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PURPOSE 
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430 

To explore the potential of using ground-penetrating radar (GPR) to 
monitor the depth to ground water and to characterize soil features 
within the Uintah Basin 

PARTICIPANTS 

Ken A4ams, Soil Scientist, SCS, Roosevelt, Utah 
Jim Doolittle, Soil Specialist (GPR), SCS, ImNTC, Chester, Pennsylvania 
Joe Downs, Soil Correlator, SCS, Salt lake City, Utah 
ilob Fish, Party Leader, SCS, Price, Utah 
Carol Franks, Soil Scientist, SCS, Tooele, Utah 
Garth Leishman, Party Leader, SCS, Roosevelt, Utah 
Harry Riehle, Agronomist, SCS, Salt lake City> Utah 
Ron Sornsen, M&I Team Leader,, SCS, Roosevelt, Utah 
Mon Yee, Soil Specialist, SCS, WNTC, Portland, Oregon 

EQUIPME1IT 

The radar unit is the SIR System-8. Components of the SIR System-8 
include the Model 4800 control unit, the ADTBK DT-6000 tape recorder, and 
the Model 8004H graphic recorder. The ADTEK DT-6000 Tape recorder 
operated erradicately and was not used. The SO and 120 MHz antennas were 
used interchangeably with the Models 705, 705DA, and 705DA2 
transceivers. Neither of the antennas worked well on the selected 
soils. However, the 120 MHz antenna with the 705DA traneeiver provided 
the best balance of probing depth and i11a.ge resolution. 
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DISCUSSION 

The purpose of this ir.vestigation waa to evaluate the ability of the GPR 
to chart and monitor the depth to water table in irrigated soils along 
the Duchesne River and to characterize soils within the Uintah Dasin. 
Prior to this investigation, tile ra1ar's performance had not be~u 
evaluated for Aridisols and calcareous soils. 
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Water tables have been charted tdth the CP!l in many areas of coarse 
textured soils in eastern United States. Generally, the radar. can 
discern only abrupt changes iu electrom.a~netic propertfies. In coarse 
textured soils, pores are relatively lar2e and many are essentially 
non-capillary. Consequently, the capillary frinae is abrupt, the 
reflection coefficient pronounced, and the resulting radar image strongly 
expressed on graphic profiles. As the texture becomes finer, the 
capillary fringe beeon1es increasingly raore gradual and imagas of ·the 
water table becomes more indistinct on ~rapbic profiles. 

Within the study area soils ranged from coarse-lo.."ll'lly to fine. Many soils 
were stratified ~.ntti layeTs rangin~ fron loamy sand to clay. 

As the number of subsurface intarfacen increase. it becomes increasingly 
more difficult to trace the image of a Yater table with a high degree of 
confidence. Multipla, closely $paced images are of ten superimposed arul 
sOllle ima3es are cancelled by this overlap. This problem is com.ti10n in 
3lluvial deposits an.1 was eo.coO.ntered in areas of Jt.1ddito ooib. 

The maximum. probing depth of the GPP. is determined by t•e conductivity of 
the earthen material. Soils having high electrical conductivities 
rapidly absorb the radiated ener'y and severely limit the radar's probing 
depth.. The electrical conductivity of soils increase with moisture, the 
concentration of dissolved salts in the soil solution, and the amount and 

·type of clays. 

Prior to this field study, and 't:ri.th the exception of eoils influenced by 
sea \fater, the conductivity of soils was believed to be, in ?!!Ost soils, 
principally deterained by clay type and amount. and moisture content. 
Expanding 2:1 lattice elays, having higher entchange capacities than 1:1 
lattice clays, exhibit higher electr:l.cal conductivities, and are more 
restrictive to the radar. Wet soils are more conductive to 
electromagnetic energy than dry soils. 

Electrical conductivity is an electrolytic process. The conductivity of 
a soil is proportional to the total number of ions in solution. It is 
known that the conductivity of distilled water can be :fcreased 
significantly with the addition of only a ars.all amount of salt. Though 
studies are inconclusive, soils are believed to have a greater buffering 
capacity than water. 

The soil~ of the Uintah Basin are very conductive to electromagnetic 
energy. As in many areas of Aridisols, expanding 2:1 lattice clays 
dominate. Rainfall within th~ irrigated areas of the Uintah Basin is low 
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and ranges from 6 to 10 inches. Calcium carbonates are enriched in these 
soils from waters draining from higher elevations or passing through 
Eocane sedimentary rocks, and f roa calcareous eolian deposits. 

Prior to this field study, the effects of calcium carbonates on the GPR 
had not been established. Evidently, carbonatea have s sigo.1ficant 
effect on not only the physical and che1Jdcal properties of soils, but 
also th.e electromagnetic properties. 

Within and closely adjacent to the irrigated azeaa of tl~; Uintah Bas!~, 
soils selected for this study were generally calcareous t'hroughout and 
belonged to the Calciorthids, Camlx>rthids, or Torriortbents great 
groups. Soils included Boudieh (fine-loamy over sandy or sandy-skeletal, 
mixed Pachic Haploborolls), Honlu (fine-loamy, mixed, utesic Ustollic 
Calciorthids), Jeddito (coarse-loamy, mix~d (calcareous), mesic l'ypic 
Torriorthents). Moenlr..op1e (loamy, •'>'1ixed (calcareous), mesic Lithic 
Torriorthents), Nakoy (coarse-loamy, mixed (calcareous), mesic Typic 
Calciorthids), and Stutzman (fine, moutmodllonitic (calcareous), meaic 
Typic Torriortbento). · 

RESULTS 

Results of this field study were discouc~ging in terms of an immedi~te 
application for the GPR.. SCS's state-of-the-arts impulse radar system 
does not work well and can not be used as a quality control tool in areas 
of saline or calcareous soils. The high electrical conductivities of 
calcareous and saline soils severely limits the radar's probing depth and 
the clarity of the graphic images, and filake this geophysical tool 
unsuitable for soil investigations. 

The results of this study are significant and will be re4,embered because 
of their implications to the use of GPR technology in the west. Few 
studies conducted during the last a:Lx-yeara have contributed more to our 
understanding of the limitations of th.e ~"PR system. 

In terms of depth of penetration and quality of graphic images, results 
were poor except at sites located at elevations above 6000 feet with an 
avera~e precipitation of more than 17 inches. Under t!1ase more humid 
conditions 9 salts are more effectively leached from the upper part of the 
soil profile and depths were attained as great as 15 feet in sooe areas 
and 4 to S feet in most arel'ls depending on the lithology of and deptb to 
bedrock.. 

At elevations of less than 6700 fee~ and with average precipitation of 
lP.ss than 14 inches, soils were generally calcareous antfprobings were 
restricted to depths of 0 to 2 feet. In areaa of saline or calcareous 
soils, the amount and type of salts rather than clay content was the 
limiting factors. Coarse or moderately-coarse textured soils (Jeddito) 
with conductivities of 6.9 mm/cm and 2~percent CaC03 are as limiting to 
the rs.dar as fine· textured soils (Stutzman) with conductivities of 8 to 
49 ·,!f!·A/cm anti with 1()-percent CaC03. Depths of 30 to 40 inches w-ere 
achieved in recently sub-irrigated areas of Jeddito soils having 
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conductivities of less than 0.6 mra/cm and less than 1-percent CaC03. The 
radar is very sensitive to slight accumulations of salts and carbonatos 
in soils. The GP& appears, to be ineffective in soils having 
conductivities of more than 1 to 2 r:nn/ca and with more than 1-percent 
CaC03 equivalent. Additional field test will be completed in Wyoming and 
North Dakota to better qualify these results. 

Anno~ated copies of the grapbic profiles have been returned to Joe Downs 
under a separate cover letter. 

I wish to thank you for this opportunity to e-xplore the use of GPR 
technology in Utah. While disappointing, these results will be vital to 
the future applications and development of ground-penetrating radar 
methods within SCS. I wish to extend a special thanks to your staff and 
especially Joe Downs for his spirited direction of this study, and Garth 
Leishman for his thorough preparation for this field investigation. 

With kind regards. 

JAMES A. DOOLITTLE 
Soil Specialist (GPa) 

cc: 
A. Holland, Director, llENTC, Chester, PA 
G. Bluhm, Director, WNTC, Portland OR 
R. Arnold, Director of Soils, NllQ, Washington, D.C. 
K. Langlois, Bead of Soil Staff, N.EftC, Chester, PA 
F. Allgood, State Soil Scientist, Salt Lake City, Utah 


