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Abstract: 

The massive volumes of seismic data being collected today ha created a need to improve 
our interpretation tools. We have designed a new set of interpretation tools and procedures 
which have the potential to meet this need. The design is named lIDVV (Horizon Detection 
- Volume Visualization). In this paper we will pecify the reasons we feel there is a need 
for improving interactive interpretation tools, and tben present the basic concepts behind the 
design of a system that bas the potential to set the standard for the next generation of 
interactive seismic intei·pretation systems. 

There is a tremendous increase in the acquisition of 3-D seismic data. Not only are more 
areas being studied with 3-D data, but the surveys are getting larger. A major oil company 
bas shot the entire deep water Gulf of Mexico with 3-D seismic data. They are presently 
reshooting much of the area covered by their initial surveys. One of the large national oil 
companies bas initiated a process they call "just in time exploration," where they will collect 
a 3-D survey over specific major fields every six months, with the intention of monitoring 
fluid movement, optimizing production, and automating hydrocarbon transportation from 
the well to the distribution terminal. We estimate that these activities will result in an order 
of magnitude increase in the amount of seismic data that needs to be interpreted. In 
addition to all of this data, it is a fact that interpretations need to be completed in the same 
length of time much smaller sized surveys were interpreted in before, and in many cases the 
interpretation needs to be accomplished with fewer interpreters. 

Recent new developments in com_puter technologies are making the promise of interactive 
3-D interpretation viable (Nelson, et al, 1980). One of the key developments is that 
computer memory is becoming much cheaper. The importance of this is recognized by 
studying computer latency, or that time between starting to look for a piece of data in 
memory and when the data element can be manipulated. Between 1982 and 1990 memory 
access speeds remained at about 0.1 micro-second per byte, disk latency per element was at 
0.1 seconds per sample or 100,000 seconds (27 hours) per MB, and the relative price 
performance of compute power increased by a factor of 100. Increases in the automatic 
picking of seismic data by a factor of 100 in going from ZAP (the Zoned-Auto-Picker) to 
Turbo-ZAP were largely d□e to moving more data into memory rather than to the increases 
in compute power. Following thi trend, by 1995 we anticipate high-definition television 
(HDTV) will be introduced. Each television will require at least 1 GB of memory (15 
seconds of television). This will bring an economic revolution that will further drive down 
computer memory prices. To put this in perspective, in 1985 1 GB of memory cost 
$1,000,000 and the memory was non-volatile (you could not turn off the computer without 
loosing data in memory), yet by 1997 1 GB of memory will cost $1,000 and it will be 
volatile (Nelson and Warner, 1991). This reduction in memory cost is directly related to 
the present capability of being able to upgrade a scientific workstation to full color graphics 
for a few thousand dollars. In addition, remember HDTV is a erial application, vs 
working with a volume of data like we do in interpreting a 3-D seismic survey. 

A process like 3-D seismic interpretation has been described as being interactive when you 
can remember the question once you get to an answer. Yet the interpretation of 3-D seismic 
surveys typically takes several weeks or months (Nelson, 1982). The HDVV design is 
intended to help make this process more interactive. The design is based on a concept of 
developing key GEMs (Geoscience Elemental Modules). Each GEM is optimized for 
accomplishing a specific function and is connected to other GEMs via a network protocol 
known as the Pointing Dispatcher (PD). The plan is that these GEMs will share data with 
existing interactive interpretation systems. 

The HDVV interpretation process is planned to start with easy to use tools for loading 3-D 



seismic surveys from standard digital seismic formats. As part of the data loading, the 
data can be formatted for rapid horizon tracking with a pattern discrimination filter. It is 
envisioned that these filters will emphasize reflection peaks, troughs, zero-crossings, as 
well as geologic factors like stratal continuity and reflection configuration (Simson and 
Nel~on, 1984). Pattern discrimination filters need not be applied just at data loading, but 
can be used to provide alternative horizon tracking. The seismic is displayed with cultural 
files, well data, horizons, and fault interpretations that are made a ing standard interactive 
interpretation systems. Fault planes (Nelson and Hildebrand, 1986) act as boundaries for 
horizon tracking. Tools are planned for tracking horizons in overtbrust sheets (O'Brien, 
Mastoras and Nelson, 1988), as well as for extracting amplitudes along and parallel to fault 
planes in order to study trapping associated with growth faults (Nick and Nelson, 1987). 

\ 

The seismic displays are planned to include the ability to display variably spaced grids in 
cross-section (Nelson, Hildebrand and Mouton, 1984) and volumetric displays (Harris and 
Nelson, 1980) using color computer graphics (Massell, Winningham and Nelson, 1981). 
A 3-D aperture is planned to allow movement through the seismic data volume and to assist 
in the identification of standard geologic form. The run-time interpretation process is the 
horizon detection GEM. This GEM design has recursive algorithms, as well as the 
flexibility for allowing user implemented tracking algorithms. Rapid interpretation is 
expedited by reflection and stratal continuity (Macurda and Nelson, 1988). Test results of 
tracking algorithms that follow geologic trends, like shattered geologic sheets in a mature 
basin, or expanding section against a lystric fault in a passive margin will be presented. 

Equally, if not more important than interactive interpretation is the design of flexible 
volumetric horizon editing tools. Planned editing tools include image processing features 
like edge detection (Denham and Nelson, 1986), as well as pseudo sun filters and pattern 
matching heuristics. It is intended that the tracked horizons can be manipulated with 
standard mathematical and logical operations, and that these operations can be strung 
together as a horizon spreadsheet. These horizons and tbe data they are derived from are 
planned to be displayed in standard 2-D views, as maps, time-slices and cross-sections. In 
addition, the design includes a full functionality cube that allows study of the visual 
relationship of all of the different data types that are used by geologists, geophysicists and 
engineers (Anderson, Cathles and Nelson, 1991). This part of the design is the volume 
visualization GEM. Hypermedia technology (Nelson, et al, 1991) is planned to be tied into 
the interpretation process so that the interpreter can make notes, capture drawings or 
graphics, and tie them to a particular part of the interpretation. 

These tools have the potential to provide the integration of geoscience disciplines, as well 
as oil and gas exploration and production processes. An activity is integrated when we 
have all of the expertise, tools and data necessary available to help us ask the questions that 
lead to answers which can be validated scientifically. For instance, is there fluid movement 
in basins which can result in reserves that replenish during man's lifetime and not just over 
geologic time (Anderson and Nelson, 1991). In our industry the concepts are validated by 
the well bore. Volume visualization is key to optimizing the potential success of that well 
bore, not only the display of horizons in 3-D (Nelson, 1974), but also display of the raw 
data that those horizons were derived from. It is anticipated that interpretations will be 
greatly enhanced when the data derived from horizons (attributes like seismic amplitude) 
and other affiliated data (like geopressure and temperature) are simultaneously displayed to 
show relative spatial relationships. 
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