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PURPOSE 

Fiie Code: 430-7 

To field teat the ground-penetrating radar (GPR) on selected sites within 
Vermont and to access the effectiveness of the system for determining the 
depth ·to bedrock.. 

PARTlCIPANTb 

Jaaes A~ Adama, Soil Resource Specialist, SCS, Brattleboro, VT 
Carl t. Britt, Soil Survey Party Leader, SCS, .Bennington, VT 
James A. Doolittle. Soil Specialist (GPR), SCS, Cheater, PA 
Roderick w .. Douglass, Jr., Soil Scientist, SCS, Bennington, VT 
Henry J. Fe.rguaon, Soil Survey .Party Leader, SCS, Woodstock., VT 
Stephen H. Gourley, Soil Survey Party Leader, SCS, Montpelier, VT 
Gregory·w. Howard, Soil Scienti•tt SCS, Montpelier; VT 
llobert F. Long, Soil Scientist, SCS, Woodstock, VT 
Robert L. M.c:Leese, Aas't. State Soil Scientist. SCS- Winooski. VT 
ThOlla• R. Villara, Soil Scientiat, SCS, Benaington, VT 
Bradley A. Wheeler, Soil Scientiat, SCS, Montpelier, VT 

The equipment utilised during thia field trip was the Sia System-8, the 
AD1'EK Si-8004li graphic recorder, and the ADTEX. Dt-6000 tape recorder. The 
so. 120, and 300 Mhz antennas were used at various times and under dif
fering soil cowlitiona. The 80 MHz antenna provided the beat combination 
of resolution and penetratin~ depth in soils formed in loa•y tills derived 
frOlll pbyllites and achista. The GPa system operated well with no observ
able m.alfuoctiorus. 

ACTIVITIES 

Prior to the arrival of the GPR unit, sitee were selected in Washington 
and Windsor Counties. Multiple transects were conducted. on the 9th and 
10th of July in areas of .Dulm:lerston (coarse-loamy, mixed, frigid Typic 
Dyatrocbrepte) and Fullam (coarse-loamy. mixed, frigid Aquic 
Dyatrochrepta) soils; and the proposed Bartlett (loamy, mixed, frigid 
Lithic uyatrocbrepts) and Lords (coarse-loamy, mixed, frigid Typic 
Dystrochrepte) soils in Washington County. Oa the 11th and 12th of July, 
the radar profiled. areas of houghtonville (coarse-loamy, mixed. frigid 
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Typic Heplorthods), Killington (loamy-skeletal, mixed, frigid Lithic 
Uaplorthod•), Marlow (coarae-loaay, rd.xe.d, frigid Typic Haplorthoda), Peru 
{coarse-loamy, adxed, frigid Aquic Haplonhoda), and la.wonville (coarse
loamy, mixed, frigid Typic Raplorthoda) soils in Windsor County. 

UlSCUSSION 

lmagery of the soil/bedrock interface was considered distinct and inter
pretable in 55 ~o 100 percent of the observation sites in each transect. 
Generally, the imagery w.e.s considered distinct in 71 perceut of all 
obaervation sites. In the remaining 29 percent of the observation sites, 
interpretations were more difficult as a result of (l) unfavorable soil 
conditions, (2) the equipment being temporarily o~t of optimal adjustment 
for the underlying soil conditions, or (3) the equipment being pushed 
beyond ita limits. 

It is hard to impress the merits of techniques such a.a CPk when anything 
less than a 100 percent level of confidence is attained. T.able l ia baaed 
on a field study, conducted in Washington County. comparing ground-truth 
auger data with acaled GPll imagery. This table is based on the depth to 
bedrock. at thirty-one observation sites along three transect lines. The 
transects were coudueted in areas of Lord•-llartlett complex, 8 to 15 per
cent al opes •. 

Table l 

Frequency diatributiClll of obaervation sites as mea•ured by traditional and 
G.PR Hetboda. 

Method of -~~--Hedroci; 
Meaaureai.enta 0-10" 10-20'" 20-40 .. 40-60 .. ---·---- ----· 
Auger :Soring 3% 321 39% 26% 
Radar Imagery 0 261 551 19% 

Difference-------·---- JX 
--C>i ____ 

16% --,y--

The apparent disparity between the frequency distributions obtained by the 
two methochi is due, in part, to (1) normal observation errors, {2) the 
highly irregular bedrock. surface, and (3) the proximity of many of the 
measured and scaled depths to critical deptha (10, 20, 40, and 60 inches). 

Presently, ground-truth soil boring measurement provides the basis upon 
which the radar i11agery ia scaled and. compared. Regardlese of degree of 
confidance, auger measurement• are couidered true, while radar imagery 
inexact. However, auger •asure•nta can and often do contain an inherent 
degree of error. Meaaurement errora can be attributed to tile habit of 
rounding off measurements or guesstimating depths. nonvertical probing, 
and slight spatial discrepancies between tbe site of auger boring(s) and 
tne radar track. As a result of then and other factor•, alight discrep
ancies of ten exist between auger measurements and the depth scaled on 
graphic profiles. 
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tiultiple auger tt.easureu:ents within a 24-inch radius of several observatiofl 
sites revealea a variation in the depth to bedrock as great as 20 inches. 
kith such variability in tbe ci.e11ttl to bedrock over short distances, it is 
iffiprobable the ground-truth measurements and scale radar imagery would 
l!U'ltch. 

~epths to bedrock of 10, 20. 4U, and 60 inches differentiate soil depth · 
classes and are series criteria. Of the 31 ground-truth measurements. 45 
J;ercent were within 4 inches. 39 percent were w:lthin 3 inches, and 29 
percent -were within 2 inches of one of these critical depths. The close 
proximity of many measurentents to tbese critical depths, the variable 
depth to bed.rock, and norul ob&ervation errors httlp to explain some of 
tlae differences evident in '.table 1. 

Table II compares tbe average depth to bedrock as derived by the two 
methods over the thirty-one observation sites. The variation in data is 
slightly more th.an 1 inch and is consider~d insigni.f icao.t. lh.e match 
between augel' boring and radar imagery is considered re1&arkable, and 
attests to the reliability of the GPR. 

Table II 
Comiiarison of Traditional and CPR iiethoos 

.E'araiaeters 

Number of observations 
Average depth to bedrock 
Standard deviation 

Methods 
~e_!_·-··~--~.!'!.. .. 

31 
29 
J.3.9 

ll 
30.2 
12.3 

The potential application of the GPR -will depend upon its ueed, use, and 
program development. COl.!pared with trad1t:iomal sampling methods the GPK 
is (1) many times faa'ter, (2) Minimizes required borings. (3) allows 
greater areaa to be sampled per observation, and (4) is leas likely to 
miss or miscalculate depths to bedrock in deeper zones (greater than 40 
inches). 

Though portable 1 the equipment is cwabersome. Unless accessible by 
trails, long transect in wooded. mountainous areas are imr>ractical with 
the present raciar syatem. A more practical approach would. be short, 
wltiple transects in unditilturbed areas adjacent to roads or trails. 

RESULTS 

Enclosures 1 through 3 provide a statistical Sutlliiary of the data collected 
for three map uni ts in Wahington and Windsor Counties. 

Two map units, Lorda-Bartlett complex, ~ to IS percent slopes (w•shington 
~ounty) and R.a~sonville-Kil!ington complex. 15 to 35 percent alo~s 
(Windsor County) have been sampled sufficient.ly to attain a desirable 
level of accuracy. 
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'Ihese enclosures illuetrate an established. ll.ethod for grouping si11ih•r 
soils and expressing the confidence level and limit& of soila 11apped aa 
complexes. While expreseiona of confidence level• and lillits have baen 
discouraged from the noo.tecbn1cal portions of soil survey reports, sta
tiattcal information can be included in tabu.lar form in the technical 
portion or in supplements. 

Jamee A. Doolittle 
Soil Specialist (GPI) 

Enclosures 

cc: 
A. Holland 
D. Van Houten 
s. GO\lrley 
a. l''erguson 

JADoolittle/kmg 


