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PURPOSE 

Date: June 4, 198.5 
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430 

To explore the potential of using Ground-Penetrating Kadar (GPR) to detect 
the presence and measure the development of plow pans 1n a domiaa.at soil 
of Aroostook County. 

PARTICIPA!\TS 

Richard .Babcock, State Soil Scientist, SCS, Orono, ME 
Jcwes Doolittle, Soil Specialist (GPB.), SCS, Chester, PA 
Robert Joslin, Assistant State Soil Scientist, SCS, Orono, ME 
~onald Olson, Soil Scientist. SCS, Presque Isle, HE 
J&Gd!s Park., TechDician, Central Aroostook SWCD, Presque Isle, ME 
Bobert .&ourk.e, Senior Soil Sci~ntist., University of Maine, orono, ME 
Mike White, District Conservationist., SCS, Presque Isle, 1JE 

Egu1eent 

The equipment utilized daring this fielcl study was tbe SIR. System-8, the 
AD'?U Sft-800411 graph1.c recorder, and the ADTi.K l>T-6000 tape recorder. 
Although the 120 liliz antenna provided the best imagery, calibration trials 
were also conducted with the 80 and 300 Milz aatennaa. The equipment, 
completing J.ts first month of fie.14 tests, operated well with the excep
tion of tbe &O Mliz: antenna awl tbe high power, aod.el. 76SHP traB6111.tter. 
The 80 Milz antenna produced poor quality graphic images and appeared to be 
extremely depth reat.rieted. The JB.Giiel 765BP traumitter producecl high 
level& of backgrowid uoise which obscured the iWlgery of the desired sig
nals. lloth um.ts wei:e overhauled the follewing week by the manufacturer 
111 New Balapsbire. The 80Mliz anteDna had a bad resistor and separated 
Alltenna plates; tbe bJ.gh power, model 765BP transmitter was incoapatible 
with current aa.tenna configurat:iou ead waa replaced with a newly modified 
system. 

ACTIVITIES 

Test plots were selected prior to the arrival of the GR. Each plot· 
varied tu management. tr:eab.lents. Plots ha4 been pxepared with moldboard 
plow, offset dtac. chisel plow (Ctd.sted or straight. shanks), or left 
untillecl. Initial fi.eld U:lala wen colldacted at the Maine Agricultural 
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Experiment Station's teat plots, adjoining fielda, and neighboring farms 
on May 7 and 8. During this period, the equipme11t was calibratecl and 
antennas were selected. 

2 

Snow and inclement weather slowed field work on May 7 and 8. Multiple 
transects were conducted on Central Aroostook Soil and Water Coneenratiou 
Districts demonstration plots on May 9. During the morn1Dg of May 10, a 
f ioal review of the field work w.u conducted in the field off ice. All 
graphic profiles have been labeled allcl returned to Bob Joslin. 

DISCUSSIOli --
The GPil ie a broad bandwidth impulse radar system that has been apedfi
cally designed to penetrate eatthen aunrtala. Relatively high frequency, 
short duration pulses of energy are transmitted into the ground from a 
coupled antenu. When a pulse atrtkes an interfaee (boundary) separating 
layers of differing electromagnetic properties a portion of the pulse's 
energy 1e reflected back to the recdving antenna. 

Each tnterf ace reflects energy whieh 1s displayed as dark bands on graphic 
profiles. These bands, often appear:lng 1a groups of thJ:ee, an reflec
tions from a single interface between two lll&ter1ala. The aul.tiple bands 
are caused by osc:illat:iou 1n the reflection of the pulse. Tb.is oscilla
tion or banding limits the ability of the QPR to distillquish (to display) 
closely spaced interfaces. AccorcU.ngly, it was considered improbable that 
the GPR could define a featare, such as the plow pan, that waa near and 

·closely paralleled. the ground surface. 

·Str~ reflections fioom the ground surface are superimposed upon and 
obscure -tlle initial refleet1ona of the .plow _pan. ·· ·· Wheu reflec.tion• fl:om 
two interfaces are superpoaitioned. -tile raultlng image is a compoatte of 
the additive or subtractive·in~erferenee patterns. Ia the enclosed 
figure, the diatine1: •whiteout" sone tnnnecliately below the strong images 
of the ground aurf ace 1a caused by aignal interference and cancellation. 

It 1• believed that the plow pan ts not completely obscured by the stroag 
eurface reflect1oas. The lowermost band caused by oacillations in the 
reflection from the plov pan ia believed to be expressed immediately below 
the •whiteout• aone. If tllis assumption ia crue, aignature and inteneity 
(lightness or darkness) of tide band can be used to measure the expresaion 
or development of the plow pan. 

The gl'OUDd-penetratiag radar hae not been used extensively to investigate 
plow pans. Observations made in Alabama and Florida on the radar's poten
tial application to traffic: pan or plow.pan studies are incoa.cluaive. 
Unfortunately, the GPk baa been accepted by most manufacturers and . 
researchers as being a rela~Yely poor tool for J.aveetigating surf ace and 
near surf ace features of soils. Although the G'PR has been used success
fully to locate shallow, buried artifacts euch as util.it7 lines, caw.es, 
and fouadat1oraa; these features, unlike plow pans, ofteu represent 
strongly concraating reflectors of eJ.ectromagnetie energy and are more 
clearly expresaed on most graphic profiles. 



Ronald E. Hendricks 3 

During the first day of field experimentation with the GPil, no consistent 
pattern of plow pan expression was observed. Following antenna selection 
and optimaliaation of range, gain, and filtration settings on the control 
unit, results improved. Several experiments were conducted with the GPR 
to c:.onf irm the imagery of the plow pas. These experiments included run
ning radar traverses over buried reflectors (metal pipe& or shovel 
blades) , pi ts exhumed to or through the pl~ pan, and filled pt ts. 

lt was concluded from these experiments that the GPR. provides a ueasurable 
im4ge repreeenting either a single near-surface feature, the plow pan, or 
a composite of surface and near-surface featurea. Differences J.n the 
expression of this ituage are evident on graphic profiles and appear to 
couf orm with and be d1stillguished by applied methods of cultivation (see 
enclosed figure). . Tb.ta observation is the most intri.,"lllng and points to 
the need for further studies. 

The use of the GPR to d.eteet ttle presence and measure the expression of 
plow pens requires futtber research end applications. If the banded image 
is the plow paa, the intensity of expression is dependenc upon the abso
lute and. relative degree of compacti.ou, the 1110iature state of the upper 
part of the soil profile. and recent: 11aaagement practices. Assumptions 
will have to be made concerning the uniformity of surface and near surface 
soil eond.iticms. In order to more ful.ly appraise the graphic profiles. 
ground-truth sampling must be carried out in conjuncture w1tb GPB. opera-
tions.. · · 

:Bob .Joslin proposed that the graphic prof ilea be grouped and compared 
accoriing to both landscape position and ianagement practices. Hopefully, 
his diacerning .ye will catch some meaningful patterns of variation. I 
will research the possibility of using denstng slicing technique to group 
the subtle variations µi the profiles gray ecale. Hopefully, with more 
ground-truth information we can relate the 1ate1l&ity (lighblesa or dark
ness) of the p-apbic ima~ery uith pan development. 

My sincerest appreciattoc is extended to the participants for their 
ent.buaiasm and cooperation in the field. 

J'at:Jes A. Doolittle 
Soil Specialist (GPR) 

Enclosure 

CCI 

A. Holland 
F. Miller 
a.. Babcock 
R. Rourke 

JADoolittle/kmg 
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GRAPHIC PROFILE FROM A CULTIVATED AREA OF CARIBOU SOIL 

FINE-LOAMY,MIXED,FRIGID TYPIC HAPLORTHODS 


