























Figure A11. Contributing areas for larval sites near Gardner Swamp
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Appendix B: Geophysical Survey

Door County Hine’s Emerald Dragon Fly Geophysics Surveys

David Hart — Wisconsin Geological and Natural History Survey
May 24, 2007

Ground Penetrating Radar (GPR)

GPR makes use of electromagnetic pulses that are sent into the ground and waits for
responses that arrive in the form of reflected signals. A reflection occurs when the wave
crosses a change in dielectric properties such as those found at the water table, bedrock
surface, voids or different soil or rock layers. In this study, we sought to identify the
bedrock surface. The limitation of this methodology is that the depth of penetration of
the electromagnetic wave is controlled by the presence of highly conductive soils (e.g.,
saturated clays) that absorbs the energy and prevents the generation of reflection signals.
Identifying a reflection and correlating it to a surface, such as the bedrock, may also be
difficult. There were no good geologic controls available such as borings along the
surveys lines and so the results should be verified by drilling if more certainty is required.

For this study, the data were collected using a GSSI SIR-3000 radar system with an 80
MHz antennae towed by hand and behind a pickup (Figure 1). This system gave a depth
of penetration of around 30 feet, depending on the sediments and underlying bedrock.
We collected data along three transects on Grove, Old Lime Kiln and Pioneer Roads as
shown in Figure 2. The data for the three transects were post-processed by applying an
automatic gain and distance and elevation corrections (rubberbanding). The reflections
interpreted to correspond to the bedrock surface were marked on the three transects with
dark lines. That reflection varies in depth from near 0 to over 20 feet in depth. If those
reflections accurately represent the bedrock surface, there is significant variation in the
depth to bedrock in the study area. A possible correlation between the deep reflection
(possibly bedrock surface) and forest cover has been delineated by the lines between the
GPR transects and the air photos for reflection “valleys” on Pioneer and Grove Roads.

Figure 1. Photos of the antenna and radar systems.
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Figure 2. Ground-penetrating radar transects.
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Figure 2. Ground-penetrating radar transects. 


Electromagnetic Survey

We also conducted an electromagnetic survey to corroborate the results of the GPR
survey. The electromagnetic method induces a current in the ground with a transmitter
coil and senses the induced currents with a receiver coil. If the subsurface is a good
conductor of electricity, then the induced current is larger and gives a larger signal to the
receiver coil. A poor conductor gives a smaller signal to the receiver coil. Saturated soils
sands and gravels are good conductors of electricity through the water in their pores.
Clays are also very good conductors. Dolomite has few well-connected pores and so is
not a good conductor. We made use of this difference of electrical conductivity between
the sediment and the dolomite bedrock to provide an independent check on the depth to
bedrock predicted by the GPR surveys.

We used an EM-31 conductance meter and recorded the conductance along the Old Lime
Kiln Road transect. The EM-31 meter senses and averages the conductivities of all the
materials beneath it to a depth of around 20 feet. If there is mostly bedrock beneath the
EM-31, then the conductivity will be low, if there is mostly sediment, then the
conductivity will be higher. A mix of 10 feet of sediment over bedrock will give an
intermediate value. Figure 3 is a plot of the EM-31 measured conductivities along the
Old Lime Kiln Road transect. Below that EM-31 plot is the GPR transect for
comparison. In general, the agreement is quite good. At around 1000 feet on the
transect, the conductivity increases, suggesting a greater depth to bedrock. At the same
point, the GPR reflection also decreases to a depth slightly more than 20 feet, also
suggesting a greater depth to bedrock. Both the EM-31conductivity and GPR reflection
then show a more gradual increase along the transect. The correlation between the EM-
31 conductivities and the GPR reflection are not exactly one-to-one because the EM-31
does not linearly average the subsurface conductivities but is most sensitive to the
material approximately 1.5 meters below the ground surface.
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EM-31 Conductivity Results
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Ground Penetrating Radar Results
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Figure 3. EM-31 conductivity and GPR compared on Old Lime Kiln Road. Both length
scales are the same.

Geophysics Conclusions

Ground penetrating radar surveys were conducted on three East-West transects
county roads, Pioneer, Old Lime Kiln, and Grove roads. The approximate lengths of the
transects were 3000 feet. An electromagnetic survey was conducted along Old Lime Kiln
road. The results of that survey support the conclusions of the GPR survey. These
surveys all suggest that the depth to bedrock varies along these transects from near 0 to
more than 20 feet with sediment filled bedrock valleys. If this conclusion will drive some
further investigation or action, we recommend confirmation of the interpreted depths to
bedrock by drilling or Geoprobe surveying in selected locations.
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