
Using the Stratton Field public dataset (Bureau of Economic Geology, located in Kleberg and Nueces Counties, Texas), presented at a recent SEG convention in Anaheim, SOM was run over the Middle Frio zone (which contains the field's channel system), followed by geoscanning to collect individual geobodies for shape-based classification, intended to support seismic stratigraphic interpretation.
Defining Geobody Shape Properties
For each collected geobody (defined using six-point connectivity, or optionally 14- or 26-point connectivity, depending on whether corner and edge adjacency are included), three maximal planes are computed: the time-slice plane, inline plane, and cross-line plane, each identified as the specific slice through the geobody's bounding box containing the largest number of samples. From these three maximal planes, along with the sample counts and spatial ranges, the following geobody properties can be derived: the geobody's center, three maximal plane areas (map view, inline section, cross-line section), maximal plane lengths, vertical thickness, total sample count (geobody volume), interior sample count, "skin" sample count (total minus interior), and the ratio of geobody volume to its bounding-box volume.
Shape Classification Rules
A hierarchical, hand-picked set of classification rules was used to categorize each geobody by shape:
1. Truncated: the geobody touches the edge of the 3D survey in any direction (inline, cross-line, or vertical/time); these are removed first, since their true shape cannot be determined from a truncated view.
1. Flat bar: length in one direction is more than three times the length in the cross direction (a strongly elongated shape).
1. Disk: classified using area ratio criteria distinguishing a relatively flat, roughly equant shape.
1. Sponge: geobody volume exceeds three-tenths (30%) of its bounding-box volume.
1. Brick: geobody volume is between roughly six-tenths (60%) and the sponge/brick boundary of its bounding-box volume, distinguishing bricks from sponges.
1. Blob: any geobody not matching the above categories, of unknown or irregular shape.
Results in the Middle Frio Zone (Public Data, 1.2-1.6 Seconds)
Small geobodies (fewer than 100 samples) were excluded from shape classification, since they are too small to represent meaningful hydrocarbon targets; a histogram of these small geobodies showed roughly 1,195 single-sample geobodies, with progressively fewer geobodies at each larger small-sample size (for example, roughly 150 to 180 two-sample geobodies, and so on).
Of the 768 geobodies larger than 100 samples: 706 were classified as disks, and 62 were non-disk shapes, further broken down as 26 bars, 8 sponges, 0 bricks, 8 truncations, and 20 unclassifiable blobs.
Examining the disk-shaped geobodies across the survey showed relatively flat geometry above a regional unconformity, and somewhat dipping geometry (resembling bars in places) below it. The blob-shaped geobodies were mostly found dipping, below the unconformity, suggesting they may warrant further analysis to properly classify their shape. The bar-shaped geobodies, largely located above the unconformity, ran in directions that appeared suspiciously aligned with (or perpendicular to) the survey's acquisition line orientation; closer inspection identified some of these bar-shaped features as likely acquisition footprint artifacts rather than true geology, a reminder that not every geobody produced by this process is necessarily geologic. The truncated geobodies (too large to characterize fully, since they extend beyond the survey boundary) were found both above and below the unconformity, and in this dataset touched only the sides of the survey, not its top or bottom (time zero or below 2.5 seconds).
Summary
This session covered how a geobody can be spatially characterized, including determining its maximum-area plane length and area, its overall volume, and the volume of its bounding box, all of which together determine which shape category a given geobody falls into. It also discussed how different geobody shapes can provide additional information about a reservoir, and how shape classification can help identify which geobodies are not useful for further analysis; for example, truncated geobodies are too large (extending beyond the survey boundary) to be meaningfully characterized and are therefore excluded from further shape-based analysis.
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