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RESUMEN

En principio, el abastecimientode aguapotablepuedetenersu origen en depósi-
tos superficialeso subterráneos.Sin embargo,lacuantíade losprimerosexperimenta
fuertesvariacionestemporalesy su calidadpuedecambiara menudo.Por ello única-
mentelos acuíferossubterráneospuedenserconsideradoscomorecursosestablesy
duraderosparael próximo siglo.

En las depresionesrellenadascon sedimentos jóvenes (Cuaternarios) la principal ta-
reade la prospecciónacuíferaesencontrarcapasporosasportadorasdeagua.Porello, los
métodosgeoeléctricosjueganun papeldecisivoen la solucióndeproblemasdeestetipo.

Laprospecciónhidrológicay la protecciónambientalsondiscutidasconjuntamenteen
esteartículo porque,muchasveces,ambastareassonmuy similaresdesdeel puntode vis-
tageofi’sico; setratadedistinguir formacionesporosaseimpermeables.Muchoscontami-
nantes(peronotodos)sepropaganprincipalmentepormediode las aguassubterráneas,di-
sueltoso flotando sobreellas. Así mismo,en estetrabajose mencionanotros problemas
ambientales(porejemplo la detecciónde oquedades)y sepresentandistintastareas:

— problemassencillosquepuedenserresueltoscon métodosconvencionales;
— casosen los quees necesariala aplicaciónintegradadediferentesmétodosgeo-

físicos (principalmentegeoeléctricos);
— situacionesvariadasen las que,junto con otros métodosgeofísicos,sepresenta

lautilización deun procedimientodesarrolladoespecialmentey conocidoconel nom-
brede SondeoEléctricoIngenieril;

problemaspocoscomunes; nuevostipos de trabajosdeingenieríao de geofísi-
ca ambientalque demandansolucionesdiferentes(prospecciónelectromagnética,ra-
dar, tomografíasísmica,etc.).

Si seaplicandiferentesmétodossimultáneamenteenun mismoemplazamiento,el
casomás favorablesepresentacuandolos parámetrosmedidoso interpretadosmues-
trandistribucionesdistintasy las diferenciaspuedenserexplicadasrazonablementepor
causasgeológicas.
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Las tareasy las solucionesse ilustranconmásde 10 casos.Todaslas mediciones
comentadasfueron realizadaspor expertosdel Instituto GeofísicoEótvosLorándde
Hungría(ELGI). Algunosde los métodos,y la mayorpartede los equiposy delas téc-
nicasde procesado,han sidodesarrolladosen esteInstituto. Se consideramuy venta-
josa la integraciónde unaampliavariedadde científicos,equipamientoy programas
decálculoporqueello permiteunainvestigaciónmásefectiva,tanto desdeel puntode
vista geofísicocomo económico.

Palabrasclave:Agua subterránea,protecciónmedio-ambiental,sedimentosincoheren-
tes, resistividad,polarizabilidad,sondeosgeofísicospara ingeniería,georradar,tomo-
grafíasísmica.

ABSTRACT

In principie, drinkwatersupplyhastwo sources:SurfaceandsubsurfacewatenThe
amountof surfacewater courses,however. shows heavy variationsin time andtheir
qualitymayalso changefrequently.Thereforeonly thesubsurfaceaquiferscanbecon-
sideredasstableandlong-termpotential drinkwaterresourcesfor te nextcentury.

Ln basinsfilled up with young (Quaternary)sedimentsthemain taskof water pros-
pectingis to find porouswater-bearinglayers.Thereforegeoelectricmethodsplay le-
ading role in solving problemsof this kind.

Gmundwaterprospectingandenvironmentalprotectionare discussedin one and
the samepaperbecausein many casesthe two tasksare very similar from geophysi-
cal pointof view: Porousandimpermeableformationsshouldbe distinguished.Many
(but notalí) contaminantsspreadnamelyby meansof groundwater;eithersolved in it
or floating on it. Otherenvironmentalproblems(eg. void detection)arealsomentio-
ned. Various taskswill be discussed:

* simpletaskswhich caneasilybe solvedwith te help of conventionalmethod(s);
* caseswhere integr-atedapplicationof different (mostly geoelectric)geophysical

methodsis necessary;
* a wide variety of caseswherethe useof a specially developedmethod, the

socalledengineeringgeophysicalsounding(EGS) will be demonstrated(applied
togetherwith othergeophysicalmethods);

* unusualproblems,new typesof engineeringor environmentalgeophysicaltasks
which requirenew solutions(electromagnetics,radar,seismictomography,etc.).

Ifdifferent methodsare appliedatthesamesite, te mostfavourablecaseis when
the measuredor interpretedparametersexhibitvariousdistributionsand the differen-
cescanbe explainedby reasonablegeologicalreasons.

Re tasksand solutionsareillustrated with more than 10 casehistories(numberized).
AII te measuremenísmentionedwerecarriedoutby expertsfrom theBñtvésLorándCeo-
physical Instituteof Hungary(FLUí) alone.Sorneof the methods,mostof the instrurnents
and processingprocedureshavebeendevelopedin ELGI. It is veryadvantageousifa wide
variety of scientists,equipmentandcomputerprogr’amscan be integraled,becausein this
caseasurveyis muchmorecifective,bothfrom geophysicalandeconomicalpointsof view.

Key words:Groundwater,environmentalprotection,bosesediments,resistivity, polari-
zability,engineeringgeophysicalsounding,groundpenetratingradar,seismictomography.
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INTRODUCTION

Drinkwater andenvironmentalproblemsare primarily of local character
(exceptbr the areasof largeriver systemsor borderregions).Thus, their so-
lution shouldalsobelocal. As aconsequence,avery wide variety of tasksand
solutionsexists.Thereforepresentationof different casehistoriesis very use-
ful for geophysicistsbecauseit may widen their horizon. And it is probably
evenmoreuseful for non-geophysicistexpertsbecausethey may get an im-
pressionon the possibilitiesandlimitations of geophysicalmethodsin solving
groundwater and environmental problems.

It should beunderlinedthatin mostcaseswedo not detectdirectly water
or contamination,but geologicalformationswhich allow or preventspreading
of groundwateror anysolution.

To estimatethe vulnerability of detectedaquifersis ataskof similar importan-
ce - or evenmoreimportant- tanto searchfor newsubsurfacewaterresources.

CLASSICAL WATER PROSPECTING EXAMPLES

1. A groundwaterprospectingproject(a «simpletask»)was implemented
in te Lenti basin, SW-Hungary,which hasbeenfilled up with fluvial sedi-
ments.High resistivity porousformationswere lookedfor, thus the vertical
electricalsoundingwasapplied.Figure 1 showsaprincipalcrosssectionof the
basin(sure, it wasconstructednot beforebutafter time prospecting).It clearly
showsthe thin (Oto 2 m) Holoceneoverburden(1) andbelow it a near-surfa-
ce Pleistocenecoarse-grainedclastic sequence(2). Although the overburden
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flg. 1. Principalcrosssectionlar theLenti hasin,8W-Hungaq.1 - Holocenooverbu,-dow2 - neas-surfa-
cecoarse-gminedPleistocenesequence;3 - one-layertypestructure;

4aand4b - two-layertypestructure.
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consistsmainly of clayey,fine-grainedforínations,it practicallydoesnot pro-
tect the underlayinglayersagainstsurfacepollution becauseof its thinness.
Thus,althoughthe thick Pleistocenesequencebearsa lot of water, it cannotbe
consideredas a safe aquifer becauseit is completelyunprotected.Therefore
the deeperlying UpperPannonianformationshadto be investigated.

The UpperPannoniansequenceconsistsof relatively tbin sandanó clay
layers (and their mixtures).As a consequenceof the alternationperiodicity
andrelativethicknessof theseindividual layers, the sequenceseemsto be a
thick, more or less homogeneousgeoelectriclayerat someplaces(3), while
definitely splits into two layers in other partsof the area(4aand4b). A cha-
racteristicVES curve of the so-called«one-layertype» structureand its ID
ínversioncanbe seenin Fig. 2 andthoseof the «two-layertype» structurein
Fig. 3. One-layertype andtwo-layer typecurvesdo not occurrandomly,they
canbe found on separatedsub-areas.It is emphasizedthat the two-layertype
structuredoesnot mean a sharp,considerablechangein resistivity at the
boundary.In the surveyareathereare no sharphorizontal, evenlessvertical
boundaries.The whole sequenceis aclay-sand-gravelalluvial deposit,the in-
ternaldifferencescan be interpretedas lithological changes.The moreresís-
uve lower layer reflecusthe changein the sand/clayratio within the given
depthinterval. The factthat the averageresistivity of theone-layertype struc-
ture lies generallybetweenthe resistivity valuesof the two layersof fle two-
layer type suggeststhat both types consistof the sameindividual layersbut
in different shares.The vertical dottedUne in Eig. 1 symbolizesthe connec-
tion of the two types but it is clear uhat there is a continuoustransition
betweenthe suh-areas,without sharpboundary(e.g. the individual layers
obviously do not finish exactlybelow eachother).
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Fig. 2. Characterisric VES curveand its interpretationror theone-layertypestructurc.
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Fig. 3. CharacteristicVES curveandits interpretationfor thetwo-layertype structure.

The more resistivelower section of the Pannoniansequenceis of
high hydrological value. Lts higherresistivity suggestsincreasedquan-
tity of porous formations,moreover,the less resistive upperpart of the
two-layer type meanshigber simare of clayey formations, tbat is sorne
protection againstthe surfacepollution. Ihe one-layertype areasare
howeverof considerableimportanceas well. Resistivity highs of this
«homogeneous»layer indicate sites where the relatively highest sand
content might be expected. Especially the deeper parts of these sites
can be considered as potential drinkwater reservoirs because the relati-
vely long filtration path probably prevents the water contamination.
Drilíholes and test pumpings supported this interpretation in areasof
both types.

2. The supposed alluvial cone of a paleo-river system was investi-
gated in the Békés basin, SE-lvlungary [1]. Here traditional VES and ti-
me domain inducedpolarization wereapplied.Tbe resistivity ¡neasure-
ments (about 700 VES points in an areaof L500 km2) gaye the expec-
ted results:

— in the whole surveyareafour layers (or sequences)occur, from top to
bottom: overburdenof variable resistivity; so-called upper aquifer (20 to
40 Ohmm);loweraquifer(8 to 18 Ohmm)underlainby aconductive(lessthan
6 Ohmm)clay layen Ihereforemappingof resistivity and/orthicknessof the
aboyesequencesis a reasonabletask;

— resistivityhighsof the upperaquiferindicatethe mostpromisingpartsof
the areahaving the highestpercentageof sandyformations(Fig. 4).
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Fig. 4. Resistivityof the upper aquifer, Békésbasin, SE-t-lungary. 1 - ctriltitsgs: LI - distirtguished
sub-areas.

Thereare severalsubareasof aboutthesameresistivity.They couldbedis-
tinguishedusinga secondparameteronly whichmay be thepolarizability.The
mapof apparentpolarizability for AB = 640 m, thatis for apenetrationdepth
everywherewithin the upperaquifer (Fig. 5) conipletely differs from the re-

Hg. 5. Apparentpolarizabilitynlapfor AB = 640 m, Békés basin,SE-Hungary.1 - drill¡ngs: II - dis-
tinguishedsub-areas.
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sistivity map. It meansthat there exist areasof similar resistivity but of
strongly differentpolarizability. Ihe joint interpretationis basedon the results
of in-holeresistivity andpolarizability measurementscarriedout with ground
instrument.Below the watertabletheresistivity is influencedfirst of alí by the
proportionof sandin agiven depthinterval. The logs showthat the sourceof
bigimer polarizability is the sand-claytransitionitself (Fig. 6). Tbereforeareas
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Hg. 6. In-holeresistivityandpolarizabilityme-
asurements,Békés basin, SE-I-Iungary. 1 -

point-like resistivitydata; 2 - point-like polari-
zability data;3 - sand;4 - clay; 5 - sandyclay;
6 - clayeysand.

Fig. 7. In-holeresistivity andpolarizabilityme-
asurements,Lenti basin,SW-Hungary.
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consistingof few thick layers (a few boundaries=> low polarizability) or
many thin layers (many boundaries=> high polarizability) can be distinguis-
hed.Basedon this areascharacterizedby high resistivity and low to medium
polarizabilitycanbeconsideredas mostpromisingfor waterproduction.Wells
drilled in the mostpromisingeasternpart markedwith 1 in Fig. 4 resultedin
about threetimes higherwater yield than wells in the areamarkedwith 2
(aboutthe sameresistivity but muchhigherpolarizability). It shouldbe men-
tionedthat the aboyebehaviourof polarizability is probablynot a specific phe-
nomenon.In anotherprojectarea(severalhundredkm awayfrom the previous
one)in-hole measurementsprovided similar results (Fig. 7).

TRADITIONAL EXAMPLES FOR ENVIRONMENTAL PROTECTION

In many casesenvironmentalproblemsmeanthat we would like fo avoid
the harmful consequencesof humanactivities (wastedisposal,transport,cons-
truction, shallowmining, useof chemicalsin agriculture,etc).Theseproblems
are very diverseandnumerous,thereforein a relativelyshort paperonly an in-
completereview canbe given.

3. It frequentlyoccurs thatan illegal wastedeposithasbeencoveredwith
sotí andno indicationscanbeseenon the surface.In suchcases(sure,if some
suspicionarises)groundgeophysicalmethodscanhelp.As an example,a sha-
llow (2-5 ín penetrationdepth)electromagneticresistivity profile is presented
(Fig. 8) running overa buriedwastedeposit(coveredby soil). The figure re-
quiresno explanation:the undisturbedvicinity of the deposit(A) and the de-
posit itself (B) can clearly be distinguished.

O 10 26,,t

Fig. 8. Electromagneticresistivityprofile over a buriedwastedeposit. 1 - phase;2 - resistivity.
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4. Beforeestablishingwaterworks,the stability of waterquality shouldbe
examined(or at leastestimated).The uppennostseveralmetersplaysa decisi-
ve role in spreadingof surfacecontaminants.Thereforethe detailedknowledge
on thestructureof the upper10-20m is necessary.Around waterworksoneof
the most importantfeaturesis the so-calledtravel time (the time until a today
pollution reachesthe filter of the waterwell). Surfacepointsof the sametra-
vel time form the isochrone diagrams for 5 years,for 20 years,etc. In many
casesthesediagramsare of exactly circular shape.In our opinion the circíes
meanthat only unsatisfactoryinformation on the geological structure was
availableandthis information wasextrapolatedfor largerdistances.This must
notbedonein somesiteswherethegeologicalstructureis notof circularsym-
metry as the examplebelow shows.

In the vicinity of a waterworksin Hungarywith shallow wells resistivity
sounding/profihingwascarriedout.The resultsclearlyshowthattherearesig-
nificant changesat a depthof severalm (Fig. 9). Ihe changein the structure
can veryclearlybe seenin threeneighbouringsoundingcurves(Fig. 10). The
near-surfaceclay layer (point C-190) and sandlayer (point C-210) are very
characteristic;betweenthem a characterlesscurve (point C-200) can be seen
wherethemodel is surelynot horizontally layered.Extentof theunconsolida-
ted porousformationscan be determinedby adensemappingonly. The small
step betweenthe measuringpoints is necessarybecausethe structuremay
changeevenwithin 20-30m.
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Fig. 9. Apparentresistivity protiles nearawaterworks.
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Theseexampleswerequite simple illustrating only that a lot of environ-
mentaltaskscan be solvedrelatively easily. In such casesno technicaldeve-
lopmentsbut ratherpromotionor public relationsactivity is necessary.As an
example, alittle morecomplicatedtaskwill be shownbelow.

5. Increasinglyimportantenvironmentaltask has beenin recentyears to
determinete location,extentand movementof contaminatedsubsurfacewa-
ters. Jts traditional method is to create a network of monitoring wells and then
to analysete water samplestakenperiodically. In severalcasesthe network
of monitoring wells shouldbe completedwith other,e.g.geophysicalinvesti-
gations, mainly because of f¡nancial, timing or scientific reasons.In time follo-
wing case history time question was not ib timere was contamination or not; time
task was to determine its extent, location and temporal change [2].

At a municipal and industrial waste deposit in Germanythe moving
groundwaterpracticallywashesthroughthe waste,dueto the insufflcient iso-
lation from the subsoil.Highly contaminatedgroundwaterflows out from time
deposit as indicated by anomalouslyhighconductivity (over 100 000 S/cm)of
water samplestakenfrom the monitoring wells. Wheretime pollutedwater le-
aves the deposit, parallel dc resistivity-polarizability profiles were measured
suggestedby ProfessorG.-P. Merkler (KarlsruheUniversity, Germany)as an
early initiator of applicationof IP methodin solvingtasksassociatedwith was-
te deposits.Time measurementswerecarriedout in pole-dipolearrangemení
(a = LO m, n L to 5, distancebetweenprofiles = 10 m; Fig. 11).The results
areshown aspseudo-sections(Figs. 12 and 13).

a

Fig. II. Locationof geophysicalprofilesatawastedeposit,Germany.
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In general,left-imandside(northern)part of the sectionsis of higher resís-
tivity. It meansthatthe polluted groundwater(a weakelectrolyte)hasaffected
maínly time southern50-60 % of time profiles. Thereis a very cimaracteristiclow
resístivity zonein time middle of the profiles 50, 60. 70 and it can be recogni-
zed in profile 40, too. It is very difficult to obtain a geometricmodel from the
non-syínmetricanomalies.It is sure,imowever, that about the rniddle of profi-
les a low resistivity zonenearlyperpendicularto time profiles canbe traced,at
leastfrom profile 40 to profile 70. It is closeto a fault which wasapproxíma-
tely locatedby geology.Moreover,time anomalyis so sharpandnarrow that it
obviously suggestsa fault and timrough its fractured zonesolutions inove ea-
síer. It seemsthat this fault (or its northernedge)stoppedthe pollution sprea-
ding to time nortim. In the direction of groundwaterflow time behaviourof con-
taminationseemsto beas expected:Strongestpollution canbesupposedin time
profile closestto the deposit(largestareaof resistivitiesbelow lO Ohmm). In
furtimer profiles time contaminationwill be weakerand weaker; time difference
betweentime nortimern andsouthernparts is characteristicfor eacimprofile.

Simultaneousexaminationof resistivity andpolarizability sectionssimows
that time two parametersare not independent(time highestIPanomaliesheat time
edgeof time resistivity low) but time correlationis notclose.In time left-band40%
of time profiles timere are practically no LP anomaliesandtime highestresístíví-
tiescanbe observedimere, too.Timesesectionsare consideredto be time least(or
not at alí) affectedby contamination.Time IP highsin time middleof time profi-
les coincidequite well witim time conductivity imighs of watersaínples.It means
timereis adirectconnectionbetweentime parameters(conductivity=> salinity =>

ion concentration=> polarizability).
Time imigimest IP values(in profile 40) mayindicate time outfhow of ground-

waterof imigimest salinity. This is approximatelytime crossingof time depositand
a fault assumedfrom geology andexphoratorywells. Furtimer away froín the
deposit,time peakvalueof IP anomaliesdecreases(along time lastprofile no IP
anomalycanbeobserved)wimile timeir extentincreases.Ahí thesecorrespondto
time assumedspreadingof a contaminationpluíne in groundwater:in the flow
direction lower andlowerconcentrationsmaybe expectedoverlargeranálar-
ger areas.Basedon timis assumptiontime imigimest LP valuesshouldoccur in the
profihe closestto time source.But it is not true, time highestvalueswereobtai-
nedalong time secondprofile. An acceptableexplanationfor time pimenomenon
is timat time salinity of groundwaterat time outfhow point is imigimer timan optimal
for time developmentof IPprocesses.Otimer researcimershavereportedon simi-
lar experience;in our caseanalysisof water samplestaken from time monito-
ring wells supportsour explanation.It would require. imowever,experimental
evidence,too. In timis respecttime first resultsimave alreadybeenobtained.In a
símílarproject in Hungarya very closecorrelationbetweentime total dissolved
salt contentandresistivity wasfound.Timus time resistivity - poharizabilitydia-
gramsof Fig. 14 canbe consideredas salt concentration- poharizabihitycross-
plots.They simowthat in timat caseof very strongcontaminationtime poharizabi-
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hity is very low andincreaseswith decreasingconcentration.Sincein non-po-
lluted areasthe polarizability is low again, timere mustbe a medium contami-
nation resultingin maximumIP response.
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Fig. 14. ResistivityVs polarizability aroundatailing pund,Hungary. 1 - heavilycontaminatedarea;
2 - area of moderarecontamination.

AII time aboyetasks weresolvedby traditional geophysicalmethods.Now
some non-conventionalmetimods,instrumentsandcasehistories will be pre-
sented.

.:1 ~1



68 Pól Dras-kovirs, Baláz.s Magvar y Miklós Pattantvús-A.

ENGINEERING GEOPHYSICAL SOUNDING (EGS)

Principies of EGS

Timis surveymetimodhasbeendevelopedin Hungaryespeciallyfor investi-
gating unconsolidatednear-surfaceformations.Althougim its main principIes
werepublishedin time earlynineties[3j, a simon summarycompletedwith time
developmentsin recentyearsmay be useful.
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Hg. 1$ O íta «cl, meascíedin cngi neeringgcoph~sícal souíEdlng odccli n íO:0dependentpi optotíes
of penetratedlaycís. a - cone prcssure => brcakíngstrenglh b - naturalgammaactivity > cUy con-
tent; c gamma gamma activity => bulk density

A smalldiaínetertubeendingin a standardizedconeis pressedinto time soil witb
time helpof a hydraulicsystem(non-destructivepenetration).During thepenetration
mechanical,afier reacimingtime required(or tecimnically possible)depthnuclearpa-
rametersare measured(Fig. 15). The penetrationdisturbsifie original conditions
only slightly, tbereforetime metimodprovidesin situ parameters.Timeseare:

— total pressure,that is time oil pressurein time imydraulic cylinders. This is
time sum of te force necessaryto penetratete given formation andtime Wc-
tion alongtime wall of the tube;

— conepressure,that is time pressureappearingat time conewhile moving
downwards into time layen Timis pressureis proportional to time breaking
strengthof the material;

— naturalgammaactivity, an integratedquantitymeasuredwithin time tube.
Since time absorptionof natural radioactiveelementson time grains is píopor-
tional to time specific surface,timis parameterindicatesthe clay content;

— gamma-gammaactivity, time measurementof time Compton-scatteringof
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time gammaparticlesin the layer. With time helpof calibrationcpm canbe con-
vertedinto bulk densitydata;

— neutron-neutronactivity: a neutronsourceradiatesquick neutronsanda
detectordetectthosewhich slow down to the thermicstateas a resultof inte-
ractionprimarily with imydrogen ions. Thus the imydrogencontent(practically
wateror imydrocarboncontent)can be estimated.

In addition, the static water level can bemeasured,soil andwater samples
canbe takenandthek hydraulicconduetivity can bedetermined.Locationof
EGS points is usually plannedafter performingand evaluatingotimer ground
geopimysical- mainly geoelectrical- metimodsof integratingcimaracter.

Time dataset of asoundingpointcharacterizesthepenetratedlayerswitim very
high resolution(Fig. 16). Eachpenetratedlayercanbe cimaracterizedby average

~, MEAStfl03ED cURVES from
ENGINEERING GEOPHySIcAE. SOUNDING

L 68/4 OoEOo¡o~
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Fig. 16. Meastíreddoítu vi cnyinccrilog gcopbysicalsounding. 1
ble; 3 - poorlypeni~eable;4 - highly permeable.
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valuesof time measuredparameters.Jf time tbreema.in of them (conepressure,na-
tural gammaactivity andbulk density)areplottedon the axesof an ortimogonal
coordinatesystem,then they detenninea spatialpoint characteristicfor the gi-
ven layer. As the comparisonwitim the materialof shallow drillings shows,the
mosr importantsedimenttypesare cimaracrerizedby a moreor lesswide interva]
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of parameters(acompartment)in the coordinatesystem.Thisdiagramis the ba-
sís for interpretationof measureddata:Time interpretationprogramexaminestime
locationof time spatiahpoint relatedto the centreof time individualcompartments.
Time diagramof Fig. 17 simowstime characteristicsof alluvial sediments.Por
peat-hignite-typeyoung coalsor variousbauxitesdifferent spatialdiagramscan
be constructedon time samebasis (Figs. 18 and 19, respectively).

+0

2.5

0,0

ti.

~<0~

+2

Fig. 17. lnterpretationdiagramofengineeringgeophysicalsoundin~lío ~ílEiívialsedinients.1 - cUy; 2 — lean
clay, silty clay; 3-silt, clayeysilt; 4- silt witb finesand;5 - fine sandwith silt; 6- fine sand;7- silty sand;
8 - sand:9 - coarsesand; tI) - sandwith gravel,coarsesandwith gravel; II - sandygravel,gravel.

Ji
,0 Jo

00+00 ~

Fig. 18. lnterpretationdiagramof engineeringgeophysicalsoundingin píxospectingfor very young
coals. 1 - peat; 2 - sandcontainingorganicmaterial; 3 - clay containingorganicmaterial; 4 - lignite;
5- woodylignite, low degreeof coalifícation;6- coal sturry.
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Hg. 19. Interpretationdiagramof engineeringgeophysicalsoundingin prospectingfor bauxites.
- bauxite;2 - clayeybauxite; 3 - clay with bauxite; 4 - clay; 5 - clay with detritus;6 - detritus.

6. Examinationof the stability of wastedumps.
The Mátra Thermal Power Station(nearthe town of GyÉingyñs, N-Hun-

gary) useslignite exploitedfrom open-pitwoTkings. Depth of Ihepit reaches,
severaltimesexceeds75 m. The wastematerial- consistingmainly of Oligo-
cene-Pleistoceneblue clay - is deposited in the worked out area.Volume of
the wastedepositedsinceyearsexceeds30 000 000 mt On time otimer side of
the pit timere is a continuousmining, timereforetime stability of thewastedump
is especiallyimportant;its examinationby traditional drilling methodsis very
complicated.

Using the EGSa critical layercould be detected,studyingtime correlation
betweenseveralparameters.Figure 20 demonstratesthe studiedparametersof
the upper30 m of the waste,andthe layersdeterminedon thebasisof the pa-
rameters.In caseof normal,consolidatedlayerthebulk densityincreaseswitim
increasingwater saturation.Aboye a certaincritical vai~ue, increasein water
contentresultsin decreaseof bulk densityandrunningof time layenFigure21
simows water saturation- bulk densitycross-plotsfor two layers of different
depths.Oneof them - markedby D - causedtime sUp of about4 inillion cubic
meterof waste.
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Fig. 21 - Watcr sootuoatbon~— bulk deíosnye«oss—pEotsLoo two d¡llcnent l¿í~Qo«. 8 — di cet pEoport boa 1 ity,
D - inverse proporíiona[ity.

7. Wastedeposition.
In I-lungary, a considerablepart of waste depositswas createdwithout

properartificial or natural (geological)protectionin time pastdecades.Lf mu-
nicipal andindustrialwasteis depositeddirectly ontoa permeablelayer, cío-
se to the watertable,timen the risk of pollution of groundwaterandof subsur-
face reservoirsin time direction of groundwatertlow considerablyincreases.
Figure 22 simowstime wastedepositeddirecthyontothe gravel in an abandoned

~ MEASUREI3 CURVES (roen
“““~‘ ENGINEERINC GtOPHYStCAE. SOUNDING

nr—a
Oottoooo 7.30’ 00oterL,b0o~ 5.2+0 Collípoed E 9+’

.0+30+.,,) 1-0000+0 <+3+0] 000+000+00+ +00+

O 0• ¡
01 — 1
0 ‘1 3

0 ¡ —

Fig. 22. Enginecring gcopliysieoo 1 «(Ouoidin¿ <icor ¿o waste deposlí. E - “oíste: 2 - eoo;oíse szíosI. sandwitlT
gravel; 3 - san3plingplaces.
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gravelpit in a timicknessof 4.5 m. Time water table is at a deptim of about3 m;
analysisof groundwaterandsoil samplestakenat the site indicatedin the fi-
gure revealedcontaminationcausedby dangerousindustrial waste (leaded
dyestuff) in a concentration exceeding many times time environmenal tresimold.
And moreover: although a 0.4 m thick so-called«recultivationlayen> hasbeen
depositedover the waste,besidestime possibility of groundwaterpollution,
the site is not suitableevenfor the planned«one-familyhousedevelopment
metimod».The stability of the boseunconsolidatedmaterial is too low for
constructionwhatis indicatedby the very low (1.15to 1.25 T/m3) densityof
the waste.

II I.+’t0l~ -——~~~O

00. — - o —

Fig. 23. Engineeringgeophysicaísoundingsalong a protile crossinga waste deposit.Froni EGS:
A - laminatedlimestone;B - waste;C - mar!; D - traceablewastelayers; fromdrillings: 1 - laminated
limestone;2 - waste; 3 - man; 4 - soil (holocene),suderock (Pleistocene);5 - alternatingman and
limestonebeds.

In Fig. 23 asimilarexample—a wastedepositwithoutartificial protection—
is simown along a profile. The figure undoubtedlyshowstimat time marí layerlcft
asgeologicalbarrier has beeneitimercut severaltimes in the courseof waste
deposition or considerably thinned or has been affected by faults. Conse-
quently,it is not suitablefor naturalprotection,thusthecontaminationwashed
out from time waste may pollute time water stored in the laminated limestone be-
10w the marí (time drinkwatersupplyof a nearbycountrytown is basedon time
limestone). Sampling of layers differentiated on time basis of bulk density and
naturalgammaintensity renderedpossibhetime identificationof wastelayersof
unknownorigin andthe estimationof danger.
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8. Hydrocarboncontamination.
The neutron-neutronsonde(so-calledzero length probe)with an Am-Be

source,can be apphiedvery effectively in localizing hydrocarboncontamina-
tion of time soil, aconsequenceof technicaltrouble,humannegligence,etc. Fi-
gure24 illustratesdeterminationof free phasekerosene(about 1.5 m thick) in
an abandonedSovietair base.In normal circumstancesthe zoneof capillarity
ts indicatedby a slow, continuousdecreaseof time water contentcurve aboye
time water table (a). A shawminimumboth in water saturationandbulk den-
sity just aboyethe groundwaterlevel indicatestime suddenincreaseof imydro-
gencontentthat is time presenceof kerosene(b).

— oIl o — 0~0 Oíl
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Fig. 25. Resultsof enginccringgeophysicalsound¡ng¡n deiailed ~eolog¡ealomopping. 1 - soil; 2 - silly
clay, silty fine sand;3 - clay; 4 - sand;5 - gravel,sandwirh gravel; 6 - groundwaterlevel; 7 - kerosene.

9. EGSfor detailedgeologicalmapping.
Apphicationof EGSin geologicalmapping,in shallow geologicalsurvey

is simown in Fig. 25. Revealing the complicatedstructureof the alluvial
cross-beddedsequenceallowed to plan an effective environmentalprotec-
tion work.

10. Application in soil mechanics.
The last example(Fig. 26) simows the advantagesof EGS in comparison

with time conventionalCone PenetrationTest (CPT) method.Time advantages
comefrom the nuclearmeasurements,bettersaid from the parameterscalcu-
latedfrom them.In a constructionareatime side friction in the upper 4 mwas
extremelylow. Examiningotherparameters,time bulk densityand water con-
tentshowedanomalousvalues;time latterwasextremelylow (behow5 %). Co-
ne pressureof this layer wasover20 MPa in dry condition wimich suggested
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time presenceof a layerof imigh loadabihity.Time extremelylow sídetriction and
water contentcalI imoweverthe attention:Lt is very likely that time penetrated
materialhaslost its plasticity becauseof drying up. Timis is, however,a rever-
sibleprocess.In caseof high water saturationtime breakingstrengthof time sa-
me materialcan falí down to zero.This is indicatedby conepressurevalues
less than 1 MPameasuredneartime watertable (about4 m).

APPLICATION OF GROUND PENETRATING RADAR (GPR) AND

SEISMICS FOR ENVIRONMENTAL PROBLEMS

The GPR Metbod

GPR works by radiating a seriesof high-frequency(20-1000MHz) elec-
tromagneticimpulsesinto the groundvia a surfacecontacttransmittinganten-
na. As this signal passes timrougim time eartim it mayencounter subsurface mate-
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rials of varying electricalproperties.At timeseelectricalinterfaces,time signalis
reflectedanddiffracted,being moreor lessattenuatedor dissipatedin time ma-
terial. Time reflectedsignalis detectedon time surfaceby time receivingantenna
wicim is neartime transmitter.Reflectionscomebackfrom ahí geologicalmho-
mogeneitiesso time effect of layers,geologicalstructuresandotherburiedob-
jectscanbe recognizedon time time-sectionsof radarprofihing. The essenceof
time methodis the exactmeasurementof the signaldelay time(LO-2000nano-
seconds),whicim dependson the velocity of the signal in time subsurfaceas it
passes timrough the material, timen it is reflected and travelsbackto time recei-
ving antenna (two way traveltime: TWT). The time-sectionof radarmeasure-
mentscanbe convertedinto a depth-sectionby calculatingtimis wavepropaga-
tion velocity [4].

In GPRsurvey,soil conductivity anddielectric propertiesare the mainpa-
rametersthat influence the detectabilityof the subsurfacefeatures[5]. High
conductivity causeshighattenuationof time signalsandtimereforethepenetra-
tion depthis smaller.Dielectric permittivity controlstime wavepropagationve-
locity, and the dielectric contrastbetweentime targetand its surroundingsde-
terminestime reflectivity of the object.The investigationdeptimcan be contro-
lled by time frequencyapplied:lower frequency(25- lOO MHz) resultsin ahig-
herpenetration(25-10m) but poorerresolution,andtime apphicationof a hig-
her frequency(300-1000MHz) results in excellentresolutionbut only down
to small depths(5-1 m).

Time principle of time operationof time OPRis illustrated in Fig. 27 [6]. The
inimomogeneitycanbe detectedas a cimaracteristicreflection,andtime boundary
of a deeperlayercan alsobe tracedon time time/depthsection.
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Fig. 27 Schconaliciltustratioíiof GPR beid surveyprocedureandthe resultingrellectionsection.
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As it was alreadymentioned,imigh conductivity is time most significant
limiting factor in radar applications.Water saturationor time presenceof
highly conductiveclay bedswill causehigh attenuationanda decreaseín
signal velocity andenergy,consequentlyadecreasein depthpenetrationor
observablereflections.Anotlier disturbing factor may be the objectsaboye
time ground surfacewhich causereflectionson time radar profile and inter-
ferencewitim the subsurfacereflections [7]. This latterproblem canbe les-
senedby carefulplanningof measuringhinesandby thorough andaccura-
te observationof such effects andtaking them into accountduring time in-
terpretation.

INSTRUMENTATION

me instrumentwe usewith greatsuccessfor near surfaceinvestigations
is pulseEKKOLV system,with frequenciesof 25, 50, 100 and200 MHz de-
pendingon the task to be solved.Timis systemis a hightweight,modularand
fully batterypowered instrument,controlled by a computer.Operationis di-
gital witim data transferby fibre optic cablestherebyensuringimigh perfor-
manceaudresolutionaudavoiding time noisespickedup by wires. The multi-
píe signal averagingeffectively improves the signal/noiseratio. Computer-
baseddataacquisitionmakespossibletime on-sitepresentationof the sections
or pre-processingbefore interpretation.Time digital datastoragemeanstimat
furtimer processingcan be carriedout by applying seismic processingtechni-
ques[8].

II. Prospectinglbr voids.
Caves.
Many known and unknowncaves andcavities can be found in Budapest,

particularly in the Buda imilís wimeremore andmorehousesand buildings are to
be constructed.Everywimereat timis area,the sitemustbe investigatedfrom time
point of view of caves.In order to demonstratetime suitability of GPRfor this
task, we measureda 160 m long profile aboyeknown caves.Timis record is
shown in Hg. 28. Time easilydetectablehyperbolicreflectionson time recordare
causedby cavitiesthe top of whicim are locatedat different depths.Time sketch-
mapof the cave-galleryis aNo shownbelow time record,togetimerwith time survey
line. Time placeswimerecavitiesweredetectedon time recordare markedon this
line. Theexcellentcorrelationbetweenthe interpretationand the site-mapis eví-
dent.
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Fig. 28. Detectionof cavesby GPR (lOO MHz>. Characreristicreflccíionsaremarkedboth on the
recordandon the site mapbelow.

Celiars.
As tlie collapseof unknownor forgottencellarsthat are in badcondition

often causesdamagesto buildings,their investigationis a very importanttask
if a new building is to be constructed.GPRis suitablefor detectingcellars,as
it is shown in Fig. 29. This testmeasurementwascarriedout using 100 MHz
antennas.Cellars were excavatedin a loessy soil at a depthof about 1-2 m.
Time reflectionsfrom them could beenimancedby frequencyfiltering.
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Fig. 29. Investigationof ccllarsby GPR.
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12. Prospectingthe areaof an oíd mine.
An integratedgeopbysicahsurveywascaríiedout overan oíd mine. The si-

te is tobe built up but problemsaroseduetotime unconsolidatedzonesanó im-
properlybackfilled shaftsof the mine. Time methodsusedwereGPR,EM coIl-
ductivity and DC resistivity profiling for detectingnearsurfacefeatures;and
seísmicsfor detectingunconsolidatedzones.

Detectionof shafts.
On the basisof anoíd mining mapxve peggedout tbepotentialhazardousare-

asof time formershaftsof themine. In time vicinity of timeseareaswe measuredso-
me profiles by OPR,by electromagneticconductivity meter(type EM-3 1, Ceo-
nícs,Canada),andby DC resistivityreferringto differentdeptims.Anoínalouszo-
nes were found mainly on time basis of time radar sections.Otherínethodseither
supportedthe interpretationor gayeadditional information to radarreflections.
Time applicationof timis integratedsurveywasnecessarybecauseof time rnanycul-
tural noises suchas fences, cottagesandutilities (pipes,cables).The anornalies
werecheckedby shallow drihlings. Figure30 showsoneof time mostcharacteris-
tic caseswheretypical GPRsectioncanbeseentogetimerwitim time corresponding
conductivity andresistivityprofiles. Sitesof testdrilhingsarealso shownintimefi-
gure.Five similarobjectscould be identified in time samewayin timis area.

¡Mg. 30. Radarreeord.EM condLoctls it> ¡¡oil DC íesislivi ty proulles :íbowean improperlyrcfillcd sbatt
of an oid mine. Thc placesof thc conírol drollíngsdoc markcdwith aríowson dic radar record.
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Investígationofcrítica! zones.
For mapping time potentially endangeredareasaboyeabandonedmines,

combined applicationof reflection and refractionseismic methodsmigimt be
appropriate.The changein signal intensity(or time attenuationof seismicwa-
ves)in time reflection time-sectionis causedby time changesin rockproperties.
On time velocity profile calculatedfrom refractionmeasurements,imigh seismic
velocity could be interpretedas rocks understress,whereaslow velocity re-
fiects subsided,boselayers. In this way, undisturbedandbosezones,as well
as rock stressescan be identified.

Seismic reflection and refractionmeasurementswere carriedout along
threebinesover the oíd mine mentionedaboye,in order to locatetime geotecim-
nically dangerouszones.Figure 31. simows a seismic reflection time section
wheretime zoneof time mineworking is marked.At time bottom,time velocity dia-
gram of refractionmeasurements,in time middle, time interpretationis simown.

Time undisturbedzonedoesnotcauseany problem; time zoneunderstressis
the most dangerousbecauseof time likely collapseor subsidenceof rocks; in
consolidatedzonesonly slow (not dangerous)subsidenceof soil may be ex-
pected.Timeseresultsare importantfor reinforcing time existingbuildings or for
the planning of new housesat timis site.
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Fig. 31. Seismic reflection scctionand ilie veloe¡oydi ígr¿oooo o 1 octo;oco‘o,” ¡o oe¿ístírementscarriedout
aboyethe critical zone of an oíd mine. lo themiddle, dic interpro=tationis shown.A: undisturbed;
B: critical (stressed);C: bosezones.
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METHOD OF SEISMIC TOMOGRAPHY

Timere are manyareasof sciencein whicim time distribution of somephysi-
cal quantityinside a «body»hasto be determinedfrom its line integrahsmea-
suredmt dic perimeterof dic body.Timese askscanbe solvedUy tomographic
methods.Time principies of time seismic transmission- as one type of tomo-
graphy - canbe foundin [9].

Applying the tomograpimy in seismic prospecting we measuretime
travel times of elastic wa’ves betweentime seurcepoinis - located on
oneside of a body - and time receiverpoints - that are locatedon the ot-
imer side. This method is called seismic transmission.For determina-
fon of time xvave propagationvebocity map time input dataare time geo-
metry and arrival times, i.e. time first breakspickedout on time recorded
time seríes.

Forprocessingof acquired datawe use our own, curved ray vebocity
tomographysoftware.Time essenceof timis procedureis that time valuesof
travel times calculatedfrom time velocity field of an initial model are
coínparedwith time measuredarrival times. As a next step, time algoritimm
makesa correctionon time velocity field for decreasingtime differencesin
time time vahue~.This procedureis repeatedmany times by iteration. Sin-
ce tUis processis convergent,alter some modifications, time calculated
velocity field will be more and more similar to time real velocity distri-
bution.

Time basisfor the interpretationof the vebocity rnapsis as follows: Time lo-
ose(cavity) zoneshavelower seismicvelocity but hardrockanéconsolidated
formationshavea imigim propagationvelocity.

13. Investigationof a bastionby seismictomography.
Metimod of seismic tomographywas applied to investigateone of time

corner-bastionsof theBuda Castlecalled«EsztergomiRondella»[lO]. Timis
rondella imas a diameterof about40 m anda imeight of II m. A timick brick-
wall hasbeen built aroundit and time surfaceis almost free: timere are only
sorne sitting-placesand a high flag-pole with an enormousunderground
concretebasement.Time aim of measurementswas to Investigatetime inner
structure:ancientwalls andcavities were supposedto be at a deptimof 5 to
lO m.

A combinedgeopimysicalinvestigationwascarriedout here:GPRmeasu-
rementsfor prospectingtime near-surfacezone,seismicrefractionprofihing for
tracingtime bedrockrelief andseismictomograpimicmeasurementsbetweenbo-
reholesandbetweentime waIl-faceand time boreimoles(Fig. 32 showstime sketcim
of timis procedure).For timesemeasurementstwo boreholeswere drilled in time
middle of time bastion,time bogs of which gayealso useful information on (he
subsurfaceconditions.Resultsof seisínic tomographywill be discussedimere
in detail.
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Fig. 32. Sketchor Ihe seismictransmossíoníneasurcmcntcarriedout betweenthewall-faceof dic ron-
dellaandoneborebole.

Measurementswere carriedout in the following way: seismic receivers
(geophones/hydrophones)were located in the boreimolesone after the otimer,
andtime sourceof elastic waveswasmany of hammeringsin every halfmeters
along eight vertical bineson the outerpart of thewall.

Figure 33 simowstheray tracingof time initial model (A) andthefinal velocity
fleid (B) of a wall-borehole tomogramcalculatedby this typeof iteration.Time
resultof timesemeasurementswas that time velocity fleld in someplanessimowsa
clearly distinguishablehigim velocity zone(seeFig.33, B) thatcouldbedueto time
Middle Age wall; wimile velocity mapsof otimer planesdo notcontaintimis typeof
anomaly.In this way time presenceof time wall couldbe demonstrated.

1~

Fig. 33. Ihe iooitial ray tracing lA) ¿md ilie liosool vclocity ¡cId tB) <>1 tI03e ilCI¿Oiio)n.
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