Contents

1 Petrophysical properties of permeable and low-permeable rocks....... 1
Reinhard Kirsch
1.1 Seismic VEIOCILIES ...eevueiruiiiiiieiieiieieetete e 1
1.1.1 Consolidated rocK..........cceeveeriienieniinieeieeeeeeee e 2
1.1.2 Unconsolidated rock ...........ccoceriiiiiiniiinienieeeee e 4
1.1.3 Clay and till ......ccoouieieiieeeeee e 7
1.2 Electrical TeSISHIVILY ...ccvveriieriierieriesiesreereeieeieesieesseessaessnessnessnennnas 8
1.2.1 Archie’s law — conductive pore fluid and resistive

TOCK MALTIX cooiiiiiiiiiiiieii 8

1.2.2 Limitations of Archie’s law — conducting mineral grains .... 12
1.3 Electric Permittivity (DielectriCity) .......ccccereerriurerireriienienienieenieens 16
1.4 CONCIUSIONS ..uviiiieiieiiieeie ettt ettt ettt ettt et neee s 20
1.5 RETEIENCES ...eovieiiiiiieiieitetee ettt 21
2 Seismic methods . 23
Wolfgang Rabbel
2.1 TNErOdUCHION ..eeiiiiieiieiieiieee ettt 23
2.1.1 What type of waves is applied in seismic exploration?........ 23
2.1.2 How can seismic waves image geological structure?........... 24
2.1.3 How are seismic waves generated and recorded
inthe fleld?......oooii e 27
2.1.4 What kind of seismic measurements can be performed?......29
2.1.5 What kind of hydro-geologically relevant information
can be obtained from seismic prospecting?............c.ccveeeen. 29
2.1.6 What are the advantages and disadvantages of seismic
measurements compared to other methods? How do
seismics and other geophysical measurements
complement each other?...........ccecvevieviinciicieeeeesee s 31
2.2 Seismic refraction MEASUTEMENLS ...........ccveerreerreereerreereereeeneeenenens 31
2.2.1 Targets for seismic refraction measurements........................ 32
2.2.2 Body wave propagation in two-layer media with a
plane iNterface ..........cceevveriiriieiieeeeeee e 33
2.2.3 Seismic refraction in laterally heterogeneous
tWO-layer MEdIA.......ccveeriieriieeieeeee e 38
2.2.4 Consistency criteria of seismic refraction measurements.....41
2.2.5 Field layout of seismic refraction measurements ................. 44
2.2.6 Near surface layering conditions and seismic implications..46



VIII  Contents
2.2.7 Seismic interpretation approaches for heterogeneous
SUDSUITACE StIUCLUIES . ..eeuvieiieiieiieiiieeeceeee e 49
2.2.8 Structural resolution of seismic refraction measurements.... 58
2.3 Seismic reflection IMAZING ......cccceverveerierenieneneeeneneeene e 63
2.3.1 Targets for seismic reflection measurements ....................... 64
2.3.2 Seismic reflection amplitudes..........ccoveevververcieecreevieenieennnens 65
2.3.3 Concepts of seismic reflection measurements...................... 67
2.3.4 SeismiC MIGLatiON.......cccueeevueeeriirerrieeiieeereeeieeesveeeeaeeeseveenns 74
2.3.5 Field layout of seismic reflection measurements.................. 77
2.3.6 Problems of near surface reflection seismics ...........c..c....... 79
2.3.7 Structural resolution of seismic reflection measurements.... 80
2.4 Further 1eading ........c.ccccvieiiiiieiieciee e e 82
2.5 REfETeNCES ....coviiieiiiiieiieece e 82
3 Geoelectrical methods...........ccceeueeeee 85
3.1 Basic PrinCIPIeS.....cccueieiuiiiiiieeiie ettt et et e 85
Kord Ernstson, Reinhard Kirsch
3.2 Vertical electrical soundings (VES) ....ccooceveivvciiicieiicriesee e, 87
3.2.1 Field equipment..........cccoecuierierienieeieeieeieesiee st 90
3.2.2 Field Measurements .........cecuerueeueerieneeeienieeeieeesieeeeneeseeeeeees 90
3.2.3 Sounding CUIVe ProCeSSING.......c.cecvveereerreerreereernervensvensennns 92
3.2.4 Ambiguities of sounding curve interpretation...................... 93
3.2.5 Geological and hydrogeological interpretation .................... 97
3.3 ReSIStIVILY MAPPING ..eevvveeerireerieeiieerieesireeesreeereeeseneesseesssseessseenns 98
3.3.1 Square array configuration ........c..cecceveveevenereenenenneennenn 100
3.3.2 Mobile electrode arrays .........ccceeeveeeereeenieeniieeeceeeevee e 102
3.3.3 Mise-a-la-masse method...........ccoeerieiinieieniee e 104
3.4 Self- potential MEASUTEMENLS.........c.cccvverrierierieeieeie e 105
3.4.1 Basic principles of streaming potential measurements....... 105
3.4.2 Field procedures ........ccccvveeviveerieeeiieeieeeieeeeeeesreeeeve e 106
3.4.3 Data processing and interpretation ............cceeevereveeereeveennen. 107
3.5 2D MEASUTEIMENTS .....uvvieieiiiieeeiiiieeeiiieeeeeiieeeeetteeeeeataeeeeessseeeeeanns 109
Markus Janik, Heinrich Krummel
3.5.1 Field equipment........cccccueevrieeriireniieeiieeeiee e 109
3.5.2 Field Mmeasurements ........coeeeeeruerueenienienieneneeieneeeee e 110
3.5.3 Data Processing and Interpretation............cccceeeveerveeennennn. 111
3.5.4 EXAMPIES .oeeveviiiiiieiie ettt 113
3.6 REfOIENCES ...oovieieiiiiieiieiiee et 116



Contents IX

4 Complex conductivity measurements 119
Frank Boérner
4.1 INtrOAUCHION ...eeiiiiiieieee ettt 119
4.2 Complex conductivity and transfer function of
WALET-WEL TOCKS ....eiiiiiiiieitie ittt 120
4.3 Quantitative interpretation of Complex conductivity
MEASUICINEILS ..eeuveiitiriieeieenieenieenite et ete et e enteesbeesbeesaeeeateenreenne 124
4.3.1 Low Frequency conductivity model.........c.ccccveeervrernreennnen. 124
4.3.2 Complex conductivity measurements..............cceecveeveennenne. 126
4.4 Relations between complex electrical parameters and mean
parameters of rock state and teXture...........ccoevveveeriieecivenieeneenienns 130
4.5 The potential of complex conductivity for environmental
APPLICALIONS ..e.uvieeieeirieireieeite e rere e ere e e teestaeseaessresnseesseeseenens 138
4.5.1 Organic and inorganic contaminants ...........cc.cceceeceereeruennnen 138
4.5.2 Monitoring subsurface hydraulic and migration
PTOCESSES .vvvrenerieerreeereerereesereessseessaeesseessseesssesssssessssessnses 141
4.5.3 Geohydraulic parameters.........ccecververreecreerreeseereesnennens 144
4.6 RETETEICES ...veevieeiieiiieieeieeeiee ettt sttt sae e 149
5 Electromagnetic methods — frequency domain 155
5.1 Airborne teChNIQUES.......cceecveerieeriieriieeieeie et 155
Bernhard Siemon
5.1.1 INtroduction .......oecueeiienienieniee et 155
5.1.2 TREOTY eeviieeiieetie ettt ae e s eveeseneeens 156
5.1.3 SYSIEMS..ciiiiiiiiiiiiieeeeeeeeeee e 163
5.1.4 Data ProCesSiNg ......cceevvviieriieriieeiieesieeeieeesiveeevee e eseneas 165
5.1.5 Presentation .......ccocceeeeeieeieenieenieeniente e 166
5.1.6 Discussion and Recommendations .............cccceveeeeenenenncene 170
5.2 Ground based teChNIQUES .........cceevvererienerieienieeteeneeee e 170
Reinhard Kirsch
5.2.1 Slingram and ground conductivity meters............ccoccecueune. 171
5.2.2 VLF, VLF-R, and RMT........ccccoeririiiiinieieieieie e 174
5.3 RETEIENCES ..oouviitiiiiiiiiee ettt 176
6 The transient electromagnetic method 179
Anders Vest Christiansen, Esben Auken, Kurt Serensen
6.1 INErodUCTION ....eeiiieiiiieeie e 179
6.1.1 Historic development.........c.cccuevveereevieerieenieeneesiesreene e, 179
6.1.2 INtrodUCHION ....eeuiiiieieiieiieie e 181
6.1.3 EMMA - ElectroMagnetic Model Analysis ...........cccc....... 182

6.2 BaSiC thEOIY ...ooeieiiiiiiieiieecee et e e 182



X  Contents

6.2.1 Maxwell’s equations.........cceeceerieereerienieeie e 183
6.2.2 Schelkunoff potentials..........cccevevverieicieeiieeneeseeceeeveene, 184
6.2.3 The transient response over a layered halfspace ................ 186
6.2.4 The transient response for a halfspace............ccccceevvenennen. 188
6.3 Basic principle and measuring technique ...........cccceeveeeveeeveeennen. 189
6.4 Current diffusion Patterns ........cccvevveereerieriieecreereereesreesreesieesenens 191
6.4.1 Current diffusion and sensitivity, homogeneous
halfSPaCe......ccvieeiiieiieceee e 191
6.4.2 Current densities, layered halfspaces...........ccccevveeveennenen. 194
6.5 Data CUIVES ....eeeiiiiiiiieiieriteetcee ettt 196
6.5.1 Late-time apparent reSistivity .......ccceeeveeveeereereeseeseereenne. 196
6.6 Noise and Resolution...........ccceeieeneiniinieniiiiieee e 198
6.6.1 Natural background NOISe..........ccevververcirerieerieeieereerreene, 198
6.6.2 Noise and MeasUreMents ............ceceereereerieeerueenieenreeneennnes 200
6.6.3 Penetration depth..........coccvviveiiieiiiiiiiece e, 200
6.6.4 Model errors, equivalence .........cccvevveeieevieenieesieeieere e, 202
6.7 Coupling to man-made condUCLOTS...........ccververrerrercreereeieerieens 204
6.7.1 COUPIING LYPES..eevirririeniiriiiiieiteterteetetestee et 205
6.7.2 Handling coupled data..........c.covevveiieniieieeeeseeceeereene, 206
6.8 Modelling and interpretation ............eccveveercverceeecreecreesieeseeeneeenenens 208
6.8.1 MOdElliNg .....covvieiieiieiiecie ettt 208
6.8.2 The 1D model........cociiiiiiiiiiiiieeeee e 208
6.8.3 Configurations, advantages and drawbacks........................ 209
6.9 AIrborne TEM ......cccoooiiiiiiiiiiieieeeeteee ettt 210
6.9.1 Historical background and present airborne
TEM SYSEEIMS.....uviieiieeieiieeiieerieesteeeireesreeseeeeereeeseeeeeneas 210
6.9.2 Special considerations for airborne measurements ............ 212
6.10 Field eXample ........cccceevieiieiieeiecie et 217
6.10.1 The SKYTEM SYSIEM ....cviovieriericrieiecreeeeeie et 217
6.10.2 Inversion of SkyTEM data .........ccoeveeviiniieiieieeeeienee 220
6.10.3 Processing of SkyTEM data..........cccceevvveiiieenieecieeene, 220
6.10.4 The Hundslund SUrvey .........cccccevvevirrciienieeniieseesie e 221
Acknowledgements ...........cccueeierieriiniieiieeeee e 224
6.11 REEIENCES .....eevieniieiiieiieeie ettt 225
7 Ground penetrating radar 227
Norbert Blindow
7.1 Electromagnetic wave propagation...........cccceeeueerueesieesieenieeneeneeens 228
7.1.1 Electric permittivity and conductivity .........ccceeeeveeeeuvrennnenn. 228
7.1.2 Electromagnetic wave propagation ............ccecceerververevenene 230
7.1.3 Reflection and refraction of plane waves ..............ccceeuenee. 232
7.1.4 Scattering and diffraction ..........c.ccceeeeeereieiicieenieeeeieeen 234

7.1.5 Horizontal and vertical reSolution .........ccccceeeeeevveeecuveeeennn. 234



Contents  XI

7.1.6 Wave paths, traveltimes, and amplitudes ..........ccccceereeneee 235
7.1.7 Estimation of exploration depth ..........ccccccevvevvencirecinennenn. 238
7.2 Technical aspects 0f GPR.........cccceviiviiiciiiieeeeeeeee e, 239
7.2.1 Overview of System COMPONENLS.......cc.ceeeruerreruerieneenuennens 239
7.2.2 Antennas and antenna characteristics ..........ccecceevueereeneenne. 239
7.2.3 EIECLIONICS ..ueveuiieiiiiiieieeiteieerte e 241
7.2.4 SUIVEY PIACHICE ..veeuvienrieeeeieeeiereeieeieeseesiaessnessreenseenseenseenens 243
7.3 Processing and interpretation of GPR data..............cccceeveeennennnnn. 245
7.3.1 General processing StEPS .....veevveeeeeveerveerireeerveerreeeereenenens 245
7.3.2 Examples for GPR profiling and CMP data........................ 246
T4 RETEIENCES ...eovieeieiiiieiieit ettt ettt sttt 250
8 Magnetic resonance sounding 253
Ugur Yaramanci, Marian Hertrich
8.1 INtrOdUCHON ..ottt 253
8.2 NMR-Principles and MRS technique .........cccceeevieviieeciiecnieenen. 253
8.3 Survey at Waalwijk / The Netherlands..........cccocevevviviinciinnennnen, 261
8.4 Survey at Nauen / Germany with 2D assessment............c............ 265
8.5 Current developments in MRS .......c..ocoiiiiinininiineceee, 269
8.6 RETEICNCES ..couveiuiiiiiiiiiiiieeete e 271
9 Magnetic, geothermal, and radioactivity methods........ccccceevureeeneeee 275
Kord Ernstson
9.1 Magnetic Method ........cccuvievuiiiiiiieiie e 275
9.1.1 BasiC PIINCIPIES ..ecvveerireriiecerieeiieieere ettt see e saeeere e 275
9.1.2 Magnetic properties of TOCKS. ........ccoevervierienienienieieee, 278
9.1.3 Field equipments and procedures ............cccceeveeereeenrreennnen. 280
9.1.4 Data evaluation and interpretation.............ccceevveerreerrverenenne 282
9.2 Geothermal method ...........cccceiiiiiiiiiie e 286
9.2.1 The underground temperature field............cccccceevveriennennne. 289
9.2.2 Field procedures ........cccocuevviereevieenieenieesiesreeereeveereeseennes 290
9.2.3 Interpretation of temperature data ...........ccccovereerereeneennene 291
9.3 Radioactivity method..........cccecuveiiieniiniinie e 292
9.4 RETEIENCES ...eevieiieiiiieieeeeteee ettt et 294
10 Radiomagnetotellurics 295
Biilent Tezkan
10.1 INtrodUCION ..cc.eeiieiiiiiieeiieeie ettt 295
10.2 Basic principles of the RMT — method..........cccvevvveeciiennnnnne. 296
10.3 RMT DEVICES....cetiuieiiiiieiieiesieeie ettt st 301
10.4 Interpretation of RMT data.........ccceeuieiiieiiienienienieeeeee 305

1O.5 CaSE StUAIES ...oeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e e e 306



XII  Contents

10.5.1 Contaminated site exploration .........c..ccccevereereneennenne. 306
10.5.2 Waste site eXploration............cceeevveerereeenieenieesieennenns 311
10.6 REETEINCES -.c.veeeiniiiieieiieieie e 316
11 Microgravimetry .......ceceseeessecssecssecssnccsaees 319
Gerald Gabriel
11.1 PhysSical DASICS...cccviriiiiierieriieniiesiieere e ereereereeseeesereseneesneenns 319
11.2 GraVIMELETs ...co.eeveriieiieiietieienie ettt 320
11.3 Gravity surveys and data processing ..........ccceeeveevveeecreeenneeenne. 322
11.3.1 Preparation and performance of field surveys .............. 323
11.3.2 Data ProCesSSiNg.......ccververeerververivearressseesseesseesseesseessnes 326
11.4 INterpretation ....eeceeeeeeieerieesieeeieerieeee ettt e seaeseee e 331
11.4.1 Direct methods .......cccceerieniiiiiiiieieiieeeee e 331
11.4.2 Indirect methods ........cccoverieiininiinieeeeeeeeee 335
11.4.3 Density eStmMAation ..........cccuveeveerieereerienieeieereeseeeeens 337
11.5 Time dependent SUIVEYS ......cccevveeerieeerreeeireeniieeeieeesireesvee e 338
AcCKNOWIEAEMENT ......ccoviiiiiiiieciicie et es 340
11.6 REETENCES -..veeeeniiiieiiiieeeee e 340
12 Direct push-technologies ............ 347
Peter Dietrich, Carsten Leven
12.1 LOogEING tOOLS....cciiieerieiieiieiiecie ettt seeesreesre e e e seaesene e 347
12.1.1 Geotechnical tools........c.ccevvvieeiiieciieciieeie e, 348
12.1.2 Geophysical toolS.........cceevuireriieiiiieieecieecee e 350
12.1.3 Hydroprobes........ccoevueeieeieevieeieeieenieesresreeve v esveenens 352
12.1.4 Hydrogeochemical tools ...........ccoecevevienirnienienieen 354
12.1.5 Miscellaneous other tools ...........cccceerieneiniiniieniieeee 356
12.2 SamPlNg t0O01S ..ecveeeereiieeiieiieiiecre ettt e seee e ere e saeesene e 357
12.2.1 Soil sampling tools.........ccceevvreriierierienienie e 357
12.2.2 Soil gas sampling tools ..........cccevveevenerienineeneneniene, 357
12.2.3 Groundwater sampling toolS..........ccccververreereerreenneene 358
12.3 Tomographic applications ............cceeceerverreriieerieereeneesnesneenns 358
12.4 Permanent installations..........c..ccevveevvireiieeeirieeeieeeiee e 361
12.5 CONCIUSIONS ....eeiiiieiiieiieiteiie ettt 361
12.6 RETETENCES ....eeveeiiiiiiiiiiieeieeeeteee ettt 363
13 Vertical flows in groundwater monitoring wells 367
Frank Borner, Susann Berthold
13.1 Forced convective flOW .......coceeierieiieieeneeee e 368
13.1.1 Field equipment and procedures............ccccverververerennen. 370
13.1.2 Data Processing and interpretation .............cccceeeeeeueenne. 373

13.1.3 EXAMPIES..ccciiiiiiiiiiiieciiecee ettt e 376



Contents  XIII
13.2 Free convective fIOW.......cc.oeeeviiiiiiiiiiieeiecceecee e 377
13.2.1 Classification of density driven convective
tTANSPOTE PTOCESSES.cuuvrerrrrerirreareeeereerireessaeesreeesseennes 379
13.2.2 Field equipments and procedures...........cccccceereereernnnne 381
13.2.3 Data processing and interpretation..............ccceeeveeenneen. 381
13.2.4 EXAMPIES....cccvieiieiieriieciieciiereeieesieeseee e eve e stee e e 386
13.3 REfETENCES -.c.veeueineieiieiiiiieieeee et 388
Further readings ........ccooovviieeiieciiecee e 389
14 Aquifer structures — pore aquifers 391
14.1 Pore aquifers — general .........ccoccveveerienieniieieeecee e 391
Reinhard Kirsch
14.1.1 DefiNition .ccceeeeieieeiieieesiieie ettt 391
14.1.2 Porosity — a key parameter for hydrogeology............... 391
14.1.3 Physical properties of pore aquifers...........cccceevvennnne. 393
14.1.4 Geophysical survey of pore aquifers...........ccceeeveeneen. 394
14.2 Buried valley aquifer SyStemS..........ccveveveeeeieenciienieeesieeeiee s 398
Helga Wiederhold
14.2.1 INtrodUCtioN.........ceevuiiiiiieeiieeciee et 398
14.2.2 Geological and hydrological background ..................... 400
14.2.3 Methods ..c.eoovereieieiieieeeee e 401
14.2.4 Discussion and Conclusion..........ccccceveeeeveeevveeecreeennen. 409
14.3 A Large-scale TEM survey of Mors, Denmark ........................ 414
F. Jorgensen, P. Sandersen, E. Auken, H. Lykke-Andersen,
K. Serensen
14.3.1 Study area — the island of MOIS ........ccceevveeecrieenreennen. 414
14.3.2 Hydrogeological mapping by the use of TEM............... 416
14.3.3 Data collection and processing ...........cccceevevereveerueernenn. 418
14.3.4 Results and diSCUSSIONS.........cccerevurierreeeirieenreeereeeenenn 420
14.3.5 CoNCIUSIONS.....coueeiieieieeiieieie et 430
14.4 Groundwater prospection in Central Sinai, Egypt.................... 432
M.A. Mabrouk, N.M.H. Abu Ashour, T.A. Abdallatif,
A.A. Abdel Rahman
14.4.1 IntroduCtion........cocueeieeiieeniinienieeeeeeeee et 432
14.4.2 Geological and hydrogeological aspects.............c......... 433
14.4.3 Field work and interpretation............ccceeeeveeecveeenereennnenn 435
14.4.4 Groundwater OCCUITENCE ........cvrereveeeereerreenreeeereennneens 441
14.5 REfETENCES -.o.veeueieieiieiiiiieesiee et 442



XIV  Contents

15 Aquifer structures: fracture zones and caves..... 447
Kord Ernstson, Reinhard Kirsch
15.1 Hydraulic importance of fracture zones and caves................... 447

15.2 Geophysical exploration of fracture zones: seismic methods... 449
15.3 Geophysical exploration of faults and fracture zones:
geoelectrical Methods........ccuvvevveiieviienieriecie e, 454
15.4 Geophysical exploration of fracture zones: GPR .................... 464
15.5 Exploration of faults and fracture zones: Geophysical
passive methods (self-potential, gravity, magnetic,

geothermal and radioactivity methods) ........ccccevevvvvvrcveniennnen. 465
15.6 Geophysical exploration of caves.......c..ccoceveevieneneerieneneennnn 470
15.7 RETETENCES ....eovueiiiiieiiiiiieiie ettt 472
16 Groundwater quality - saltwater intrusions 475
Reinhard Kirsch
16.1 DefiNition......eecueeiieiiiiieeit ettt 475
16.2 Origin of saltwater Intrusions ..........ccceeeveeeeveercveencieeesiee e 475
16.3 Electrical conductivity of saline water ..........ccc.cceeevvreveerieennnnne. 478
16.4 Exploration teChNiques .........cceeverierireciieiieieenee e 481
16.5 Field eXamplesS.....ccceecuieeiiieriieeiieciie e 481
16.5.1 Saltwater intrusions in the North Sea region ................ 482
16.5.2 Saline groundwater in the Red Sea Province, Sudan...... 485
14.6 RETETENCES ....covveiiiiiiiiiiieiieeie ettt 488
17 Geophysical characterisation of aquifers 491
Reinhard Kirsch, Ugur Yaramanci
17.1 Definition of hydraulic conductivity and permeability............. 491
17.2 Hydraulic conductivity related to other petrophysical
PATAMCTET ....eieeiieeiiee ettt e eieeeeeesteeeetteeebeeeaaeesnteeeneeesnneeenneas 492
17.3 Geophysical assessment of hydraulic conductivity .................. 495
17.3.1 RESISHVILY weorveeieieeiieiieie e 495
17.3.2 SeiSmic VEIOCIHES .....c.eeeereereieieriirieieeeeeieeee e 498
17.3.3 Nuclear resonance decay times..........cccceevverveereennennn 499
17.4 Case history: Hydraulic conductivity estimation
from STP data........cccoeieiiieeee e 502
Andreas Hordt
17.5 RETETENCES ....covveiiiieiiiiieeiie ettt 507
18 Groundwater protection: vulnerability of aquifers...........c.ucc..... 511
Reinhard Kirsch
I8.1 GeNEral ....coouiiiiieiieciieeie et 511

18.2 Vulnerability Maps .......ccceeeeuieeriieeiieeriee e sree e 511



Contents XV

18.3 Electrical conductivity related to hydraulic resistance,

residence time, and vulnerability..........ccccccevvveeieeiiecnieerienieene, 515

18.4 Vulnerability maps based on electrical conductivity ................ 518

18.5 REfETCNCES ....eoviieiiiiiieieeieeeeee ettt 522

19 Groundwater protection: mapping of contaminations................. 525
Reinhard Kirsch

19.1 The brownfields problem............ccccoecvrreriecriesierieniecie e 525

19.2 Mapping of waste depoSits .........ceeevererreeerieeriieeiee e e eree s 526

19.3 Mapping of abandoned industrial Sites ..........c.ccevverreereerrernenns 528

19.4 Mapping of groundwater contaminations ............ecceceeeveeeennene 532

19.4.1 Anorganic contaminants ............ccecceereereeerueerieeseennenns 533

19.4.2 Organic contaminants ............ccceeeeveerveeerreeescreeesreeenenens 535

19.5 RETETEINCES ...ouvieuieiiiieieieeiee e 537

Index 541




2 Springer
http://www.springer.com/978-3-540-88404-0

Groundwater Geophysics

& Tool for Hydrogeology

Kirsch, R. (Ed.)

2009, XX, 548 p. 333 illus., 16 illus. in color., Hardcower
ISEM: 978-3-540-88404-0



