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Application of 4-D resistivity imaging technique to visualize
the migration of injected materials in subsurface

Jung-Ho Kim", Myeong-Jong Yi"

Abstract: Dc resistivity monitoring has been increasingly used in order to understand the
changes of subsurface conditions in terms of conductivity. The commonly adopted
interpretation approach which separately inverts time-lapse data may generate inversion artifacts
due to measurement error. Eventually the contaminated error amplifies the artifacts when
reconstructing the difference images to quantitatively estimate the change of ground condition.
In order to alleviate the problems, we defined the subsurface structure as four dimensional (4-D)
space-time model and developed 4-D inversion algorithm which can calculate the reasonable
subsurface structure continuously changing in time even when the material properties change
during data measurements. In this paper, we discussed two case histories of resistivity
monitoring to study the ground condition change when the properties of the subsurface material
were artificially altered by injecting conductive materials into the ground: (D dye tracer
experiment to study the applicability of electrical resistivity tomography to monitoring of water
movement in soil profile and @) the evaluation of cement grouting performed to reinforce the
ground. Through these two case histories, we demonstrated that the 4-D resistivity imaging
technique is very powerful to precisely delineate the change of ground condition. Particularly
owing to the 4-D inversion algorithm, we were able to reconstruct the history of the change of
subsurface material property.

Keywords: Resistivity monitoring, 4-D inversion, dye tracer experiment, grouting effect
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Fig. 1. Plan view of tomography sections and flooding zone.
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Table 1. History of dye tracer flooding and tomography monitoring.

Survey step Elapsed time (min.) Description

Phase 1 0~85 Before flooding

Flooding 1 85~105 100 / flooding
Phase 2 105~195

Flooding 2 195~230 100 / flooding
Phase 3 230~315

Flooding 3 315~363 100 / flooding
Phase 4 363~448
Phase 5 1,002~1,087
Phase 6 1,087~1,585
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Fig. 2. Time-lapse tomograms of Tomo4-5 at the moment of starting (a) and ending (b) the
measurement of Phase 2, and when Phase 6 measurement was completed (c).
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Fig. 3. The stain image taken over the vertically excavated tomographic section, Tomo4-5, after
completing the dye tracer experiment. The grid pattern overlapped on the image
represents tomography section
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Fig. 4. Resistivity changes of Phase 3 (a), Phase 4 (b), Phase 5 (c), and Phase 6 (d) expressed in
terms of the resistivity ratio between each phase and Phase 2. Time-lapse subsurface

models for calculating these images correspond to the ones when the data acquisition
started at each Phase.

H5 FY 7RF AT 20 em FA 9] FHAAH S A7|H A FE phase 37HA= 719
7 Qo) HF 95 Y o] %9l phase 45-F F71el7] Al &S} Fig. 49 *}o]
&L BSF phase 2, 5 12 95 FY o] F-o] A AVMA G LEE VIF 2R T A}
golB R o] RO ¢k A5 12k R T o] Fell= ¢Als] E3te FHd =

o2 o2 FE

20079 HFH 3 - TR 29 AEAY 237



Ask5 2 N E AL A 43Y Ao)w A I 37

A olaligt 4= At} o]y sk AN ZHE o] FHAAH A5 homogeneous matrix flow
GAef stz Ao 34353 T homogeneous matrix flow 9915 F 33t 95+,
4] ] F-4-F phase 374 o=, U TR ZHE 25 A T3 (BH-04) FF O ehubat
D18 2= G2E it clgAA Aoe AU, o2 AUE s n b T

Aol PN A7NAEES Fobrl Bl 45 AFF PFOE FYHE PPO
G & 4 51T, Phuse 3 01Tl o BARELA 8 o] bt FolHo1E o
ANAEEE ASHon Z7hshs A4e B2 & Ak old e Aol el
FRHE AYES A G 5 BFo] £H0] ol S5H B3 PP

AAVEF Qe o]y e A o]Fe AALA =9 AAWES u}E lateral flowol
3l ¥ th(Walter et al., 2000; Kim et al., 2004). 2}o] G7; Fig. 4ae= 7] DA A=
AEA QB lateral flow F9& meh d$ wME KR HZHow o]Fdol,
HEHOFE A3 BH-04Z Wt PSS AAMEY &’AE}. o APEE NS

o] Eoke AF o] F Qg 0w FAG Foluw Tl Ednth A4 o F5Ao|
ke AR E A ol g 5 AUtk
T .

0.5 0.7 1.0 14 20
Resistivity ratio

Bip4 05 10 1BH-05 BH:p4 05 10 1BH-05
0o % - ’ 0

Fig. 5. Resistivity changes of Phase 3 (a), Phase 4 (b), Phase 5 (c), and Phase 6 (d) expressed in
terms of the resistivity ratio between each phase and Phase 2. Time-lapse subsurface
models for calculating these images are the ones by inverting the time-lapse data
individually based on the time-invariant static model.
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Fig. 6. Difference of the resistivity distribution between starting and ending the measurement of
Phase 2 (a) and Phase 6 (b).
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Fig. 7. Change of the resistivity of cement mortar specimen with curing time.
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Table 2. History of resistivity monitoring

Monitoring Phase

Acquisition date

Grout injection condition

Phase 1 04 Feb 2006 Pre-grouting
Phase 2 17 Feb 2006 Start of grouting
Phase 3 07 Mar 2006 During injection
Phase 4 04 Apr 2006 During injection
Phase 5 05 May 2006 Post-grouting
Phase 6 07 Jul 2006 Post-grouting
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Fig. 11. Difference images of Phase 2 (a), Phase 3 (b), Phase 4 (c), and Phase 6 (d). Horizontal
and vertical axes are the distance and depth in meter, respectively.
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Fig. 12. Difference images of Phase 2 (a) and Phase 4 (b) of the Line-4.
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