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PURPOSE

TOo use GPR technique to investigate the variability of selected soil
features including: (1) thickaess of loamy sediments overlying sands and
gravele, (2} depth to till underliying glacial cutwash, and (3) depth to
limestone bedrack.
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IPMBUT

The equipment used duyring tbhis field trip was the SIR System~8 with the
ADTEX SR-~80C4H graphic recorder and the Model 20 microprocessor. The 80,
120, and 308 MH; antennas were field tested under differeat soil
conditions. The 8§0 and 120 N#; antennas produced the most aatisfactory
results. The 120 MH; with the model 705 DA2 traasceiver provided
slightly better balance of resclution and probing depth. However, rates
of signal attenuvation are high in the examined soils, and the
nicroprocessor was required with both antennas to amplified weaker,
subsurface signals and to rewmove unwanted background noise.

DIBCUSSIOR
The traditional method of obtaining soil data is very slow, labor
intense, and results in post-hole observations of a three dimensional

medium. Inferences must be made comcerning the maiformity of soil
conditions or features between observation sites. These inferences are
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eften inaccourate and can lead Lo interpretation srrors. The continuous
subsurface profiling of the GPR can help to £fiil in the large gape which
wxists in ocur field data ané provide a better understanding of the micro-
variability of soii features or conditions.

The GPR was used in Jowa to atudy the variapility in the thickness of
loamy sediments overiying sands and gravel. In Iowa, two depth phases
{24 to 31 inches and 32 to 40 inches to sand and gravel} are recogniszed
ia mapping Wapaie soils (goarse-loasy over sand or sandy-skeletal, mixed,
mesic Mollic Hapludalfa). A graphic profile showing the variability im
the thickness of iocamy sediments was desited for purposes of soil
correlation. The objectives of this study were: (1) to evaluate the
effectivensea of GPR for charting the depth to sand and gravel, and (2)
to provide a graphic profiie of subsurface conditions.

The study actea was located in an area along a stream terrace within
Chickasaw County. Tvwo transects {(each 1,000 feet long with i0 equally
spaced observation points) were completed in the atudy ares.

The GPR vas effective and provided clear and interpretable graphic
profiles of the Wapsie aciis. The depth to sand and gravel wvas easily
traced and scaled on the graphic profiles. On the graphic profiles,
layers of sand and gravel appear to be stratified and composed of
muitiple, short ssgments.

While the number of obsstvations are too limited for characteriszation eof
the Wapsie s0ils within the survay area, statements can e made
concerning the study area. The average depth to send and gravel is 21.6
inches. Depths ranged {(see Table 1) from 16.1 to 29.D inches. 1In 30
percent of the observation sites, the depth to sand and gravel is less
than 20 iaches and iz outside the range of the Wapsie sexies. These
arsas are treated as inclusions of similar soils.

The values for the depth to sand and gravel are not sorsally distributed
{sae Figures 1 and 1). Hovever, certain statements can be made
concerning this distribution. The median depth to sand and gravel is
21.35 inches, and is nearly ideatical to the mean (21.6 inches). The
lower quartile iz 16,8, the upper Quartile is 24, and the intergquartile
interval is 5.2 iaches. OUne-half of the observations occur betvwesn the
depths of 18.8 and 34,0 inches,

Ia upland areas of glacial outwash, questions often arise as to the depth
of the underlying till. Often, coarse iragments within the ocutwash
reatrict the penetratiocn of mechanical probes or augers, and obstructs
our efforts to define the depth to till., The second application of the
GPR in Iowa was to determine the depth tec till beneath giacial outwash.

At the selected sites within Chickasaw County, depth to till was believed
to e variable Deneath Wapsie soils but it oould not be verified with
conventional surveying toola. Coarse fragments, which range from 20 to
50 percent in some¢ strata, thwarted efforts to obtain grouad-truth data.
To obtain ground-truth data, three auger holes wsre hored over a span of
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approximately 1.5 hours. However, the till was never contacted or probed
with the augers. Each auger hole was stopped between depths of 3 to 5
feet by corrse fragments.

Iwo transects were completed with the GPR using both the 30 and 120 M,
antennas vwith microprocesser. Both antensas provided good ¢graphic images
of the Wapsie soils and the underlying tili. One traasect was divided
into two transects (transects A and B in Table 2) because of its
exceptionally long leagth and for statistical purposes. Bach transect
has 16 referenced observation sites.

A depth ascale was constructed for the graphic profile based on tabled
values for the rate of propagation through predominantly coarse textured,
upland soils. This scAle and the resulting data must be viewed, in the
absence of adequate ground-truth data, as only a close approximation of
the actual values.

The number of observations are toc sasall to make a detailed assessment of
the variability of depth to till beneath upland area of Wapsie in
Chickasaw County. HRowever, within the study areas the average depth to
till is 11.46 feat. The median depth to till is alev l11.46 feet. The
distributien appears to be bimodal. This is undoubtedly a consequence of
the limited number of observations that was included in this study. The
lower guartile is 9.8 feet, the upper quartile is 12,83 feet, and the
intergquartile range ia 3.05 feet. One-half of the recorded cbservations
occurI between depths of 9.8 and 12.8%5 feet. The depth to till ranged
from 8.2 to 15.1 feet,

In many upland areas it is exceedingiy difficult to axamine soil profiles
and to determine the depth to bedrock with traditional soil surveying
tools. Reck fragments limit the sffectiveasss of spades, augers, picks,
and mechanical probes. In areas of highly vaciable or irregular deptha
to bedrock, inferences made detween widaly spaced observation sites are,
at best, suspected of possibie errers. 7The coapositiomn of s0il map units
are often bamsed on insufficient and incomplete data, collected from a
limited number of widely spaced observation sites or inferred from the
landscape.

Several areas of Dubuque (fine-silty, mixed, mesic Typic dapludalfs),
Fayette (fine-silty, mixed, mesic Typic Hapludalfs), and Nordness (loamy,
mixed, mesic Lithic Hapiudalfs) soils were profiled with the GPA in
Ailamakes County. 1In these soiles, the GPR system iz exceesdingly depth
restricted. Depth of penetration was limited to the upper 1 meter of the
#oil profiles. Though deeper depths of penetration were achieved in somse
areas, consistent results were limited to 1 meter in alil areasn.

The GPR can bs used effectively in wany areas of shallow or moderately
deep 20ils to chart the depth to bedrock. However, in areas of deeper or
mote variable depths to bedrock the preasnt GPR aystem is ineffective.
Table 3 contains the results of a successful radar transect in an area of
Payette and Dubugue soils.
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The GPR Batisfied two of the three ohjectives of the lowa study. The
radar successfully charted the thickness of loamy sediments and the depth
to sand and gravel, and determined the depth te tili: beneath glacial
autwash, 7The radar was less sucecessful and adaptable 1n areas of
moderately-fine textured soils for badrock investigations.

All teocls have limitations. Ian two of the three studies, the GPR was
able te complimeat traditional surveyiny techaiques. 7The GPR was
efficiently and effectively applied to unaique surveying and correlation
problens. In Iowa, aa in much of the Midwesst, the most effective use of
the GMR wilil be as an investigation toul rather than as & gemeial
surveying or quality control teol (theugh these uses sheuld net be ruled
out in the coazrser textured soils).

The Iowa study has confirmed that tha GPR aystem can be used in soma
areas of the Ridwest for specific applications. BNowever, the Midwest is
aB ateas of generally lew potasatial for radar applications. The success
of future applications will depend upon cur understanding of the
linitations of the present GFR systems and our kaowledge of favorable
soii coaditions for the radar.

All graphic profiles bave bewn returned to Rom Kuehi under a separate
cover letter. Ny dsepest thanks for the opportumity to work in yeur
state and with members of your staff,

JAMES A. DOOLITTLE
Soil Specialist (GPR)

Saclomures
ecs
A. Holland

T. Shiflet, Directer, WMIC
R. Arnold, Nead of Boil Survey, MEG

JADoolittle/kme



TABLE 1

DEPTH TO SAND AND GRAVEL
WAPSIE SOIL

8 9 10 X 5

TRANSECT 1 2 3 4 5 6 1
A 24.0 23.2 18.0 18.8 24.0 16.1 20.2 25.5 19.5 24 21.3 3.19
B 17.2 20.0 26.0 29.0 20.0 21.7 23.2 21.8 21.0 18.8 21.9 3.5

DATA EXPRESSED IN INCHES
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TABLE 2

DEPTH TO TILL
WAPSIE SOIL

OBSERVATION SITES

TRANSECT 1 2 3 4 5 6 7 8 9 10 X 5
A 14.5 14.0 12.5 10.3 10.9 11.4 12.2 12.6 12,8 10.6 12.18 1.4
B 9.4 10.6 8.2 8.6 9.4 9.5 8.3 9.0 13.2 12.6 9.88 1.74
c 10.1 9.2 10.1 12.8 12.5 12.8 15.1 14.2 13.5 12.9 12.32 1.92

DATA EXPRESSED IN FEET
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TABLE 3

DEPTH TO BEDROCK
FAYETTE AND DUBUQUE SOILS

5 6 7 8 9 10

11

12

13

A

26

56

36

23

24 27 25 32 56 18

-x- = 3003; a = 1201

DATA EXPRESSED IN INCHES

23

26

23



