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De equipaaat ue4 4ar1at tbia field t-cip vu the SIR SyR--a, tlw ID'rlK 
~·aa-a004JI grapbic recorder, &Ad tbe ADTB ft-6008 u.pe 1'4COl:der. 'A 
llicroproc:~~ vaa.available ud .and -.acceaattll.ly to enhance the 
'aigoal ot ., bacied •t.allic: p~ .at a· depth of &bout. c feet la an area of 
fine tutar9d OltoG ud acMl•Da .oila. ~be-. UH of the AD"fBI[ ft-fOOO tape 
·recorder waa diacorat.i•ed after ob9HYiD9 skip• or breaka ln ~ recorded 
data. Th•" breau r:eault.ed froa ...U periodic dropa in the volt.age 
aupplied to tbe ayatea. Tb• recorder b&• been aabaequentlr returned to 
the aaufacturer; where.a llOdiftca~ioa has beea i ... le-ted t:o OY•rcoa 
tbi• problea. . . .. . ... . ., ___ . -· .. : .; • · ·--

, .~p I ~L 

-Tb• lo~ 120,joa,·u.s 580 •& aateuu wre.field ~uted uader differ•at 
soil coAditioaa. ID all inY•ati9ationa, th• antenna ased 1• a eo11pra11ia• 
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Vertical aad bori .. atal reaolgtioa, the ability to diac:riainat• two or 
more clo•ely apac.S obj~t•, Yariea directly vitb frequeaey. li9her 
frequency an~enaa• laaY• aarrower bandwidth• and ·therefore provide better.· 
reaolution of aubaurface featur••· · ·'- · · ·· · · · 

..;._ .:r"'t.., .1\ ..... y ... ,:;i , ... ,,•, •',l" "..,; _.~,~ l'' •'lltH_ ... , _...f• '"-,'! f·~ . ...... 

'l'be probi•t: ~ •f tb• Gft la 11111 ted bi tbe ratea of aigul ": - . ~ ' 
atteauatioa •itbia th• •oil. l'be attenuation ·of electroaagnetic energy 
in .. 11• iacrea ... vitb inc:rea•1D9 frequency and aoil water, tlay, and 
•alt coateata. J.ew•r.freq•••c:r &Atennaa bave.bi9ber average and peak 
powera of radia,ioa aDd pro•ide.vreater peaetratioa t:.hrou9b eoil~ • 

.. :t,.:.•. - •.. ,, ~0:· ,,; ~-. 

'1'11•-iaw .. t~t .. soil•-~• r~l&ti••lr coadGctive and rapidly attenuate 
the· radar •itaa~. ·li9h 1atea of •i9nal ~ttenuation.aeverely reatrict t.,. probiat deptha of th• 500 and 300 llB• antennas. In fine-loamy eoila, 
probi1i9 depth8 were reatricted to th• aurfac• layer for tbe 500 MBz 
ant.enna ud to th• upper: part of t.b• argUlic horizon for th• 300 MBa 
anteana. . . ..,. ;;:c : ,., - . ',>.: __ ~-- · . '..> ~ 

il~-~~b· the ao ~- ut~ ·pr~~~~. tr•~· ~netration;· it~ b.~~d•r 
bandwid~ reduced tb• ceaolution ~ .buried piptMI and .Prowlded crude 
estim.tH. of the _deptb to buried pipelinea. .in tbi.a .Jltudy, _ it• · · 

. ' . ,,, . ,. • " ' 't- • . • • . . - . " -. - ~- ... 

appllcationwaa r .. q1Red.- - , _· ~·t.:'. :·,.. '. : .• ~c "··· .. ,._,. ._ . 
..., __ ~ -- \ ,_.:. .. :::':··· •. :·. ::- ..... ~- ~ ... . :, JI:!'~ r .. : . ~:- -->-~---~- ~ - - ·. ... .- . 

Tbe 120 IUla anteaaa provi4ed the beat: balance of raaolution and probing 
depth ... :In t,in••lOUJl' •U•, ~be 120- Ksa utanna deacerned a .24 inch 
•tallio pipe .a~ 55 illCbe• (the .. xtu ota8.·rved &tpth at which t.be 
pipeline OCKNl'.red ,wit.bill .the atu47 area). · ·Both the 705DA. and the .705DA.2 
tramceivera were .i•d intercban9eably wub. .t;be 1.20 MB& uteMA. · · 
&owev•r, the 705DA tran•ceiver vaa preferred .aa it provided the beat 
reMlutio1t of \he pipe at aballover_ ,deptha. . ..._ .... ; ._, 

.-. -! . ·-: 
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Ga• utility ucS t.rauauaion ooapaui•• have uaed GPJl technique• to 
deteraine·tbe looation.and deptb of pipelin••· .Recent reae.rch h&• 
indicated that GPa technique• cara t»e.aaed iA ao•• e11vironaent• to locate 
lHka in 9U pipelinea. IOlen Cf08ffd.at r19bt an9lea, pipelinea ar:e 
conaider•d point object• an4 produce byperbolic patter:na. Th• apex of 
tbe byperbola caa·be uaed to acourat.eiy locate the ·'"-op-center-of a pipe. 
Often, pipe roYt•• ba•• beea located by-layin9 linea on tbe 9round 
aarf ace tbro&atb the interpreted location of the buried pipe which ha• 
beea eroHed at ri9ht antl••. by t.b• GPR.- . "' -~ ' · 

' . ~ - . . . . :·~ 

Thi• atudy repreaent• the fir•t eomprebenaive attempt to .. aaure soil 
ecoaion with the 1round-penetratin9 radar. Thia diacusaion will not 
evaluate the quantitati•• reault• but vill cover aoae of tbe recognized 
1111itationa and advaat•t•• of applied_ GP~< tec:bniquea. ., • 

.. - • : ,,. .:: ' :l, ' } ' • • • • • ~ ~ t :t ~ <" l - ~ . . -- < ~ ~ 

Repreaentativea of the vadoua pipeline co11panie• v•r• contacted and two 
pip•lin•• with ':good d•pth control• were' •elected for tbie atudy •. ~h· . 
pipeliaea ••l•cted wreth• &l Puo Mational Ga• pipeline (a 16 inch 
line) and the •••a crude pipeline (a 24 incb.line). Repr•••ntativea 
•••ured tbe atudy group that the !l Paao Natural Gii• pipeline bad been 
buried in 1950 beneath 48 and 30 inch•• of fill tor farmland and 
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ran9eland, reepectiYely. Tti• Reaa crude pipeliae bad been buried iD 1951 
beneatb 24 lnabe• of fill. Laadowaer• wr• coatacted·alont eacb pipe11H 
in lov•r• cowaty aad aeoea• ••• 1ranted to a lar9e amaber of f 1eld•. 

I. 

Initial plaaa ver• to drift tbe ratar ••lt aad.anenna alODf t.tae enter 
UM Of tbe plpell•· SOV•••r, tbe onterllH of tb•· plpell• •• ~ 
been located prior to ta arriftl ef tile r ... r •alt. ne approslllat• 
location of the pipeline vaa located aad f lat9ed at 50 or 100 foot 
interYala la eacb aarYeyed field vlt~ a •od•l GA-52 ... netlc locator. A• 
tbe .. location• were oftly cl••• approi1t .. ti0ft8 aa4 it waa lncoaceiYabl• 
that the antenna would r ... lR •••etlJ ower th• ceaterllae ef tbe pipeline 
for accurate deptb aeaa•r ... ata, perallel tra••r• .. al--. the pipeline 
were rejected in· fH•or Of perpendlcnalar traYer••• acroaa tta. pipeline at 
fixed int•r•ala. 

Tb• potential of uain9 GPB tachniqu•• to locate and det•naine the depth 
to pipeline• vaa explored over a COllPt•beaaiY• r•NJ• of aoil• and aite 
coadlU.oe• la· Boward cwnty, Tex••• · Cft RrYeY•· were eoactacted la ar••• 
of ~caft (ftn.-;.lOllllfr aiaed, thenaic·lridlc Paleu~olla), Aaarlllo 
(fiae-louy, ats .. , t.nraic lridlc hleuaulfa), Brownfield UOU1Y1 

llixect, tberaic Arolc Arldlc Palw•t•lf•), i>rate (flu-lour, •i•ed 
(calcareoa•>• ttaenalc 'fYpic 08tortbenta),.Qcmes (coarae-loaay, •ized, 
theme Addle U•tocbrept•), Kanaker (fiH-lOUll', carbonatlc, tbenalc 
<:alclortbi41c Pal••atolla), Olton (flne, lliaed, tberaic Aridlc 
Paleuetolla), f!Otter Uoaay, cartioaatlc,. tberalc, allallow Uatolllc 
c:alclortltlda), aOVHA (f1Mr llixed, tbenatc Yertic C&lciaatolla), Tl'loli 
(aind, tlHtr•ic Typlc Uetipa.-ata), aad hYala (coarae-loa11Y, llixed, 
nonacid, bypenhenli.c Typlc Unitla•nu)_aoila. 

- .- t 

Vitt. th• ea~ion Of the fln~•rtured 110Ue, the ca. aeaeiaeatly 
locKe4 tn plpe11M ud provided unable nbaurfaoe •11 lafomatioa. 
It vaa lnrMd-fro11 aa Hrli•r audy tAut9n 1982) t.nat tbe eoil• of 
Tnu are .-•r•llr not- tbe ~ condacin to GPS operations. · 
Calcareoa•, llOderately•f 1.. &Ad f lsut textured aoila b&Yill9 appreciabl• 
uout• Of -.ct:ltic claya are highly eomtac:tive and 41aperain to 
•lectro.a9netle ftervY •ad r.-rtcttbe probiat ct•h of u.e c;n. 
IOWYer, tbe·CJPR·la capable of provid109 appreciable data for the apper 
•~•r of aoneallne aoil• i.aY1at l••• than 35 percent clay. Subaurf ace 
inforaation obtained vitb tbe CPR inclad .. tbe pre .. nce of, depth to, and 
lateral ftrlatlon• of arvillle, calciQ, ead petrocalclc laorlzons. 
r.trocalcic borlsonw can be dlatia9uia~ from oalcte boriaone on the 
ba•l• of dlffer•Deee la their reflect•• •i9aatur .. •• 1~•• .. d on the 
graphic profil••• bpld, 91antltative aaM .... nt• of·tbe di•tributiosa 
and tbe proportion Of aoil• underlain by calcic and petrocalcic borisona 
can be aade with th• GPJl to iapro•• tb• quality of .. P ~nit deai9n. 

Pipelin .. were ac:cnarately located vlth the CPR la all b•t the 
fine-teat•r .. Hile. A 16 lDCb pipe, l>Yrled betVHn depthlt of H to 48 
inch••• repre•nt• a lai·9e, bifbly coatraatln9 object which Will reflect 
a al9nlfleaat portion of tbe available traaaaitt ..... r9Y• llOVeYer, 
electr011&9aetic ... r9y i• .. verely dlaaipated in f lne-tezt.ured aoll• and 

... 
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: 't.he aaount' ~t eneri;y reach1n9, 'let alori. retiectect trOll th9'.'ptp911n•· i• 
of ten l••• than th• ~•n•itivity of the radar'• ric•iV•ra. '••n after 

· ~uapli~lcation, reflected 819nai. are often too faint· or dlffuae to be ~ 
· cleaily identified ·on 9raphic: ·prof1Iea fro• areu ot Olton and Rowena · 
"'"aona. · ror eroalon ·aaaitaamnt purpo••• th• re.tricttoa· 'impoHd"on GPll 
~ operation• 'by .fine-textured aoua can .,.. acknovledqect and accepted. 

~·:, .~ -i. •• • • ,_ (' .. ""L~- •; ~'. ,. : .. , '.! .~ 

Aa •••n in Figure 1, the hyperbolic pattern of a pipe vbich baa been 
· traversed at. right an9le• by the radar 1• uaual ly readily apparent and 
·identifiable. · Variation• in ·the abape of the hyperbola are cauaed by 

' vartationa ins ·· l) th• angle at Which the pipe ta croaaed, 2) the speed 
1. . . '.l . . . 
· of antenna advance acroa• tbe pipe, and 3) the velocity of pul•• 

propa9ation. A9 the apeect of tbe electroaa9netic pul.. i• decreased, the 
· -:aa9le betveen the two tail• of the hyperbola vUl decreHe and the delay 

ti .. will len9then • 

. cloaely apac9d pipeline• or a pipeline and a larqe coar•• fragment 
· 'proc!uce ,auperiapo"d iaagea vhicb are ilore di ff 1cult to reeol ve. 

Polarity bighli9btenin9 {pdntf.A9 one atcin•l c011POnent u a aolid band, 
. 't.h• other 'batchured) help• to •aort-out•• signal• vhtch have been 

auperimpoaed and to identify the ,metallic pipe. , '· '· · 
~ .. • 4- ' "" ' ' • - - . - ~ - • . ... ,_ ·j ',, ' 

While the'location of a pipeline wa• accurately detected with the 120 MB& 
antenna .in moat 110derately-tin• or eo&rae textured aoila, the accuracy of 

.<'the ··depth measurement• ac•l*" trola tbe · grapble protll•• auat be · 
quHtlonec!. Generally, ·tor racJar lnveatigation• witl'llft areas of Uniform 
soils and· aoil conditions~ 80 pe:rcent. ot the scaled deptha will be within 
.±. 2 inchea of ·the obaerved cSeptb. · 'l'bia-l~~el of accuracy ia acceptable 
for atudi•• of the compoaitton of aoil ••P unita, but aay be unacceptable 

4 for a more exacting wind eroaion study. variation• between the scaled 
radar _data and the 9roand-tratb auger ob"r•ationa are attributed tor 1) 
the 111a9try being a coapoaite ot signal• avera9ed over a •root-print• 
area beneath tbe antenna, 2·) difference betvffn wbat the hwaan and the 
&achine aenae aa the depth to a particular interface, 3) a miaaatch 
betvffn th• site of au9er aeaaur ... nt and the track of the radar, 4) 
nonvertical au9er meaaureaenta and 5) the tendencey to que•tiaate or 
round off auger .. aaure .. uts. 

Vertical reaolutiona of iJDa9ea to within 0.5 inch of their actual depth• 
· · ·can only be conaiatently achieved throQ4Jh radar ayateaa operatin9 at a 

frequency range of about l GBa or higher. Onfortunately, radar ayatema 
·operati09 at tbeae frequenciea are re•tricted to tb• •urface layer• of 
aoat earthen aateriala aa a reault of their hi9her rates of signal 
attenuation. 

Soila are layered aediu&a, often with eacb layer having differring 
· · phyaical, chemical, and electroma9netic properties. variation• in the•• 

propertiea inflaence tbe travel time of t.be radar•• electroaa9net.ic 
pul••• and produce horizontal and •ertical variation• in the depth 
scale. variation• in soil moiature, particle-aiae fractions, density, 
temperature, and boriaonation have been related to variation• in th• 
travel time of the electroina9netic energy. &light variation• in th••• 
propertie• within even the 110at boaogeneoua and uniform of aoil map unite 
can cauae •li9ht diacrepanciea ln tb• accuracy of the depth meaaure~enta. 
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Prior to field work, aaauranc•• were 9iv•n by company repre .. ntati••• of 
th• •9ood deptb control• alon9 two pipeline•• After reviewin9 tbe 
9raphic prof ilea of 8"1Cceaaiv• cro•• aectiona of tb• pipeline, it i• felt 
that tbe pipe• were bUried at controlled but not invariable deptba. I• a 
variation of .:!:. ' inch•• per bundred feet (vbicb ••• .. bi9bly probable) 
con•idered •good depth c:ontro1•1 Would tbia detree of control be 
acceptable for tbi• atudy? 

Rec09nizin9 the liaitation• iapo .. d by th• aediua, tbe artifact, and the 
ey8tea1 the •itnificance of tbi• atudy MY vell-reat. vit.b th• 
generalitie• vbicb can be .. de after conaiderin9 that the error• will 
cancel each other out. 

USOLTS -' :J:-· ~-::, ... :·( ,. ·:~. ,..... .- . . -~-~ :~~- ~-
.· ., . ,. ·_;.. ·- . . c 

''' '1i.' .- ',';. ' • • • .. • '1'~'. • i.·• ':..,u?'~ 

A total of 140 acceptable obaertttloaa were .... d ~b•pipelin••· Tb••• 
obaervationa h••• been a.-rised ·.tn Table 1. ··OU• DOt corrected for 
original burial deptba, •d.ationa 1n ~ depttl ·to ·t.M pipeline are 
evident within and bet ... n sell t?PN in aillliaraad c:ontraating 
aana9uent unit.a. If all-of thepl~tp tmd'be•D buri~-at a conatant 
depth or •••ured to be equally nriablein Mpth,. \IU.a•tata would aupport 
the pr:eai•• that eroaioa U. bea •itnificaatlJ 9rea~er·on croplaai than 
on rangeland. · · . ! i:" 

Rueb baa been learned froa this; the firat ccmpr•b•naln attempt to ue 
radar to aeaaure •oil eroaion. our .. tbodolOCJY and iatarpretat.iv• skill• 
have been refinecl as the lillitationa of ~ GPa have b4ten better ··~ 
defined. Th• reaulta appear to be proaiaing. 

;. ( 

All copiea of tbe graphic protilea have been· returned to Dr. Ted Sobeck. 
If I can be of aoy further •••iataace to .. llbera of your ataff or·.to Dr. 
Sobeck tn pr:epari~ bit report, pl•••• c1o.aot hesitate to call or write • 

With kind regard•, 

.J. A. Doolittle 
Soil Scientiat CGPR) 

CCI 

A. Holland 
D. Arnold 
T. lobec:k 
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GPR PROFILE OF A BURIED .PIPE, 
. . 



Soil 

Amarillo 

Amarillo 

Drake 

Gomez 

Gomez 

Zavala 

TABLE l 
comparison of Pipeline Depths Under Cropland/Rangeland conditions 

cropland 

-
I of 

Observations 

24 

21 

10 

20 

11 

4 

90 

Rangeland 

Standard Standard 
Mean Deviation I of Mean Deviation 
(cm) !.£m> Soil Observations (cm) (cm) 

93.2 8.96 Amarillo 16 110.6 20.8 

75.0 9.9 

95.2 9.87 Drake 9 96.9 12.5 

ao.o 13.9 Gomez 9 107.2 11.35 

83.6 . 8.2 

98.2 11.06 Brownfield 16 82.2 12.0 

84.4 15.67 34·-·- ·- 106.08 17.2 

* Brownfield represents a sandy range site and 
was not included in this tabulation. 
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Table 2 
Depth to pipeline 

t Depth t Depth 
(cm) Soil-Management (cm) Soil-Management 

1 86.0 Gomez - cropland 43 79.S 
2 82.S 44 66.7 
3 71.0 45 65.3 
4 75.00 46 67.4 
s 78.6 47 76.7 
6 98.2 48 66.7 
7 92.3 49 79.S 
8 78.6 so 73.8 
9 78.6 51 63.9 

10 87.4 52 68.2 
11 91.7 53 75.3 
12 88.0 Zavala - cropland .54 80.9 
13 90.0 55 89.5 
14 103.4 56 102.2 
15 111.2 57 108.5 Amarillo - Cultivated 
16 106.1 Gomez - cropland 58 81.9 
17 96.0 59 110.4 
18 91.0 60 118.l 
19 83.2 61 113.2 
20 66.2 - 62 101.2 
21 64.3 63- 108.4 
22 68.0 64 103.6 
23 64.3 • 65 120.2 
24 71.8 66 105.6 Drake - Cultivated 
25 70.9 67 84.5 
26 60.5 68 81.2 
27 65.2 69 99.1 
28 94.5 70 107.2 
29 100.2 Gomez - Cropland 71 86.l 
30 90.7 72 107.3 
31 96.4 73 99.1 
32 79.5 74 94.2 
33 78.l 75 87.8 
34 75.2 76 104.0 Drake - Pasture 
35 78.1 77 91.0 
36 83.5 Amarillo - cropland 78 105.5 
37 75.3 79 86.7 
38 78.1 80 85.1 
39 69.6 81 93.0 
40 71.0 82 111.8 
41 71.0 83 115.0 
42 70.3 84 80.3 




