Table of Contents

L0 T0 ¥ od o] o I OSSR 7
I O o] 1= o1 1 Y= 9
1.2, OULIING <ottt b bbbttt e bbbt 10
. Theory of the Magnetometric resistivity method............ccccocevviiiiiiiiccece e, 11
. Conceptual model of cross-hole MIMR ... 13
3.1. Historical development of borehole MMR ..........cccoi i 13
3.2. Model setup and transmitter configurations ...........ccocoveiiiieninieieiese e 15
. The MMR forward probIem ... 17
4.1. Analytical solution for the wire COMPONENt BY .......cccccveiiiiiiieieeie e 19
4.2. Numerical solution for the wire COMPONENt BY .......ccoiiiiiiiiiiieeeee e 20
4.3. Analytical solution for the ground component BY .........ccccccvveveivieiieie e 22
4.4. Numerical solution for the ground component BI ..........ccccoiveiinieneienc s 23
4.4.1.M0deling apPPrOaCh .......coiiiicc e s 23
4.4.2.Finite element implementation ..o 24
4.4.3.HOMOgeneous teSt MO ...........cooiiiiiiieeee e 26
4.4.4.Layered teSt MOUEI .......cooiiiei e 33
4.5. SenSitivity CalCUIALIONS ..........ccoiiiiiiiic e 35
4.5.1.The MMR SENSITIVILY ....ccoiiiiiiiiicie e 35
4.5.2.Calculation of sensitivity by perturbation approach ...........cccccevveiiiieineveennenn, 35
Numerical analysis of different transmitter configurations .............ccccccooeveveiieiiese e, 39
5.1. MOUEI FESPONSE CUNVES ....oeivieveiiiieieeite st e steetesteeste e e steeste e e steestesaaesreesneensesbeeneesnnesneas 40
5.1.2.SIgNAI SITENGEN .o e 41
5.1.2.Implication for tomographiC SUINVEYS .........ccoriiiiiniiiiiiceee e 43
5.1.3.50UrCe GENErated NOISE .....ccueiiiiiieiieiieieieri ettt bbbt 44
5.2. Sensitivity diStrIDULIONS .......oooviiiiiiiiiiieee e 46
5.2.1.HOMOQJENEOUS CASE ....eeeiuveieirieeesiireasitressieeesssreesseeessseeessseesssseessssesssssesssssessseessnes 47
5.2.2.INNOMOQJENEOUS CASE ....vviivieeriieiiieeieeitreeteesreasteesiaeestaessaeabeesteeasaessseasbeesseeensee e 50
5.2.3.Sensitivity-based comparison of ERT and MMR ........ccccccoviiiiiiiciin e, 52
5.3. Concluding rEMAIKS .......ociiiiiieiie et 54
Developing of a data processing PrOCEAUIE .........ccceiirieieiierieriesie st 55
6.1. The MMR mMeasurement SYSIEIM .......c.cccvoiuerverreieiieseesiesee e eeesreesreeeesneesreeseeenee e 56
B.1. 1. FIUXQALE SENSON ...oeiieieieieiieeieeie sttt te ettt e nteenaessaenteeneesneeneeens 57
6.1.2.MeaSUriNG TTEQUENCY .....eeiuieieiiieeieeie et te st e e e st re e ste e e e sraeaesneesneeneeas 58
6.2. LOCK-IN @mpPlIfiCatiON ........ccoiieiiiieiiee e 59
6.3. Borehole SENSOr OreNtatioN ..........ccociiiiiiiiiiiece e 60
6.4. Minimizing the error due to parasitic correlated noise fields ..........ccccccevviiiiiinnn 63

1



Table of Contents

6.5. Reduction for the Wire COMPONENT .........cccviiiiiiiiee e 64
6.6. Validation of the data processing procedure — the “Tank Experiment” ................... 65
FIEld EXAMPIE .ot 70
7.1. The Gorgonzola fleld SIte........c.coiiiiiiiicie e e 70
7.1.1.SItE UESCIIPLION ..ovviiiiviitieiieie et bbbt 70
7.1.2.SUrVeY SPECITICAION ....cviivieiieiieieie et 71

7.2. Data validation of background measurements ...........ccccocvviriiniininieiene e 74
7.2.1.IMOVING TECEIVET ...ttt sttt sttt bbb bbbttt e bbb sne e 75

7.2.2. MOVING SOUICE ...veetieuieitieiteesiesteesteaseesteesteeseesbeetesseesseessesseesbeenbeaneesseesesseesseansens 77

7.3. TIME-1aPSE RESPONSES ....eviieeiieieeiiesieeie et e sttt e teesee st neesreesbeeneesneesaeeeesnee e 80

. Summary and ReCOMMENTALION ......ccveiiiiiiiiiiiisiieee e 87
A, INAEXING SCRBME .. 91
. Extended survey SPeCIfiCatioN ............cccooveiiiieieeie e 93
B.1. BACKQIOUNG SUIVERY .....ocviiiieiiieiecee sttt te ettt sne e snaesteenee s 94
B.2. TIME-1GPSE SUIVEY ..ottt ettt sre e te et e e nte e e e nnas 95

. Validation of background MeasUremMEeNtS ..........cccceeveririerenenese e 100
C.L. IMOVING FECRIVET ..ottt bbbttt b bbb 100
C.2. IMIOVING SOUICTE ...ttt sttt ettt bbbt e bbb b s 104

. TIME-1aPSE FESPONSES .....veeieeiieieie ittt ettt e et e te e e sbeesteenneereenreens 109



