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SUMMARY Galvanic Effect: Grounded wire and prism in a half-space
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projection of the vector basis functions N;,, and N;; on LYY [ 50 2) The enlarged cross-section of the central part of the the tetrahedral mesh. 3) A comparison of the x-components of the real and imaginary parts
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Efficiency of the method: Magnetic dipole and a homogeneous half-space

Air 1078 S/m m In phase Quadrature
1) ¢ e 3)
Ground 0.01 S/m '
VMD - 1 kHz
40 - !
&
< 20 :
N
T 0 e |
-10 1 R
—20 . . =
0 25 50 0 25 50 =
S
| 10 kHz 20 - | 10 kHz
40 - i & xm“x,}'%x"
— 10 - - : '
X >
S 20 _/—‘§\— 0 m
g | !
s 0 A !
_10 . B
—20 | | e e
0 25 50 0 25 50 C)” e e SN ) W) 5 = am |
, , _10 ] ’:"E;E;EV‘, : ;’; 1\"::"":’ 7 77 (‘ »’/f: N Ro\ L _10 i v B
650 300 0 300 630 ookt 2V 100 Kz Pas Sorn emeenie T TV e s e
X 40 A e - SRR : Rt s S :
4) (m) — 3 10 - - _ | St SR | ot i !
Real sy < 20 - st = T L0 U | S AR B -
104 [ T R R [ T N M N 0 A *5 X - L 0+ ;7 SATANT 7S e S 0 - Y U B
o° _ | . | . | | . | . | T 15327 N s coan L 1 - gt B vkt = -
a) aX A Analytic b) &% PR ~ ~ N bbbttt ~M . 0 A i P~ | R S~ NIty prl Rt 3 T 2 = |
-5 | 3Hz * Decomposed FE 3 Hyz ° ?2:7:' ; BhARANAAR PPN 1 —10 A - i | SEl IS i
107 O O O E-field FE i oi 20 —100 Ay =~ —100 A ;r;;;:::;::::::::::::::\ - —20 . .  ARULR 4R il 1 ARSI P |
L4 A rrrroninhNNNNNNN B raaiNNNNNN 0 25 50 0 25 50 10 iR ez 10 7 ~ : i
1076 - » [ 10710 Yrvrrrrs NN & -rvrrrr/////‘<~:::ttttt“_ T NE PSR (AR - 1 -
£ S % s I SN Y ' 20 ' Nt - |
= A A NN PXY VY PP rs227% 200 kH 200 kH S S
> . £ oA A T oIS ] 40 - e om0 K1 00 kiz 0 20 30 40 10 20 30 40
— 1077 PY Y YT YV ANSZAA LR bbb A VYN Y NN~ bddddah ) ~ 10 - -
T SEARAPR OO NNSASSI I SO B BERRROS NN B I AT N
I ERR R RN DRI E | PR DN P DI I N 20 - - —— e o
_ AANA A== r s A AL LA N\~ rrr s/ 11 N 0 | '.a“"" “*xg% B i | 7777 oL
108 VAN A== rrrrrd s} VAN AN~ rrrr sl ] 4 o= ) Z RN
100 4 VIARASIIIIIIIIIIIIUN I 100 4 AN IIII I I Tl L = 0 - - m 1° [ N[
—11 “\"\:::::: ”””” rrrrrrd 44 N \::::: >>>>>> I A m”'x“ B owwer? _10 ) i _10 ] ' wm
10 R N e r 44 R 7 > ™ | ] |
10—9 VA NS e e Vf/f//l/ >>>>>>>>>>>> Al _20 | | A N N
| I I 1 ! I ! I N NN
— | . — . ~100 0 100 ~100 0 100 0 25 50 0 25 50 — \
~400 200 0 200 400 ~400  —200 0 200 400 | 0 | & 0 i
e . | | . | . | 400 kHz 400 kHz ; ;%
a A A T A 44 7>\ M) 5 - » =
| | | | | €)M S IR d) im -~ ¥ > 10 - -
D —100 477 AT iy 100 Soats - S 20 - : e
10 4 300 Hz e O NN L TN LIS~ L DS an) 0 \/"/\/ 107
AR R I R VY PPV L BB DESNSENN 0 A -
2R O PRI NG Y A4S R DR NN . . -
R R N b T LR et E IRANING ot | 710 | ' ' ' ' '
_ L (IS SNNNNONNee 555 PYE S | MM AR AR RSN IR AR R RNE R & —20 . . 10 20 30 40 10 20 30 40
£ 1077 NI IR PNt s555555 54/ LNERSRSE=EAT AR E I b 0 25 50 0 25 50
S ORI Vs AA A4/ PSRN =TS A LY X (cm) X (cm)
= 20 s er ooy WS on e
= o Q&s\ _:::::1::13:::;22522222222_ | NN ;\:\:::Z’ : ] — | : —
10 rs) 100 fFosiaaanamaan ’ 100 SN —1 0 1 2
N AN NN NN A7 =77 7 7S N\ -
r'W PNl 55A444 log: E (V/m)
N NV, : 0Z10 m
A I I I I I I . . . . . . . . .
oA, ° A F —100 0 100 —100 0 100 Figure 5. 1) The geometry of the graphite-in-brine model. The 20 cm apart transmitter-receiver pair is in free space and moves at 2 cm above the
- - - —— | | | . . . surface of the brine. 2)The enlarged xz cross-section of the central part of the tetrahedral mesh 3) The responses for the cube-in-brine model.
~400 200 0 200 400 ~400 200 0 200 400 PP PPN A yYTTIERRR RECAOYY : . 11 : : : :
5) O EPPPPPUEBEEEENNNNN (< ) prroreem— SIIim The dotted data are the FE solutions; the solid lines are physical scale modeling measurements from Farquharson et al. (2006). 4) The inductive
b ¥ vy < ~ LA A A A PP PP bt tw=<~<" ~> %% : h:
U Ao rrrmnniNNNNNNNNN I LU Ao orrnhiNNNNNNN ¥ part (a and b), galvanic part (¢ and d) and total electric field (e and f) for a frequency of 100 kHz.
VI s ARARRARRARA ISy Y YRR AR ARARARRRR
1 R R R S My Y 1177000002222T338 0 |
AR A NNNNN S R A NN
1074 4 a) — Decomposed solution |- 1072 o b) _’é\ rrre ,,:;:I\I\ \ AL HH;;‘;?;:,‘\SEEEEEHH . . . . . | . | . | | | |
— E—field soluti N\ drvvvvvvvrevre2 i i F Jrvvyvvyvryrrsy - | CCTTIIIIIITICIIIIIITIININIINY
R el solation o | 00H I eSS S PSR H B E AR RS C SIS ER A Combination of inductive and galvanic effects: a) e by:ii: Siim
| u BRR NNSSAAA BERRRR RSN “ i I 15 SIS
R SR SN s S E AR LY T
g 1o® | 107 - RN N2 NNNNNNNNNuaa s DY
) s \nmm=rrrrrl /4] 1 RN e aanaaaaAAAAEs I fﬂffz’iﬁiiii;fEE;ES:?(Qi\: i
= . 100 AANNNANS == 7 100 RS 100 - - 100—1;?;;;;;;1;;; NNt s
5 5 : N NNNIIIIIIIIIIILL L A A = | i NI
_g 10—10_ B 10 t:\::K\i :‘:urr o 77 \:\\\\\\ »»»»»»»» rrrr s AL é ‘Hgghfﬂ \;§v§!‘§
Z o T ' T ' T = T ' T T N f:i:;?f :}'”f
. 10710 4 - ~100 0 100 ~100 0 100 T HHT
102 ! X (m) X (m) | ‘ m
10—14_ - ] - B ] R T = |
- I [ — | E— 200 200 S
10716 L B L L A LR B L B L L A LR B 12 -1 10 = -8 ! ! ! ! —— ' !
0 2500 5000 7500 10000 0 2500 5000 7500 10000 log,, E (V/m) -100 0 100 -100 0 100
Iteration number Iteration number
] ] ! ] ] !
. ST . . . 0.001 S/m STRERTRNRR
Figure 2. 1) The geometry of the homogeneous half-space. A small electric dipole source is located on the ground-air interface. 2) The entire c) e d) i i iﬁ i{ h
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In the first example where a magnetic dipole is used a good agreement between the results from the FE approach presented in this study and the analytic solutions are observed. For the second example, a line source of adiAaaazE TN iy TS
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