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Figure 6. Vertical data slice from the northern face
of the 3-D seismic reflection data volume.

A LARGE-SCALE APPLICA-
TION: THE DAKOTA STUDY
AND THE PSEUDO-
SEISMIC APPROACH

As near-surface ground water sources b e-
come more scarce, the Cretaceous Dakota
aquifer is becoming an important potential
source of ground water for western Kansas.
A study of the Dakota aquifer is underway
in order to develop a better assessment of
water-resource potential and planning
needs of the aquifer [4]. The Dakota aquifer
is composed of irregularly distributed
sandstones of the Dakota and Kiowa for-
mations and Cheyenne Sandstone. An un-
derstanding of the aquifer's lateral extent,
vertical thickness and overall capacity
across western Kansas is important for d e-
veloping well-spacing requirements and
sound resource management. The Dakota
aquifer study mainly involves using existing
well log information to achieve these goals.
Because the study encompasses a large
area (approx. 125,000 km?) and a large
number of wells, alternative methods of
macro- scale well log analysis were exa m-
ined and a method designated as pseudo-
seismic profiling was developed [5].

Figure 7. Horizontal data slice taken at 95 msec
from the 3D seismic reflection data volume. The re-
flection from the Salt Plains Formation is intersected
by this data slice.

Pseudo-seismic profiling

Stratigraphic interpretation from wireline
logs is typically drawn from multiple log
traces or from crossplots of log data. Both
techniques can readily depict vertical
changes in lithology or reservoir quality, but
lateral relationships are not easily visual-
ized. Significant improvement in the geo-
logic interpretation of wireline log data can
be achieved through color image transfo r-
mation and treatment of the transformed
data as "seismic" traces for the purposed of
processing, interpretation and display [6].
Such transforms can combine data from
porosity, gamma and density tools genera t-
ing a color coded "crossplot log" for each
well. A well-designed color transformation
of wireline log data from multiple wells
maximizes both spatial and compositional
information content and provides a readily
interpretable image of the subsurface geo |-
ogy. The transformed image, in either 2-D
or 3-D, can be treated as "seismic" data,
easing the data-handling burdens through
the use of computerized techniques de-
signed for interpretation of seismic data.

The pseudo-seismic approach to
stratigraphic interpretation is based on the
observation that wireline well logs resemble
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Figure 8. Perspective view of the selected reflector
horizons from the 3-D seismic data cube. The
ground roll was left in the display to illustrate the
difficulties it causes for near-surface 3-D seismic
data collection methods.

seismic traces in many respects. Both
seismic data and wireline log data are sim-
ple x-y series, one in the amplitude-time
domain and the other in the amplitude-
depth domain. Wireline well logging tools
record various rock properties and output
these data as a depth series. Ultimately,
the goal of seismic-style processing is to
approach on a trace-by-trace basis the
resolution of geophysical well logs.

A pseudo-seismic profile provides a simple
representation of Permian through Creta-
ceous rocks of western Kansas based
solely on gamma-ray logs (Figure 9). More
than 150 wells were converted to SEGY
format and loaded into the workstation as
seismic traces. Trace spacing was selected
to be approximately 1.6 km, and wells were
assigned to the nearest trace. Areas of
sparse well control are represented by
blank traces. The section can be inter-
preted and displayed using all the tools
available within the workstation environ-
ment. Using just rudimentary workstation
tools results in a startling increase in inter-
pretation speed. Using the zoom, datum,
and manual and auto-picking tools, the
profile was interpreted in a few hours. In-
terpretations were subject to continuous
verification by examination of the data set
as a whole. The display capabilities of
workstation-based interpretational software

increases the power of the visualization as
compared to traditional computer-assisted
wireline log cross-sections. Features such
as truncation of individual beds within the
Permian by the Cretaceous unconformity,
the effect of the dissolution of Permian salt
on localizing deposition of overlying Chey-
enne-Dakota fluvial sands, and normal
faulting on the western margin of the Ce n-
tral Kansas Uplift are readily apparent
(Figure 9). The zoom and datum capabil i-
ties of the workstation can be used to map
truncation, onlap and downlap of individual
"beds" within specific stratigraphic units. In
terms of vertical resolution, pseudo-seismic
data can surpass seismic data, as vertical
resolution is limited only by the resolution of
the logging tool and the digital data.

CONCLUSIONS

In order to improve site investigations, env i-
ronmental professionals need to consider
application of near-surface geophysical and
geologic methods coupled with the visuali-
zation and analysis power of computer
workstation-based interpretational systems.
Improved understanding of the subsurface
geology is an important consideration for
development of adequate sampling strate-
gies and the design of workable remedia-
tion systems.

Computer workstation-based interpret a-
tional software provides the tools to handle
mass quantities of data for improved site
characterization. Changes in computer
technologies have allowed integration of
once discrete professional skills and tec h-
nologies. Major computer technologies in-
clude near super computing capabilities on
interactive desktop workstations, complex
networking, high capacity mass storage
devices, 3-D visualization software, and
large digital databases. Engineers, geolo-
gists, geophysicists and other environ-
mental professionals will more likely meet
at a computer terminal than at a confer-
ence table and communicate over the net-
work rather than in formal meetings. Wor k-
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Figure 9. Structurally-datumed pseudo-seismic profile of gamma-ray logs showing the Dakota aquifer. Light gray
tones correspond to low gamma-ray values associated with sandstones, limestones and evaporites. Darker shades
correspond to high gamma-ray values from shales. This profile was constructed using gamma-ray logs from over

150 wells. (modified from [4])

stations can radically change the approach
to environmental geology by integrating
technology across disciplines (Figure 10).
Teams will become more common-place.
No longer can each discipline work on its
piece of the problem use a colored pencil to
put the results on a piece of paper or map,
pass the results along to the next discipline,
and be done with it. Large volumes of data
should be accessible to and used by all the
members of a team, permitting reiteration in
the constant process of site characteriz a-
tion, sample design, remediation and policy
development.

As illustrated above, near-surface geo-
physical methods are capable of imaging
the shallow subsurface and determining the
geometries of subsurface structures that
affect direction and rate contaminant flow.
Various two-dimensional profiles and three-
dimensional volumes of environmental-
oriented geophysical data along with ge o-
logic point data from wells can be brought
together for an integrated interpretation
within the computer workstation environ-
ment. The color display and post-stack
processing capabilities of the workstation

greatly enhance data interpretation, allo w-
ing small-scale to large-scale lateral near-
surface heterogeneities of the alluvium and
deeper bedrock structures to be succes s-
fully imaged and interpreted.

A copy of this paper along with color ver-
sions of the figures are available on the
Kansas Geological Survey's web site
(http://www.kgs.ukans.edu) on the Petro-
leum Research Section's recent publica-
tions page (http://crude1.kgs.ukans.edu
/cgi-bin/'wwwwais.pl).

ACKNOWLEDGMENT

Landmark Graphics Corporation provided
the interpretation and analysis software u n-
der an educational grant to the Kansas
Geological Survey and the University of
Kansas.

REFERENCES

1. R.W. Buddemeier, R.S. Sawind, D.O.
Whittemore and D.P. Young, Salt Con-
tamination of Ground Water in South-
Central Kansas, Kansas Geological

Proceedings of the 10th Annual Conference on Hazardous Waste Research 349




Environmental Geology
Technology Integration

£ Geophysical
; Imaging

Technology

"Workstations",

Engineering
Design

Figure 10. Integrated team approach to environ-
mental geology and the central role of computer
technology in technology integration.

Survey, Public Information Circular 2,
1995.

2. D. Young, G.H. Garneau, R.W. Bud-
demeier, D. Zehr and J. Lanterman,
Saltwater Elevation and Variability in
the Great Bend Prairie Aquifer, South-
Central Kansas, Kansas Geological
Survey Open-File Report 93-55, 1993.

3. R.W. Buddemeier, G. Garneau, J.S.
Healey, M.A. Sophocleous, D.O. Whit-
temore, D. Young and D. Zehr, The
Mineral Intrusion Project: Report of
Progress During the Fiscal Year 1993,
Kansas Geological Survey Open-File
Report 93-23, 1993.

4. P.A. Macfarlane, J.H. Doveton, H.R.
Feldman, J.J. Butler, Jr., J.M. Combes
and D.R. Collins, Aquifer/Aquitard Units
of the Dakota Aquifer System in Kan-
sas: Methods of Delineation and Sedi-
mentary Architecture Effects on Ground
Water Flow and Flow Properties, Jour-
nal of Sedimentary Research, B64
(1994) 464-480.

5. T.R. Carr, J. Hopkins, H. Feldman, A.
Feltz, J. Doveton and D. Collins,
Transforms of Wireline Logs as
Pseudo-Seismic Traces, UserNet

Technical Newsletter, Landmark
Graphic Corporation, Houston, TX,
1995.

D. Collins and J. Doveton, Color Im-
ages of Kansas Subsurface Geology
from Well Logs, Computers and Geo-
sciences, v. 12, 1986.

350 Proceedings of the 10th Annual Conference on Hazardous Waste Research



