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PURPOSE

7o use GPR tecioniques to evaluate tihe depth Lo bhedrock imn a select map
unit aad to compare these results with those obtaioed with comnventional
sawpling methods.

- PARTICIPANTS

Donaid 0. Clark, Soii Scientist, 3C3, Ellsworth, MEX

Janes A. Doolittle, Soil Specialist, SCS, Chester, PA

Glendon 3. Jordan, Party Leader, SCS, Ellsworth, M2

Robert V. Josiin, Jr., Asst. State Soil Scieatist, SCS, drono, ME

EQUIPMERT
EQUiPMART

The aquipment used during this field study was the SIR System-3 with the
ADTEK SR-80041 graphic recorder. The 120 MH, sntenns with the Hodel
705DA transceiver was used. The scanaing time oan the control oanit was 72
nancsecounds, which, assuming a dielectric congtant of 13 for the
invegtigatad soiis, provided an aspproximated scanning depth of 3.0 meters.

Fieid Methodsa

Two study sites were selected within Haoroek County, Maine. Each sitz is
in hayland and is representarive of areas which are being surveyed as map
unit 623, Tunbridge-Lyamsa complex, 3 to G pearcent slopes.

A 370-by-100-foot rectangular grid was establilshbed at Site I and a 200 by
150 foot rectangular grid wes established at 3ite 4. An engineering
transit was used to establisi grid corners and surface elevations at ecach
observation point. A nmylon line, with markers affixzed at 10-foot
intervals, was stretcined between opposite grid cormers and flags were
placed st each 10~-ioot marker to establish tramsect end points. Iu this

- manper, 411 end points were lccated and flagged. As the radar survey
progressed acruss each study site, the aylon line was relocated aud
stretched between upposite trangsect end-points. This technique
economized fieid tiwe and provided 418 and 336 equally spaced (10-foot
apart) observation points at Sites 1l and 2, respactiwvaly.
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Four additional transects were completed within esach study site using
conveational mathods. These transects produce 48 and 41 obserwvatioca
points within study Sites 1 and ¢ respectively.

DISCUSSION

in many upland areas, it is axceedingly difficuit to examine soil
profiles and to determine the depth to bedroek with conventionsl sofl
surveying tools. Rock fragments and desnse layers of basal tiil liait the
effectivensss of spades, asugers, picks, and mechanical probes. Soil
scientists are fatigued and frustrated, and work is slowed &s tools are
repeatedly stopped by rock fragments. The probability of emcountering a
rock fragment increases with soil depth and, tharefore, limits the
potential of observing deep or very deep soils. At most sites, it is
uncertain vhether penstration is halted by a rock fragment or bedrock.
Decisions are often made in the field based on the anticipated ratbar
than the confirmed depths to bedrock.

Inferences and broad assumptions must be made concerning the depth to
bedrock, and the composition and {nterpretations of soil map units.
Limited by the toois he usea, soils sclentists infer the anticipated
depth to dedrock from landscape position. In areas having uniform or
less variable depths to bedrock, these inferences are pndoubtedly, fairly
accurate. Io areas of highly variable or irregular depths to bedrock,
these iunferences are mors inaccurate. Unfortunately, even in areas of
bedrock controlled landforms, the nature of the underlying bedrock cannot
be determined from the landscape.

In areas of highly variable snd irregular depths to bedrock, soil depths
ate aore likaly to be undersstimated as a result of the limitacions of
conventional surveying tools and the inhibiting nature of the medium.
The composition and interpretation of s0il map units are often based on
insufficient, incomplete, and often bias data collected from a limited
number of observation points or inferred from the landscape.

The ground-psnetrating radar (GPR) can chart the depth to bedrock and can
ba effectively used in most areas of New England to improve the
descriptions and interprstations of scil 3ap units. However, few
documented, bedrock studies have been conducted with the GPR. Extensive
research has not been carried out on the variability of the depth to
bedrock within map units. For these reasons, this study was proposed
vith the following objectivest: (1) to.compare depth to bedrock data
coliected by GFR mathods with data gathered by conventional sampling
nethods; (2) to determine the variability of the depth to bedrock within
similar areas of the Tunbridge~Lyman complex, J to 3 percent slopes; and
(3) to produce computer generated thres~dimansional surface net diagrams
and two~dimensional contour maps of the depth to bedrock relative to
surface elevations for inclusioa in soil survey reports.

- ~Graphic Imagery ~ The GFR performed well and provided clear asnd
interpretable imagery at each site.
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Figors 1 is a repressentative profile from Site Z. The horizoutal scale
represents units of distaace traveled. As the horizontal scale is
depeudent upon the speed of astenns advance aloug the transect line, it
varies slightly across Figure 1. The vertical scale 1z a time or depth
scale which is based upon tam velocity of signal propagation. On most
graphic profiles, the vertical scale is exaggerated. As a counsequence of
the vertical sxaggeration (about 6:1), the apparent topography of the
underlying bedrock bhas been slightly distorted. The dashad vertieal
lines are evant markers inserted on the graphic profils by the field
operator to indicate known antenns positions or reference points siong
the tracsect. A marker was dspreesed each time the antenna passad an
opservation point. Tha evanly spaced bhwrizostal lines are scais lines.,
Scale iines provide referaonce planes for relative depth assessments.

In Figure 1, the surface of the bedrock has been highlighted with a dark
line. This suxface is irregular and varies ip depth from 11 to 68
inches. Areas of colherent bedrock can be distinguished from areas of
fractured or more intensely weathered bedrock. Areas of fractured or
intensely waathered badrock produce segmented and complex imagery which
contrasts with the amooth and more linsar imagery from area of cobereat
bedrock. Areas having broad transitions froa bouldery or stony deposits
to bedrock produce weak or compiicated radar reflections.

Features within the bedrock can also be discerned in Figure 1. In the
lowar right~baund portiom of this profile, & pattern can be seen within
the bedrock. This featurs (s related to s vain of disaimilar
saterial(s), exfoliation, or a fracture plane. While less pronounced in
this figure, the imsge of the contact of ablation till with basal tili {s
apparent between depths of 27 gand 33 inches. Rock fragments, identified
by their hyperboli{c patterns, are evident in the upper part of this
profile. Sagmsuted portions of a major subsurface borizon, the spodic
horizon, appear iu the upper part of this profile, Segmentation is a
result of tree—throw, cultivation, or other forms of pedoturbation.

Correlation Analysis of GPR and Auger Data - Presently, ground-truth soil
boring data providea the basis upoun which the radar imagery is scaled and
compared. Ragardless of the operator's confidance in the radar, most
users consider ground-truth suger meagurements to be true, while radar
imnagery novel, untried, and at bast inexact,

Pigure 2 is a scatter diagram plotting the covariation between ground-
truth auger measuremente and ecaled radar imagery. Data for this portiom
of the study was collected from 14 observation points within study Site
1. The area from waich the data was collect is characterized by uniform
aud relativaly shallow (10 to 49 ianchas) depths to bedrock.

In Pigure 2, all data are expressed in Iinches. The correlation
coefficient 1is 0.34. 7The positive correlation implies that ss the scaled
radar depths increase, measured auger depths will also increass. This

~ecorrelation is significant at the 0.0l level and & linesar correlation is
said to exist between the two data sets.
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Ag evident la Figure «, for any particularl scassd radar vaiue, a range in
the augered depts: to bedrock can le expacted. Thig inexactnass is due,
in part, to {1) normal obsarvation errors, snd {2) the highly irragular
bedrock surface.

Auger measurements can and often do coantain an inbsrent degree of error.
Jbservation errors can be attributed to the nsbit of rounding-off
weasureneluts or zuesstisaling septus, non-vertical probing, and failiaog
tu .letect and «ugering past tae upper soundary of am interface. in
addition, in many upiand areas of iew ingiand, observatioan errors can be
attributed to the uncertainty as to wioether augering was halted dy a rock
fragment or bedrock. Furthermore, slight spatial discrepancies oiten
exist betwvean Lie site of suger messureasents and the radar track. &S5 a
resuit of these and other sources of observation errors, variations axist
vetween auger measureaments and the depth scalad on grapnic profiles.

The aurface of the bedrock i3, on a micro-scale, highly variable. The
underlyiug Ledrock i{s phyilite. As in other areas of lew Englacd, the
phyiilte is imbricated and ateeply ioclined, producing a hignly irreguiar
aicro—-topograpny. ibe irrezula:r micro—topograpiy of the bedrock surfice
producas saaii out significaat variations in tae depth to badrock over
short dietance. <his variation is responsilie, ia part, for tue lack of
agreement between radar and ground—truti aeasurements collectea at many
poservation sites.

Ino a study conducted in Vermout, the variastion in the depth to phyllite
vedrock within a 24~inch radius of several observation gites was 3as graat
as iU incoes. In the present study, a o—~inch variation in the depth to
bedrock was observed wnen augering was re2peated at a distance of less
than 12 isches at oune observaticn site. With such variations in the
depth to bedrock over smaii disetances, it is unlikely that any method of
measurcaents could produce ifdentical results.

The GPR profiles are based on a composite of scans which have been
averaged for each interface across the arc of radiation bensath the
sutenna. Therefore, the GPR profile more closaly reflects ths "average®
deptih to bedrock amd 1s less influsnced by cxtremes.

Table I compares the data on the depth to bedrock as derived by the two
méthods over the fourteen observatiou sites. The variation in the
averaged deptiu to bedrock is slightiy greater than I inches. This
diffaerence (s considered inaignificgat. The match between auger boring
and radar imagery is considered remarkable and attests to the reiiability
and accuracy of the GPR.
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Tabls I

Compariacn of Couventional snd GPR Methods

Paramster Acger SR
Sumber of observstions 14.0 4.0
Average depth to bedrock 6.8 29.2
Standard deviation 5.8 6Js
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Comparison of Data on the Depth to Jedrock - Figures 3 and 4, and Table
1l compare the distributions of depths to bedrock at each site and for
each method of observation. ln gemeral, thare is a cliose agreemsent in
the data coliected by the two techniques at Site 1 and by thes auger
batween the two sites. However, there is significant difference betweea
the techaiques at Site 2. -

Bartlett's test for homogensity of variance was completed on ths datas
sets. Variasce {s sigaificantly different emong the radar data at Site 2
and the auger data at both sites and ths radar dats at Site i. Variance
is not sigoificantly differant and is assumed to be similar among the
auger data at both sites and the radar data at Site 1.

It {s believed that the similarity between tha auger data at the two
sites is artificial. The similarity in the data obtained with the auger
reflects the limitation of conventional surveying tools to effectively
and consistently probe beyond depthe of 30 to 40 inches. 7The probability
of an augaer ancountering a coarse fragmeant incresses with depth. Saall
rock fragmauts lodged in tha dense basal tilli can halt the penetratioca of
sugers as effectively as larger stounes or douiders.

All tools have limitations. In many upland areas of Hew Englaad, the CPR
is toe most effective tool for determining the depth to bedrock. lo this
study, the two sites were defined by the auger as being nearly identical
in terms of depth to bedrock., EHowevar, the sites are dissimilar
according to the GPR survey. Site 1 has an average depth of 22.7 fuches
and a standard deviation of 4.8; Site 2 has an average depth of 43.4
inches and s standard deviation of 23.2. Both sites occupy similar
landscape position. However, the underlying bedrock topography is deeper
and more varlable at Site 2 than at Site 1.

Site 1 is characterized by relatively umiform depths to bedrock and
shallow and moderataely desp soils. As expressed in Table 1I, the data
obtained by the two matheds at Site 1 are similar. This similarity of
results is expected 1n areas having bedrock predominantly within depths
of A0 inehes.

At Site 1, the average depth to bedrock varies from 22.7 inches with the
radar to 47.3 inches with the auger. The diffarences between thase data
sets is attributed to normal observation arrors and unequal sampling
sizes. A t-Test for unaqual samples was used to determine whethar the
difference in the means was siguificant. The difference was not
significant. Accordingly, it must Be agsumed that the observed

dif ferance (5.1 inches) in the average depth to bedrock as compiled by
the two techniques is witnio the normal errors of observation.

The aedlian depth to bdedrock at Sits 1 is 22.9Y inches (radar), and is
nearliy identical with the mean. Tie lover quartile is 19.0 Iinclies, and
tue upper quartile is 26.2 inches. One-half of the obaervations occur
.between the iuterquartile range of 19.0 to 26.2 inches. This data attest
to the low variability and relacive uniformity in the depth to bedrock at
Site 1.
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Results obtained by the two methods at Site I wvers significaantly
different. The CFR characterized this site as having more variable
depths to bedrock with predominsntly deep and very deep soils
intermingled with arsas of moderately deep and shallow soils.

The mean depth to bedreck at Site 2 is 43.4 ioches which clesely
approximstes ths median and the mede (both 42.6 fuches). The lower
quartile 1s 34.3 ioches, the upper quartile is 31.1 fnches, and the
intargquartile intarval is 16.8 inches. One-half of tha obdservatices have
dapths to bedrock sccurring detween 34.3 and 31.1 inches.

dte
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Table 1l

Coaparisou of Data om the Depth to Bedrock
as Collected with GFR and Auger Techaiques

5O, 310
S1TE METHOD OBS HEAR DEV HI8 HAX HEDIAN
i auger 48 27.8 5.7 13.0 42,0 27.6
1 radar 418 22.7 4.3 1.0 33.3 22.9
2 auger 41 25.2 5.9 14.0 48.0 23.9
2 radar 336 43.4 23.2 1.1 81.8 42.%

{all depths in inchas)

-y
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dap ynit Composition ~ Both study sites were witnin deiineated areas of
map unit ¢IB, Tunbridge-Lyman coaplex, J to 8 percent siopes. Tumbridge
is a coarse-loamy, mixed, frigid Typic Haplorthods and Lyman is a loamy,
mixed, frigid Litaic Hsplorthods. In the Hancock County, Maine, sotl
survey manuscript the map unit {8 described as consisting of:

“nearly level to gently sloping areas of somewhal excessiveiy
drained, shaliow to bedrock Lyman soils, snd well drained, moderately
deep Tunbridge soils. It is on hedrock coantrolled landforms in the
coastal areas and om upland Lills and ridges. The areas are
irregular i{n shape and range from 4 to over 100 acres in sizs.

Tunbridge soils make up about 50 perceat of this complex....
Lyman soils make up sbout 30 percent of thia complex....

lncluded in mapping are areas of well drained Marlowe poils;
moderateiy desp, moderataely well drained soils; moderately well
drained Dixfield soils; somewhat poorly drained Colonei soils, small
areas of poorly drained Brayton soils; and a few rock outcropB....”

This is a rather comprehensive description of the composition of this map
unit. Table Ill1 iists the composition of this map unit as defined with
the GFR at the two selected gites.

The proportion of soils within each site 1is different. Site one typifies
the concept of map uunit §2B, with an average composition of 72 percent
Tunbridge and 28 percent Lyman. Site 2, while occupying a similar
position in the landascape, is deeper and sore variabie to bedrock. The
average composition of Site 2 is 50 percent Soil A, 31 percent Tunbridge
soil, 10 perceat Marlowe soil, and 9 percent Lyman soil. Soil A is a
deep, well drained soil, Marlowe 5041 has baen treated in Table III as a
similar soil to Soil A,

It {8 presently neither desirable nor feasible to subdivide map unit 62B
into two separate units based on trangsect data. [owever, the following
description can be made based upon the composite of 59 GPR transects
coaplaetad within the two study aresas:

Ia 395 percent of the areas mapped as Tunbridge-Lyman complex, 3 to 8
percent slopes, Tunbridge, Lymsn, and their similar soils make up 91
to 99 percent of the map unit. Cenerally, the mapped areas are about
74 percent Tunbridge ami similar soils, and about 21 percent Lyman
soiis. The components of this map unit are so ictricately
intarmingled that it is not practical to mep them separately at the
scale used.

In this description, the deep, well draioed Soil A has been tresated as a

-gimilar s0il to Tunbridge scil. It is noteworthy that the composition
expressed in the sap unit description closely approximates the average
composition of the two study sites (Tunbridge, 50 versus 58Z; Lyasn, 30
versus 212).
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Site 1

Site 2

Composite
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Table III

Avarage Composition of
Tuanbridge-Lymsn Compiex, 3 to 8 Percent Slopes

Iransects Soils

21

38

59

Tuabridge

Lyaan

Soil A
Simatilar

Tunbridge

Tunbridge

Soil A

Lynan

Parcant

72

28

10
i

38
18

a1

{as determined by CPR Tecitmiques)

Confidence

Iuntervali

67-78

21-34

40-59

22-40

51-~€5

11-25

16-26

10

Inclusions

Level Soitls p4
352
95%

952 Lyman 9

952

95% Mariowe 3
95%

952
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somputer venerated Three-Diuwensional Slocik Diagrams ~ Thoulu a
torae-dimensional entity, s0lis arve must orten ouserved, counceptualized,
and clussifiec on tine basis of a iimited nuaver of wideiy spaced, one- or
tvo~dimensional exposures. Ganeraily, observations of soils =ad soil
properties have been restricted to auger and excavation ucles. Couputer
processing of GPR data can provide economical three~dimensional plots of
subsurface conditions. These plots are useful for gaining a rapid, visual
picture of subsurface comditions, summarizing variations {n tha depth and
lateral aoxtent of soil horizons, and alding intecpretations.

The enclosed tliree~dinensional computer zenerated plots of the study site
are from various plane and viewiog angles. All were prepared using a PC
and the BCSTAT (tn) software package. These crude plots represent the
first and unfinished atteampt to provide turee~dimensional block dlagrame of
sudsurface feature from the {aing study gsites based on CPR data. ZHffourts
are being continued in an attempt to provide a ready for publication priatc
of the subsarface pvedrock topography.

2iI5ULTS

Thisz study represents the firet major bedrock study conducted by SCS with
around-penetrating ralar. Based on tha estabiigued objectives, this study
has Dacn a success. It is conciuded from this study that:

1. GPR caa be used as an effective tool for determining the depth to
bedrock and the composition of soll map units Lasad on soll depth
criteria.

2. A hnigh, positive correlation exists between scaled radar data and
actual ground-truth measurements. The GPR is a Lighly accurate tool
for determining the depth to bedrock bemeath tne loamy tills of Hew
England.

3. The effectiveness and reliabiiity of hand and mechanical auzers for
detarmining tha depth to bedrock appears to be limited auod is
guestioned. It appeara that tha utility of conventional tools in soune
areas of .llew Englaad 18 restricted to areas of shallov and moderately
deep soils. These tools can produce erroneocus resdlts vhen used in
arcas of highly irreguiar or variable Jepths to bedrock «nd in areas of
deep or very deep soils.

4. Tecihniques of GPR and conputif‘gfaﬁhics or processing are compatible
and can be used to enhance our understaunding of soils and soil
condltions.

I atrongly recommend tne continuation of this study in other areas sund/or
other soil conditious. <The adaptanility and utility of the GPR has been
successfuily demonstrated in three diverse areas of !Maine during the past
. year. Work from two studies (plow pan study, Aroostoox County, bedrock
study, Hdancock County) is Iincoamplaete and is being continued at tne HENTIC
and the SNIC.
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4y praise is extended to Don Clark, Glean Jorden, ana Bob Joslin for ths
extra effort which they expenied on this project.

With kind regards.

JAIES A. DOOLITILE
Soil Speciaiist (GPR)

cel

A. Holland

R. Arnoid, Director, Soil Survey Divisfon, SCS, Washington, D.C.
2. Babcock, Stacte S0il Scientist, SCS, Orono, MME

R. Rourke, 30il Scilentist, Univ. of Mains, Orono, ME
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B BEDROCK SURFACE

A SOIL SURFACE

BLOCK DIAGRAMS OF (A) SOIL SURFACE, AND (B) BEDROCK

SURFACE IN AN AREA OF TUNBRIDGE-LYMAN COMPLEX,

3 TO 8 PERCENT SLOPES



A SOIL SURFACE

C SOIL AND BEDROCK SURFACES

200 feet

BLOCK DIAGRAMS OF (A) SOIL SURFACE, (B) BEDROCK
SURFACE, AND (C) BOTH SURFACES IN AN AREA OF
TUNBRIDGE-LYMAN COMPLEX, 3 TO 8 PERCENT SLOPES



