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DETECTION OF POTENTIAL INUNDATION HAZARDS
BY OVERWATER SEISMIC METHODS

By John J. Miller, Robert A. Speirer, M. W. Lee, and A. H. Balch

ABSTRACT

A reflection and refraction survey was conducted jointly by the Bureau
of Mines and the U.S. Geological Survey on Rend Lake, Illinois, in
November-December 1980 using a small boat (R/V Neecho), a 12-channel digital
recording system, and seismic sources of air and water guns. The purpose
was to map mined vs. unmined areas of coal measures underlying the lake and
to determine whether known faults in the mines extended to the surface.

A smooth field-testing operation was achieved by coordinating field
operation with the processing center using telecopy machines to transmit
plots over voice-grade phone lines.

The nature of the bottom of Rend Lake was such that it acted as a wave
guide and reverberative mechanism so that water-bottom multiples obscured
all reflections from depth. This phenomenon was proved by an extensive
model study that developed multiple-removal programs that, when applied to
the data, removed all reverberative energy. Unfortunately, no primary
reflections remained after this processing. The shallow-water waveguide may
be caused by a thin layer of gassy lake sediments (0-3 ft) overlying 10 to
60 ft of weathered Pleistocene glacial deposits which in turn overly the
hard Paleozoic sedimentary bedrock. This reverberative mechanism could not
have been predicted without additional field recording and data-processing
experimentation. Such was impossible due to time and weather constraints.
The information learned from this survey provides insight into future
methods of solving this problem.
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INTRODUCTION

Geologic discontinuities (specifically faults), buried sand channels,
and clay zones are potentially hagzardous to underlying coal mines as they
provide zones of weakness to channel surface water into the workings. .

A cooperative research effort to explore the feasibility of developing a
high~resolution seismic technique capable of detecting geologic
discontinuities from a research vessel on-a body of water overlying coal
measures was undertaken in 1980 through 1982. The two agencies involved
with this work are the U.S. Bureau of Mines (USBM) and the U.S. Geological
Survey (USGS),-each contributing professional expertise and funds for the
project under USGS/USBM Working Fund Agreement No. H0242033.

The research site selected for this study was Rend Lake, a man-made
reservoir in south-central Illinois, which overlies working coal mines (fig.
1). A major fault system, the Rend Lake Fault, intersects and passes
through the western arm of the reservoir in a N-S direction (fig. 2).
Several mining companies are currently extracting coal from developments
directly underlying the reservoir. They have mapped the fault system at
locations where the workings have intersected the fault, but have no
technique to map it remotely and in advance of mining. A recent report by
Keys and Nelson (1980) shows the fault system at several underground
locations and thus, its trend (fig. 2). Obviously, a technique to more
completely delineate this hazardous feature would be of great benefit to the
mining companies working in this area and the mining industry in gemeral.

The primary objective of this research effort was directed at developing
a high-resolution, overwater seismic technique that could delineate the
fault system at Rend Lake from a research surface vessel. Knowledge of the
fault location could thus be extended to fill in the gaps between the fault
zone areas that have been mapped by the coal companies' personnel. This
research is unique because very little work has been conducted over inland
bodies of water utilizing high-resolution geophysical techniques for
geologic hazard detection that impact on underground mining operations.

The Bureau of Mines (PreMining Hazards Group, Denver Research Center)
provided the geologic input, and the Geological Survey (Branch of
Atlantic-Gulf of Mexico Marine Geology and Branch of 0il and Gas Resources)
provided geophysical expertise. Both parties were involved with the data
acquisition which took place in late November and early December 1980. The
USGS (Branch of 0il and Gas Resources) has computer processed all of the
seismic data for presentation in this report.

The field personnel credited for acquiring the marine seismic data at
. the Rend Lake site are Messrs. Al Balch, principle investigator and coauthor
(UsGS); John Grow, chief scientist (USGS); Rusty Tirey, geophysicst (USGS);
John Miller, geophysicist and coauthor (Us@s); Frank Jennings, electronics
technician (USGS); Dave Nichols, physical science technician (USGS); Paul
Laud, boat pilot (USGS); Tom O'Brien, electronics specialist (Woods Hole
Oceanographic Institute); and Robert A. Speirer, geologist, technical
project officer and coauthor (USBM).

BACKGROUND AND JUSTIFICATION
Two previous Bureau of Mines contracts reported on the curreant industry
practice of mining under bodies of water. Both contractors concluded with
suggested guidelines which were empirically derived. Each indicated that no
complete methodology has been universally accepted. This is partly
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Rend Lake map showing approximate location in the State of

Illinois.

(From Visitor's Guide Map.)

























































































































