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UlfITBD STA'!BS DBPAM'MDT OP AGRICULTURE 
SOIL COISIRVUIOI SIBYICI 

Rorth-•t ITC 
C!UITI!, PA 19013 

Subject: Ground-Penetrating Radar - Date: 21 October 1994 
Soil Investigations; Clinton County, Pennsylvania 
October 18 and 19 1994 

To: Richard N. Duncan 
State Conservationist 
USDA-Soil Conservation Service 
Harrisburg, PA 

Purpo•e: 
To assess the depth to bedrock in areas Dekalb soils using ground
penetrating radar (GPR) techniques. 

Participant•s 
Tim Craul, Soil Scientist, SCS, University Park, PA 
Jim Doolittle, Soil Specialist, scs, Chester, PA 
Jake Eckenrode, Soil Scientist, scs, Mill Hall, PA 
John Stiteler, Graduate Student, PSU, University Park, PA 

Activitiaes 
Bedrock investigations were conducted in upland areas of Clinton 
county on 18 and 19 October, 1994. 

lquipmants 
The ground-penetrating radar used in this study is the Subsurface 
Interface Radar (SIR) System-8 manufactured by Geophysical Survey 
systems, Inc. Components of the SIR system-a used in this study ware 
the model 4800 control unit, ADTEK SR 80048 graphic recorder, power 
distribution unit, transmission cable (8 m), and the model 3110 (120 
mHz) antenna. The system was powered by a 12-volt battery. 

Di•cuaaions 
Calibration trials were completed over a buried culvert to determine 
the velocity of signal propagation through the soils, depth scale for 
radar profiles, and the depth of observation. The culvert was buried 
at a depth of about 14 inches. Based on this depth, the calculated 
velocity of propagation was 0.126 feet/nanoseconds (ns). With a 
scanning time of 100 ns, the maximum observation depth for this 
investigation was 12.6 feet. 

Transects were conducted along dirt roads on upland areas southwest of 
Whetham in west-central Clinton County. A total of 19.3 miles of 
continuous data were collected with GPR in two days of field work. 
The vehicles odometer was used to measure distances. Reference marks 
were impressed on radar profiles at 0.1 mile intervals. This 
procedure provided 193 observation points. Although GPR provides a 
continuous record of subsurface conditions, estimates of the depth to 
bedrock were restricted to these observation points. 

Areas of Cookport (fine-loamy, mixed, mesic Aquic Pragiudults), Dekalb 
(loamy-skeletal, mixed, mesic Typic Dystrochrepts), Hartsell• (now an 
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Alabama series: fine-loamy, siliceous, thermic 'l'ypic Hapludulta), 
Leetonia (sandy-skeletal, siliceous, meaic Entic Baplorthods), and 
Ungers (fine-~Qamy, mixed, mesic Typic Hapludults) soils were 
traversed. These moderately-deep to deep soils formed on upland areas 
underlain by sandstone. The following map units were transacted with 
GPR: 

CoB - Cookport loam, 3 to 8 percent slopes 
CpB - Cookport very stony loam, O to 8 percent slopes 
DaB - Dekalb channery loam, O to 3 percent slopes 
DkB - Dekalb very stony soils, o to 8 percent slopes 
DkC - Dekalb very stony soils, 8 to 25 percent slopes 
DkE - Dekalb very stony soils, 25 to 100 percent slopes 
HsB - Bartsells very stony loam, O to 8 percent slopes 
LnC - Leetonia very stony sandy loam, 8 to 25 percent slopes 
UnB - Ungers loam, 3 to 8 percent slopes 

The data appearing in Tables 1 and 2 are the interpreted depths to 
bedrock along the 19.3 miles of roadways transected with GPR. In many 
upland areas, it is difficult to excavate and examine soil profiles 
and determine depths to bedrock. Rock fragments and irregular or 
weathered bedrock boundaries limit the effectiveness of conventional 
probing techniques. Ground-penetrating radar can extend the depth of 
observation and improve the quality of soil information at lower 
depths. The data collected with GPR in Clinton county can help 
improve both soil correlation and interpretations of soil map units. 

All radar profiles have been returned to Jake Eckenrode for further 
analysis under a separate cover letter. It was a pleasure to work 
with members of your fine staff. 

~ith ki~d rag ds. 

~' James A. Dool ttle 
Soii Specialist 

cc: 
J. Culver, Assistant Director, NSSC, scs, Lincoln, 
J. Eckenrode, Soil Scientist, scs, 2 Star Route 150, Mill Ball, PA 

17751-1652 
c. Holzhey, Assistant Director, NSSC, scs, Lincoln, NE 
E. White, Assistant State Soil Scientist, scs, Suite 340, One Credit 

Union Place, Harrisburg, PA 17110-2993 
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Table 1 

.9PR Tran•ect completed on 18 October 199' 
Distance Depth Di•tanoe Depth 

(JdJ.••l ';l.ns;:l1l 11.u:. 'lliJ.nl (inglJ) 11.11. 
0 46 DkE 7.1 39 CoB 

0.1 28 DlcE 7.2 43 DkB 
0.2 115 DkE 7.3 68 DkB 
0.3 >151 DkE 7.4 125 DkB 
0.4 27 DkE 7.5 95 DkB 
0.5 109 DkE 7.6 91 DkB 
0.6 92 DkE 7.7 84 DkB 
0.7 59 DkE 7.8 84 DkB 
0.8 58 DkE 7.9 56 DkB 
0.9 47 DkE 8 92 DkC 

1 28 DkE 8.1 29 DkC 
1.1 64 DkE 8.2 58 D.kE 
1.2 66 DkE 8.3 67 DaB 
1.3 30 DkE 8.4 41 DaB 
1.4 22 DkE 8.5 45 DaB 
1.5 41 DkE 8.6 63 DaB 
1.6 60 DkE 8.7 62 DaB 
1.7 51 DkE 8.8 67 DaB 
1.8 38 DkE 8.9 101 DaB 
1.9 73 DkE 9 96 DaB 

2 29 DkE 9.1 >151 DaB 
2.1 >151 DkC 9.2 46 DaB 
2.2 105 DkC 9.3 105 DkB 
2.3 104 DkE 9.4 >151 DkB 
2.4 134 DkE 9.5 76 DkB 
2.5 >151 DkE 9.6 78 DkB 
2.6 60 DkC 9.7 96 DkB 
2.7 48 DkC 9.8 57 DkB 
2.8 >151 DkC 9.9 50 DkB 
2.9 58 DkC 10 81 DkB 

3 59 DkC 10.1 55 DkB 
3.1 94 DkC 10.2 105 DkB 
3.2 50 DkC 10.3 86 DkB 
3.3 90 DkC 10.4 53 DkB 
3.4 73 DkC 10.5 41 DkC 
3.5 112 DkC 10.6 104 DkC 
3.6 125 DkC 10.7 78 DkC 
3.7 48 DkC 10.8 118 DkC 
3.8 52 DkE 10.9 71 DkE 
3.9 121 DkE 11 50 UnB 

4 95 DkE 11.1 99 UnB 
4.1 >151 DkC 11.2 56 bnB 
4.2 47 DkC 11.3 69 UnB 
4.3 56 DkC 11.4 22 UnB 
4.4 106 DkC 11.5 34 UnB 
4.5 64 D.kC 11.6 36 UnB 
4.6 55 DkB 11.7 61 DkB 
4.7 >151 DkB 11.8 41 DkB 
4.8 73 DkB 11.9 41 DkB 
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Tabla 1 (continued) 

GPR Transect completed on 18 OCtober 199' 
Depth Distance Depth 

Cingh) 1,u, lailu> lingh) 
73 DkB 12 60 
54 DkE 12.1 41 

123 OkE 12. 2 36 
41 OkE 12.3 118 
75 DkB 12.4 52 
56 DkB 12.5 31 
5 7 DkB 12. 6 7 6 
39 DkB 12. 7 52 
43 DkB 12.8 34 
60 DkB 12. 9 40 
59 DkB 13 70 
40 DkE 13. 1 98 
37 DkE 13.2 45 
43 DkE 13. 3 65 
34 DkE 13.4 43 
39 DkE 13.5 82 
39 DkE 13.6 63 
49 COB 13. 7 62 
82 COB 13.8 45 
76 CoB 13.9 117 
34 CoB 14 117 
84 CoB 

ftbl• 2 

GPB Tranaeat completed on 11 oetobar 199' 
Depth Diatanae Depth 

finch> 11.u, tail81> (iogh) 
68 DkB 2. 7 28 

105 DkB 2.8 55 
>151 COB 2.9 62 

103 CoB 3 53 
55 DkC 3.1 112 

125 DkC 3.2 75 
105 DaB 3. 3 59 

>151 DaB 3.4 50 
75 DaB 3.5 25 

112 DaB 3.6 43 
102 DaB 3.7 39 
113 DaB 3. 8 26 
110 DaB .3.9 32 

88 DaB 4 65 
110. DaB 4.1 34 
111 DaB 4. 2 105 
111 DkC 4. 3 124 
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DkB 
DkB 
DkB 
DkB 

, OkB 
DkB 
DkB 
DkB 
DkB 
DkB 
CpB 
DkB 
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Table 2 (continued) 

. c;Dlt 'l!ranuct coaplated on 19 October 1994 
Depth Dietance Depth 

Cingh) M.U. (mj.191) (ipgb) 
98 DkC 4.4 39 
75 CpB 4. 5 121 
50 UnB 4.6 81 
72 UnB 4. 7 125 
66 DkB 4.8 73 

132 ·okB 4.9 34 
55 DkB 5 72 
31 HsB 5 .. 1 37 
47 HsB 5.2 108 
33 BsB 5.3 91 

M.U. 
OkB 
DkB 
DkB 
DkB 
DkC 
DkC 
LnC 
LnC 
LnC 
LnC 
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