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Electromagnetic methods (EM)
Continuous

Transient

Passive

Active

Very Low Frequency (VLF)
Radio Magneto Telluric (RMT)
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Frequency (HZ)  Real(ppm)  Quadrature (ppm)

900 140 289
Algorithm
Information Depth (m)  Resistivity (ohm-m)
Mundry H-Mundry R-Mundry
335 236
Sengpiel O-Sengpiel R-Sengpiel
3790786679 22 73956854
Simean D-Simeon R-Simeon
79.6 22 73956854
lMeng H-Meng R-Meng
4573802154 2324043395
Reformed
Sengpiel HC-Sengpiel RC-Sengpiel
3790786679 22 73956854
Reformed
Simeon HC-Simeon RC-Simeon
79.6 22 73956854
Differential D-Diff R-Diff
98.32843018 22 73956871
Skin depth-
Amplitude-
Fhaze ratio da-AED R-AED
-04 22 73956854
Phase ratio-
Amplitude HEA-Bird R-EA
36 22 73956854
Skin Deph-
Amplitude HSA-Bird R-5A
204 2273956854
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Frequency (HZ)  Real (ppm)  Quadrature (ppm)
3600 624 17

Algarithm

Information Depth(m)  Resistivity (ohm-m)

Mundry H-Mundry R-Mundry
12.1 16

Sengpiel D-3engpiel R-3engpiel
15.87 5.98

Simeon D-5imeon R-5imeon
25.31 5.98

Meng H-Meng R-Meng
14.42 324

Reformed

Sengpiel HC-3engpiel RC-3engpiel
19.86 194

Reformed

Simeon HC-3imean RC-3imeon
24 .66 194

Differential D-Diff R-Diff
16 194

Skin depth-

Amplitude-

Phase ratio da-AED R-AED
43 135

Phaze ratio-

Amplitude HEA-Bird R-EA

43 135

Skin Deph-

Amplitude HSA-Bird R-3A
448 18.79

VAAE) 5,0le poo Joe (g5lumsSns gl : (Y-8) IS

BGR ;5 53lwsSite gyl s ol dunylia-Y-Y-5

453 35 50 1 33 d9zge Slalile i 5l ol @l 5 oad >k asliyy I ol @l (oo dnglie ol

ol 0L 00)5\



Solgitian &l 505 5o Azmein sl sSrncilisea sl s iy lie i s

(Blwy oybgy) ¥ Y oy Joo ()

gh oo 48,8 a3 5 (V-F) Jgoo Slasin LY ¥ ey S ulal ol

GilossSas plol gl oo 43,5 L5 5 a¥ 5 e laseie : (1-F) Jgom

Cualbes o9 Cuoglin ay

f. Y. \

o0 b - \

S5m F0e 5 A A e (BFcee lS3F Jals il slauilS B g e Yo oy glis)|
J5i yo aiib oo (HCP) 3B j9ome 08 & j90 a3 b pum 62518 IS5 5 50 A lagn e abolc
ol 00y 0351 o5 Sl sl pogSno 4y bgspo ol (F-F)

i 50 3,10 3gzg adgl Jaw o aS LioliEl aigy canl astine (Y-F) SO 0 aS 4sS len
Iy adgl Jow Glg Ken slapiy jsSl aS Culils ax g5 Wl 00 )5 o cdalive 18 wsSas slagile Jow
2 (oo aled (295 4 ol Y o
iy glo Doz S g oolitul TilE i 5wy Gos" (Ren lugusSae a8 2l o (B)b
oiles 59 o5 S ol (B 5100, 5 e Soo s ash i slapi )58l slaclsx 4 sl sdel o
Ao oo Ol ) Slen g et pas Alas 93 4 5 e A BB Sl elis)|
Lo 1, BGR 5loasl s ay sl Slyz L 1y Bl o 5y Jgans epSins 5 (3o Joo sz
SIS e & | s Dy 35 550 4ty (it s X el b atin
ol ade 053 oo i an bagaly 55 Wy, pas 5 (Sabeal S il () 5o (Bb
g gl )0 e Hlade (i pae (pizren g o3liinl 3 50 (Sla S B olaal (09 05 4 WS o
Bl 35 Jge Bes Ly
by dloml o (il Res (g, )0 358 Fge Ges 385 sl poe muildpe o5 AigS lea 4l
Sy5=0 S ,log05 angd )0 (S ds pas Jdo 4 oS wged o Gz Olgise 55 (el 51005 (o0 gl

Sl 00l ooyl  Kialeal (pl 3985 S0 Goe 8L Cz LS



Frequency (HZ)

56000.00
1800.00
900.00
450.00

Algorithm
Information
BGR

Sengpiel

Simeon

Meng

Reformed
Sengpiel

Reformed
Simeon

Differential

Skin depth-
Amplitude-
Phase ratio

FPhase ratio-
Amplitude

Skin Deph-
Amplitude

ol &5l 6 S i L maSanciliie sla g g Lo e

Real (ppm)
2647 .14
28952
116.99
4078

Depth (m)
H-BGR
473
2715
42 12
67.56
D-Sengpiel
494
30.00
4117
G2.03
D-Simeon
9.41
57.14
89.69
140.53
H-Meng
19.58
2320
2173
15.99

HC-Sengpiel
4 94
30,00
39.32
44 22

HC-Simeon
9.41
AT.14
20.00
114.29
D-Diff
15.33
41.05
82.55
107.24

da-AED
6.40
3.20
5.60
1.60

HEA-Bird
38.00
38.00
38.00
28.00

HSA-Bird
26.40
24.80
30.80
34.00

Cuadrature (ppm)

1064.67
562.20
350.09
197.92

Resistivity (ohm-m)

R-BGR
19.83
26.53
3320
42 08
R-Sengpiel
19.58
2320
28.07
31.58
R-Simeon
19.58
23.20
28.07
31.58
R-Meng
5.43
3299
46.99
73.18

RC-Sengpiel
19.58
23.20
2274
2320

RC-Simeon
19.58
2320
2274
23.20
R-Diff
19.58
24 .56
21.82
26.15

R-AED
31.52
56.15
90.96

126.33

R-EA
31.52
56.15
90.96

126.33

R-SA
20.60
26.91
2274
31.58
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Frequency (HZ)
56000.00
1800.00
900.00
450.00

Algorithm
Infarmation
BGR

Sengpiel

Simeon

Meng

Reformed
Sengpiel

Reformed
Simean

Differential

Skin depth-
Amplitude-
Phase ratio

Phase ratio-
Amplitude

Skin Deph-
Amplitude

(V-7) Jgoz ¥ 95 (e ilwmeSae gl (F-7) JSo

ol &5l 6 S i L maSanciliie sla g g Lo e

Real {(ppm)
1336.00
130.40
T6.15
41.31

Depth (m)
H-BGR
10.62
48 28
G1.14
T8.11
D-Sengpiel
13.07
44 .47
53.99
60.65
D-Simeon
20.67
54 .80
107.20
139.73
H-Meng
16.15
50.99
73.18
98.78

HC-Sengpiel
8.00
51.32
5579
60.65

HC-Simeon
21.05
85.00
122 29
166.40
D-Diff
3377
GE.05
107.24
13598

da-AED
3.20
2.00
4.80
3.20

HEA-Bird
38.00
38.00
38.00
38.00

HEA-Bird
33.20
38.00
34.80
33.20

Cluadrature (ppm)

1068.00
197.40
132.30

8562

Resistivity (ohm-m)

R-BGR
101.58
3551
2918
25.65
R-Sengpiel
61.41
45 48
3553
31.58
R-Simeon
61.41
45.48
3553
21.58
R-Meng
¥8.89
3517
31.97
3254

RC-Sengpiel
97.99
45 48
46 41
45.48

RC-Simeaon
97.99
45 48
46 41
45.48
R-Diff
a7y 99
35.52
52.320
42 96

R-AED
15721
26.91
18.79
1777

R-EA
16721
26.91
18.79
1777

R-SA
122.40
126.33
90.96
71.06
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Frequency (HZ)

56000.00
1800.00
900.00
450.00

Algarithm
Information
BGR

Sengpiel

Simeon

Meng

Refarmed
Sengpiel

Reformed
Simeon

Differantial

Skin depth-
Amplitude-
Phase ratio

Phase ratio-
Amplitude

Skin Deph-
Amplitude

(Y-7) Jgaz Slaseino b a¥ ez e (55l wsSae 5l Jool> ool Coway gl

Real (ppm)
1741.03
T75.54
55.00
3366

Drepth (m)
H-BGR
5.99
58.38
70.97
B6TT
D-Sengpiel
9 .95
55.19
59.00
53.15
D-Simeon
15.90
108.00
122 29
160.00
H-Meng
12.82
65.74
84 .95
115.47

HC-Sengpiel
6.1
55.19
589.00
G423

HC-Simeon
16.67
108.00
141.33
204.00
D-Diff
26.37
68.19
121.26
164.00

da-AED
2.00
.60
G.40
8.00

HEA-Bird
38.00
28.00
38.00
38.00

HESA-Bird
33.20
31.60
26.40
38.00

VY.

Cuadrature (ppm)
1428.80
156.55

98.33
BE. 34

Resistivity (ohm-m)
R-BGR
88.48
68.65
3728
28.20
R-Sengpiel
3565
71.06
46 .41
45.48
R-Simeon
35.65
71.06
46 .41
45.48
R-Meng
51.52
47.19
41.94
71.06

RC-Sengpiel
61.41
71.06
63.17
71.06

RC-Simeon
51.41
71.06
63.17
71.06
R-Diff
51.41
477
41.06
96.70

R-AED
168.24
71.06
2274
14.04

R-EA
168.24
71.06
2274
14 04

R-SA
58.93
126.33
14212
126.33
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Frequency (HZ£)

S6000.00
1800.00
900.00
450.00

Algarithim
Information
BGR

Sengpiel

Simeon

Meng

Reformed
Sengpiel

Reformed
Simeon

Differential

Skin depth-
Amplitude-
Phase ratio

Phase ratio-
Amplitude

Skin Deph-
Amplitude

ol &5l 6 S i L maSanciliie sla g g Lo e

Real (ppm)
174512
24 40
13.44
867

Crepth (m)
H-BGR
6.98
8383
109.29
133.05
D-Sengpiel
10.54
64.11
70.07
G4.81
D-Simeon
15.12
165.60
205.60
266.67
H-Meng
15.03
8258
121.07
153 96

HC-Sengpiel
416
49.31
54 33
G9.86

HC-Simeon
16.33
133.33
200.00
268 27
D-Diff
25499
79.35
164.00
217.30

da-AED
5.60
0.80
3.20
0.00

HEA-Bird
35.60
35.60
35.60
35.60

HSA-Bird
33.20
30.00
30.80
30.00

Cluadrature (ppm)

1424 .66
156.11
81.21
4375

Resistivity (ohm-m)

R-BGR
87.93
25964
190.01
119.91
R-Sengpiel
20.05
181.92
142 12
126.33
R-Simeon
20,05
181.92
14212
126.33
R-Meng
43.81
9392
105.66
126.33

RC-Sengpiel
5893
126.33
142 12
126.33

RC-Simeon
58.93
126.33
14212
126.33
R-Dniff
5393
175.10
193.40
193.40

R-AED
147.23
1136.98
568.49
126.33

R-EA
147.23
1136.98
568.49
126.33

R-SA
58.93
126.33
14212
126.33
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—6.76671159511e—14 3.39808306830e—13 —7.43411880153e—13  8.93613024469e—13
—5.47341591806e—13  —5.84920181906e—14  5.20780672883e—13 —6.92656254606e—13
6.88008045074e—13  —6.39910528298e—13  5.82008012530e—13 —4.84012700478e—-13
3.54684337858e—13  —2.10855201368e—13  1.00452749275e-13  5.58440057721e-15
—5.67206735175e—14 1.09107856853e—13  —6.04067500756e—14  8.84512134731e—-14
2.22321981827e-14 8.38072230207e—14  1.23647835900e—13  1.44351787234e-13
2.94276480713e-13 3.30065005918e—13  6.17024672340e—13  8.25310217692¢-13
1.32560792613e-12 1.00049061267e—12  2.93458179767e—12  4.33454210005¢-12
6.55863288798e—12 0.78324010827e—12  1.47126365223e—-11  2.20240108708e—11
3.30577485691e-11 4.05377381480e—11  7.43047574433e-11  1.11400535181e-10
1.67052734516e—-10 2.50470107577e—-10  3.75507211630e—10  5.63165204681e—10
8.44458166896e—10 1.26621795331e—00  1.898665613509e—-00  2.84693620927¢—00
4.26886170263e—00 6.40104325574e—-00  0.59708498616e—00  1.43018031885¢—08
2.15798696769e—08 3.23584600810e—08  4.85195105813e—-08  7.27538583183e-08
1.09090191748¢—07 1.63577866557e—07  2.45275193020e—-07  3.67784458730e—-07
5.51470341585e—-07 8.26016206192e—07  1.23991037204e—06  1.85921554669e—06
2.78777669034e—06 4.18019870272e—06  6.26794044911e-06  9.39858833064e—06
1.40925408889¢—05 2.11312201505¢-05  3.16846342000e—-05  4.75093313246e-05
7.12354704719¢—-05 1.06810848460e—-04  1.60146590551e-04  2.40110003628¢—04
3.50081158072e—04 5.39658308018e-04  8.08025141201e-04  1.21234066243e-03
1.81650387595¢—03 2.72068483151e-03  4.07274689463e—03  6.09135552241e-03
9.09040027636e—03 1.35660714813e—02  2.01692550006e—02  2.98534800308e—-02
4.39060607220e-02 6.39211368217e—02  9.16763946228e—02  1.28368795114e—01
1.73241920046e-01 2.19830379079e—01  2.51193131178e-01  2.32380049895e—01
1.17121080205e—-01  —1.17252913088e—01 —3.52148528535¢-01 —2.71162871370e-01
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—1.40667136728e—05 7.33363609547e—06 —3.75638767050e—06  1.86344211280e—06
—8.71623576811e—07 3.61028200288e—-07 —1.05847108097¢—07 —1.51569361490e—08
6.67633241420e-08  —8.33741570804e—08  8.31065906136e—08 —7.53457000758e—08
6.48057680200e—08  —5.37558016587¢—08  4.32436265303e-08 —3.37262648712e-08
2.53558687008e—-08  —1.81287021528e-08  1.20228328586e—08 —7.10898040664e—00
3.53667004588e—00  —1.36030600198e—00  3.52544249042e—-10 —4.53719284360e-11
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1.8755655636%9e—05
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2.66903777685e—03
2.01097829218e—-02
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2.41655667461e—01
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1.48273761923e—-02
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—5.40549161658e—-02
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5.37143591532e—-02
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1.41510519002e—01
1.83820713749e—03
7.88220202853e—06
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1 .
Reflection factor

2 .
Normalized wavenumber
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Abstract

The calculation of apparent resistivity, based on the model of a homogeneous half-space,
is commonly the first step in order to evaluate helicopter el ectromagnetic (HEM) data.
Severa algorithms for deriving enhanced resistivity—depth profiles, which are more
sensitive to resistivity variations with respect to depth, are presented. These algorithms
have been devised in two domains, time and frequency. Some simple methods for this
purpose are Sengpiel's algorithm (1988), Siemon's algorithm (2000), Huang & Fraser
algorithm (1997) and reformed Siemon's method (2000).

So, in thisthesiswe try to explain some airborne el ectromagnetic algorithms and describe
them, to know which one is the best. We try to say some benefits and blemishes
whichever. We aso, devise two free softwares, forward and inversion, for solve these
algorithms, because no free software was available.

We plan them with Visual C# 2005 and SQL-SERVER 2005, al codes are free and you
can change them every time you want.

All result have been attained with these softwares. At last we understand that Siemon's
algorithm is better than other, and when we have more than 4 frequencies the
Differential's algorithm has the best depth result. Also the Homogenous's algorithms has
the worst result for inversion HEM data, and Pseudo layer algorithm is more better than
homogenous algorithms.

At long last, these softwares are in initial stages, and we hope to plan perfect software in
the future.

Key words. Algorithm, Helicopter electromagnetic (HEM), Pseudo layer, Homogenous,
Resistivity
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