User instruction

for performing synthetic modeling in XYZ using the
LOTOS code for passive source tomography

/

5
AAAAA

A
A S
A Anﬁud;p mping *

0 200 400 600 800 1000 0 200 400 600 800 1000



General workflow:

1. Defining configuration of
sources and receivers in
3D; fixing the source-
receiver pairs

2. Defining the synthetic
model (reference 1D model
+ P and S anomalies)

3. Computing synthetic times

4. Performing inversion using
the LOTOS code

5. Visualization of the results
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Preparation stage:

1.In this manual, the SURFER software will be used as
a basic tool for digitizing and visualization.
Alternatively, other free tools are available in the code.

2.Copy the folder “LOTOS_11_release” to any location
of the computer. The structure of the root folder is

presented below:
| d-\SCIENCEALOTOS\LOTOS_11\LOTOS_11_MANUAL\" * EJH

Tan Twn Pasmep [Hara A
| DIFS 5,03 2011 1336 —
Iy COMMON <DIR> 25.03.2011 13:36 —

I DATA <DIR> 25.03.2011 13:36 —

ol Iy PROGRAMS <DIR> 25.03.2011 13:36 —
jdl_aﬂas dat 174 20032011 21:16a—
| moded dat 26 20.03.2011 22:16 a—

preview key txt 1 18.02.2009 11:49 a—

jSTAHT BAT 53 20032011 11:50 a—




Preparation of a new model:
1. Open the DATA folder

2. Create a clone of the area folder XYZ_DAT1 using the CTRL+C
and CTRL+V keys.

3. Rename this new folder (for example, MUD MOD1). Note that
the folder name should contain 8 characters.

dASCIENCE\LOTOSNLOTOS_11\LOTOS_11_MANUAL\DAT/ | # ||+

|Tll'hu:| Tun Pasmep [lara ATpub
L <DIR> 25032011 1347 —

GIGED DATY e e el
LeaMUD_MODT i <DIR> 25.03.2011 1347 —

XYL _DAT1 <DIR> 25.03.2011 13:36 —




Design of the model:

The model can be drawn manually and scanned or designed in any graphical editor
(Corel, Surfer). Then it should be imported to Surfer as shown below:

"
B Surfer - [design_mud_injection®] ‘

SE File Edit Niew Draw Arrange Grid Map Tools Window Help | -
DESHIRB ¥ walscR. [ hORRQARHA[0 24 [[TO~ 4000 ]
X 0 =Yoo =W o 2l 0 BIEDEEF RS B
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Click=select; drag=block select; double-click=properties; shift=click=multi-select; ctrl=click=dig |Nuthing Selected |X=46.59125, ¥=-355331

24,70 em, 5.72 cm




Digitizing the synthetic model:

First, define the coordinate system. Keys Map — New — Empty Base Map :

_
Y surer: desion rad e TR ‘ .

SE File Edit View Draw Arrange Grid | Map Tools Window Help Jil!ll
NHEHIRB] 4 0| < <7 oo v [T o~ #500.

¥ 0 2y o0 2w Add 4 Empty Base Map... St @ .

Object Manager  ®| X[ | 4] Piot1 design_ - Digitize T T bl

LEJ_LMJJML[L 2+ Trackball Post Map...

- B8] iComposite:
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..... R[] Rectangle Edit Post Labels...
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ygor Export Cont -Gri T i
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----- <) Polygen
----- F<) Polygen




Digitizing the synthetic model:

Define the coordinate limits of your system. Note that here, the underground area is
negative, and positive direction is up. :

e R T —— (= e
ﬁh File Edit View Draw Arrange Grid Map Tools Window Help Aﬂlﬂl
NESHARB[x valsc 2. [thoacaaBEd|vek  [[TO~4000-

|| % o =¥ 0 =l w0 = W0

HloPBEEG e @ -|

[ ] Rectangle
[A[ ] Rectangle
#¢) Polygon
#¢) Polygon
W) Polygon
W) Polygon
¥ Polygon
#¢) Polygon
¥ Polygon

|| Object Manager @] %] | 4] - PiotL” design_mud_injection* | MUD_MODELS_1_2 3_vert | syn_models | Ed
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Digitizing the synthetic model:

Scale the appeared coordinate system to the limits of the model :

_
K Surfer - [design_mud_injection] ‘

SL File Edit View Draw Arrange Grid Map Tools Window Help Aﬂﬁl

NEsHIRRB| ¥ @9 o m;swaaaaﬁzﬁ,w@w JItTa~4ooo.]

¥ -0.398653 -l ¥ 3015898 -] W: 19.209249 ! H: 15733404

Object Manager 1| X[ | ¢ /? design_mud_injection* | MUD_MODELS 1_2_3_vert r syn_ models] bl x|

=M .{:3 7 h 3 : B 0 = E P o
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l WY Base

&-FE] Composite

----- B Ellipse

(| =-Of3 Map

&0 Map

----- B[] Rectangle

----- [ ] Rectangle

..... a Polygen

----- M) Polygen

..... a Polygen

..... C:j Polygen

|| M) Polygon

..... C:j Polygon

..... a Polygen

----- M) Polygen

.|.|.|.ﬁ. m F.|_":'




Digitizing the synthetic model:

Select the new coordinate system and use menu Map - Digitize:

_
b Surfer - [design_mud_injection”] -

NESHIRB| X 2@l

¥ 0398653 =! Y. 3.015898

Hw

Object Manager ﬂﬂ ﬂ

—
—
L+

S
R Right Axis

;
AT Base

B-ME] Composite
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DE:} Map
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@[] Rectangle
-] Rectangle
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@) Polygon
a Polygon
@& Polygon
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Add
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Digitizing the synthetic model:

Then click along boundary of one of the object. A window with digitized coordinates

appears:

-
m Surfer - [design_mud_injection®] —

D L P Y

SE. File Edit Wiew Draw Arrange Grid Map Tools Window Help .:J.@.jﬁ

[hEsHddRB| @@ (2. s hoQaqamd|oes. [ [To~+000.]

||% 0308653 i v 3015898 =l W 19.209249 Ho15733404 2 |||C7 B G et @ -

Object Manager  #] X| [4] PlotL) design_mud_injection® | MUD_MODELS 1 2.3 vert | syn_models DE|
LG GG E L RL L L EL LB LR Bl L CELLC L L LR, G CEL LR R FELLL R LLLEELLLERLLLEELY

#. Digitized Coordinates - digitbln

File Edit

5215 687090526,
6:364.525449514,
7496057022573,
8i602.359095331 .,

60.3182362354
50.1210957144
44 .1148114017
42 . 0893832975

52.2165238186
52.2165238186

9705 .469132311 .,
10798 .925776327,
11i897.574456121, 56.267380027
12:994.492457322, 60.3182362354
13:1072.372994, 46.1402395059
141113 .90928023, -8.54631730785
151101 79453008, -57.156593809
161051 .60485089,. —-77.4108748511
171008 .33788607,. —-75.3854467467
18 754.686849686,. —67.2091624343
19:895.843777528,. —61.2074500174
20:833.539348184, -55.1311657048
21769 .504240248, -53.1057376006
22698 .54641794,. -53.1057376006
23624.127238446, -57.1820219132
24553.169416138, -71.3345%05385
25461 .443450715, -73.3600186427
26:364.525449514, -71.3345705385
27276 260841277, 652583062257
28189.726911633, -65.2583062257
29:99.7316248034, -71.3345705385
30:27.0431239025, -77.4108748511
31:-31.7997482554, -71.3345705385
32-94.10437759%1, -53.1057376006
33

-

1 |l

| E




Digitizing the synthetic model:

In the “digitized coordinates” window click menu File — Save As and save the file with the
current polygon to the true synthetic model folder: DATA/MUD_MOD1/true_mod/forms.
Note that the length of these files should be 5 symbols. Before starting digitizing a new
polygon, do not forget to close the previous window.

E Surfer - [design_mud_injection®]
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1| Digitized Coordinates - digitbln

File Edit

5:215.687090526 .
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5] Save As
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1
!

& )=[) « pATA » MUDMODI »

true_mod » forms

Search forms

- 4
-

Organize »
3 Documents
J‘. Music
= Pictures

B2 videos
*& Homegroup

1M Computer
£, Local Disk (C3) |
= Local Disk (D:) '
|

&h MNetwork

MNew folder

Date modified Type

02.04.2008 11:26
02.04.2008 11:26
02.04.2008 11:04
02.04.2008 11:27
02.04.2008 11:27
02.04.2008 11:25

BLM File
BLM File
BLM File
BLM File
BLM File
BLM File

Size

1KB
1KB
1KB
1KB
1KB
1KB

The existing in the template files
can be deleted or overwritten

File name: |a)r_1|

Save as type: ’Boundary Files (*.blIn)

“ Hide Folders




Digitizing the synthetic model:

In the presented case, after digitizing all features, the folder “forms” will contain six BLN
files :

rﬂ Surfer - [design_mud_injection”] ‘ — — T
d\SCIENCE\LOTOS\LOTOS_11\LOTOS_11_MANUAL\DATA\MUD_MOD T\true_mod\forms\* * [ #)(~]
T

Wran Tun | Pasmep | Nara | ATpmBy Tl

QB File Edit View Draw Arrange Grid Map Tools Window Help

NESHIRB| ¥ 2a@d|9 o|12.

¥ 0398653 =l % 3015898 <! wW: 19209249 =] W 15733404 =

w-[AH+ Right Axis
HH Left fadis
He Top Axis
H+ Bottom Axis
- Base
-M18] Composite

----- M Ellipse

- <DIR> 25032011 14:22 —

t .
“lay_1 bin 772 24.03.2011 08-43 a—
Zllay_2 bin 1115 24.03.2011 08:44 a—

lay_3 bin 1112 24.03.2011 08:44 a—
lay_4 bin 1177 24.03.2011 08:45 a—
lay_5 bin 746 24.03.2011 08:45-a—
plum3 bin 2 180 24.03.2011 09:12a—

mEm .F.IT":IA

L
5

_

|/=-0L Map
w-0fd Map

----- @[] Rectangle
----- @[] Rectangle
----- <) Polygon
----- [0<>) Polygon
----- M<) Polygen
----- <) Polygon
' -M<) Polygen
----- F<3) Polygon
----- <) Polygon
----- <) Polygeon




Creating and visualizing the

Folder “true_mod” contains the synthetic model
data. Open file “DATA/MUD_MOD1/true_mod/a
shown below:

oo =d @2 @Y

] v |[ner_] 141 186 720 KB us 304 650 236 KE caobomio

synthetic model:

which is used to generate the synthetic
nomaly.dat”. Make the changes as

| !| ancmaly.dat - AkelPad

®ain Mpaeka Mowck Kogwpoekw Hactpobikw Cnpaeka

true_mod

seminars I *Total Commander XP | Dnminar.b/
CorelDRAW X3 SP2 | vert | PARIS_22_10_2008" |

dASCIENCEMLOTOSM OTOS_11MLOTOS_11_MANUALMNDATA'

scil

_MODT\true_mod™
Nara A

3 1 - board, 2 - horiz. anom, 2 - vert. anom

of anomalies

0. O. 1000. O.

number

Coordinates of the
vertical section:

1 Meam Twn | P lay_1 Figure
0o. 0. 0. D.
p 25032011 1347 — -5 -39
Jforms IR> 25.03.2011 14:22 — :Eeeﬁﬁfeeﬁﬁﬁﬁﬁﬂ-d—d—ﬁd—ﬁd—d—ﬂ-d— EEEEEE Xa, ya - Xb_yb
wJr:rm::mr:l],r dat 691 24 032011 0920 a— 0. 0. 1000. O.
NJHFLDH_PARF&H DAT 5018 18.03.2011 20:23 a— ;fl}fa? D'f1%L.JrE Name of the
_|ref_syn dat 90 15.02_2009 09:28 a— E R .
-600. &00. polygon which

0 Kb 1z 5 Kb. taiinos: 0 us 3

0. 0. 1000. 0. exists in “forms”
Tay_3 Figure

0. 0. 0. 0.

Not important in
this case

0. 0. 1000. O.
Tay_4 Figur

0. 0. 0. 0.

:znaf 600 P and S anomalies
lay_5 Figure

0. 0. 0. O

34 .

Z600. 600 Thickness of the

0. 0. 1000. O. anomaly across

Tum2z Fi . .

5. 0. 0.1%1“&/ the section (in both
-5 -13 . .

-150. 150. dlrectlons)

sl

1I5_1TTVLOTOS_11_MANUALNDATANMUD_MOD TMtrue_mod:>

4



Creating and visualizing the synthetic model:

Change parameters of visualization in vertical and horizontal sections. Open files
“DATA/MUD_MOD1/setver.dat” and “DATA/MUD_MOD1/setver.dat”. Make the changes
as shown below:

A [E=JFI =Sl = )= I 1aDFI QL FTH L= - rr [ Sy MY [ SRR E= PTG I\.UFH.P;I_"'NH PIHLIPJ’IWEIF-HDI \_Pgﬂrﬂ semrlda‘_ﬁkflpad | - -@ E:g
|| L} | EE(m PP A= : =
- - ®ain [Npaska [Mowck Kopwposkw Hacrpolikn Cnpaska
“ﬂ":][“"d”ée”ﬁég] gE.'j\ E 1 Mumber of different sections =
0 0. 1000. O. XA,YA - XB,YB ) o
[-d-] = |[ wer ] 141 186 720 KE us 304 650 236 Kb ceoboaHo E :D di stgagnce from secdticnn for wvisualization of ewvents
- *
seminars | “Total Commander XP | Downloads | science_ART e LU0 zmin,zmax,dz e :
== 100 marks for indication of position of section
CorelDRAW X3 SP2 | wverdt | PARIS 22 10 2008 | MUD_MOD1 MUSIC | |20 Distanse to the nearest node
— o Smoothing Tactor
:I:‘EI:IEIKZE\I.{TII)S\.I.{TIDS_1l\lﬂWS_II_HﬁHUﬂ:L\BATﬁ\HUD_mBI\_ E o If 0, no sources are visualized
TWsan Tun | Pasmep Iﬂma !An:wﬁ;m:l
X <DIR> 25.03.2011 1347 —
Cyinidata <DIR> 25.03.2011 1347 —
[Cyinimodel <DIR> 25.03.2011 1347 —
[C)MODEL_D1 <DIR> 25.03.2011 1347 — =
Citrue_mod <DIR> 25.03.2011 1347 — = -
|_|config tt 782 20.03.2011 1142 a— -

INFO TXT 322 20.03.2011 08:53 a— 1:1 iBCI'EEKE IWindows-llEl [ANSI) P
mjselfmr dat 168 24.03.2011 09:02 a— = — =
_|=etver dat 307 24.03.2011 09:19 =— ﬂ cethor.dat - AkelPad == E

j

@ain [paska [lowck Kogwposkw Hacrpofikn Cnpaeka

3 Number of depth slices -

300 500 700 Depths of sections

0. 1000. 5 -500 500 5 Limits of maps: X1,X2,dx, Yi,¥2,d¥

z0 distance from nearest node

o Smoothing factorl Number of summary

'l b

r3:55 iEcraaKa %MBMEHEH iWindows-llEl [ANSI) P
ﬂKBuleE.MmB:l]nsll ————— -'I_—- - : &

MOSALOTOS 11LOTOS 11 MANUALNDATANMUD MOD1> -



Creating and visualizing the synthetic model:

Go to the folder “PROGRAMS/4_CREATE_SYN_DATA”. Open file “create_info.txt” and
define the name of the area folder and a folder of a model used as a true one.

"d:mmmm_"“ﬂmﬁ_ﬂ_mmm_mﬁ_m_m;E] Hran | Tun | Pasmep [LNara J
THmn Tun iPaaﬂap Iﬂa'm |A1|::|ﬂ . !g
T <DIR> 25032011 1336 | & createinfotet - AkelPad ==
ICha_set_syn_hor <DIR> 25.03.2011 13:36 — ®aiin  [lpaeka [Mowck Kogwposkw Hacrpodkw Cnpaska
[Da_set_syn_ver <DIR>  25.03.2011 13:36 — MUD_MODR name of the area folder (& characters) 2
[b_synth_times <DIR> 25032011 13:36 — true_mod name of the Tolder with the "true" synthetic velocity
ICyb_xyz_synth_times <DIR> 25.03.2011 13:36 —
|Chcreate_xyz_events <DIR> 25.03.2011 13:36—

[Chcreate_xyz_synth_times <DIR=> 25.03.2011 13:36—
create_info txt 111 21032011 20:25-a—
ECHE&TE_NEW_D&TASET_}(YZ BAT 209 20.03.2011 08:31 =—
4 b
18 Bcraeka | \Windows-1251 (ANSI) e

o



Creating and visualizing the synthetic model:

In the folder “PROGRAMS/4_CREATE_SYN_DATA” click on file
“VISUALIZE_SYN_MODEL.BAT” and it will run the console:

@ Total Commander 6.03a - IS5 GmbH Heidelberg

@®ainn  BeigeneHwe  Haewrauma

LY

[c] rd] (o] (Do) g0

CeTb

[ ~|Lret_] 141 157 420 KB us 304 650 236 KE csoboaro

FTP  Bua Brnagen  Kondwrypauws

Pl B

MHCTpy M

“Total Commander XP |

Downloads science_AR’

CorelDRAW X3 SP2 | ver

| PARIS_22 10 2008 | 4 CREATH/SYN_DATA

dASCIENCEALOTOSALOTOS_ 11\LOTOS_11_MANUAL\PROGRAMS\A_CRBATE_SYN_DATA\"* a 1

[Cicreate_xyz_events
[Chcreate_xyz_synth_times
create_info

CREATE NEW DATASET XYZ

TWman Tun | Pasmep [dara ATpmby T
4. <DIR> 25.03.2f1117:13—
C)ja_set_syn_hor <DIR> 25034011 13:36 —

=

IC)a_set_sym_wer <DIR> 25082011 13:36 —

]

Cib_synth_times <DIR> 2%03.2011 13:36 —

=

b_xyz_synth_times <DIR> 032011 13:36 —

<DIR>
=Dl

25032011 13:36 —
25.03.2011 13:36 —
111 25.03.2011 14:54 a—
209 20.03.2011 08:31 =—
119 25032011 17:13 a—

A EN Clwindows\system32\cmd.exe
D:=~5CIENCE~LOTOS~LOTOS_11~\LOTOS_11_MANUAL~PROGRAMS“4_CREATE_SYN_DATA>copy cre .

1.dat

1 file(s>

A subdirectory op

C=nrEn X |

L

copied. L

D:=~SCIENCE~LOTOS~LOTOS_11~LOTOS_11_MANUAL~PROGRAMS~4_CREATE_SYN_DATA>cd a_set
D=~8CIENCESLOTOSN\LOTOS _11\LOTOS_11_MANUAL~PROGRAMS~4_CREATE_SYN_DATAa_set_sy

file ..N..n. ANTHP_filesshor already exists.

A subdirectory or file

Synthetic model in horizontal sections

ar=MUD_MOD1 md=true_mod

oo APIGENMUD _MODIstrue_modsS¥YN already exists.
1 fileds>» copied.

1 file{s> copied.

0 Kb us 0 Kb. dadines: 0 us 3

OTOS_11_MANUALVPROGRAMS\A CREATE_SYN_DATA>

| F3Mpocmos ||

F4 lNpaeka

[ Fokoma ||

A subdirectory op

A subdirectory or
1 filed{s>
1 file<s>
1 file¢(s>
1 file s>
1 file{s>
nref=
ar=MUD_MOD1
n_anomaly=3_
section:
npix_x=

1 dist=

1 file¢s> gupied.

nref=

ar=HUD_HMOD1 kod of anom.= 3
n_anomaly=3, : FREE UERTICAL AMOMALIES
npix_x= 500 npix_y= Lom
nfmap= 401 ntmap= 4m1
ilev= 1 =zz== 300 000n

ilev= 2 =zz== LO0.Donm

ilev= 3 =z== 700. 0000

D=“\SCIENCEALOTOSSLOTOS _11\LOTOS_11_MANUALNPROGRAMSS4_CREATE_SYMN_DATANa_set_sy
D=SSCIENCESLOTOSSNLOTOS _11MLOTOS_11_MANUALSPROGRAMSS4_CREATE_SYN_DATAcd a_set
D:~SCIENCE\LOTOSLOTOS _115\LOTOS_11_MANUALSPROGRAMS~4_CREATE_SYN_DATAMa_set_sy

file ..M. . ANTMP_filessvert already exists.

ar=MUD_MOD1 md=true_mod

file ..%..n. NPICESMUD_MODistrue_modS\SYN already exists.
copied.
copied.
copied.
copied.
gupied.

kod of anom.= 3
: FREE UERTIC%L ANOMALIES

1000. 00 252

500 npix_y=

nxsec= 251 nzsec=

D:z“SCIENCESLOTOSSLOTOS _115LOTOS_11_MANUALSPROGRAMSS4_CREATE_SYMN_DATANa_set_sy

D:~SCIENCE~LOTOS\LOTOS _11~LOTO0S8_11_HMANUAL~PROGRAMS~4_CREATE_SYW_DATA >pause
Press any key to continue . .

" -
-

R

1 |

[



Creating and visualizing the synthetic model:

In the folder “PROGRAMS/4_CREATE_SYN_DATA” click on file
“VISUALIZE_SYN_MODEL.BAT” and it will run the console:

Synthetic Vp/V's ratio, section=1A - 1B

Synthetic § anomalies, section=1A - 1B

Synthetic S absolute, section=1A - 1B

5 16 5 1.7 5 -20
1,611 1,715 -18
7,623 1,730 -6
1634 1,746 “14
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After finishing calculations, check pictures in PICS/MUD_MOD1/true_mod/SYN

Plots with the configuration of the synthetic model in hor and ver sections are presented



[

.

Creating and visualizing the synthetic model:

Same pictures can be created in Surfer:

1. open a new plot;
2. Open grid in: TMP_files/vert

b Surfer - [Plotd]
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Creating and visualizing the synthetic model:

Select one of the grd files (syn_dv 12.grd which correspond to velocity anomalies in 1st
vertical section for the S model). Initially it does not look nice. Apply a standard

palette and switch on the option “fill contours”:
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Creating and visualizing the synthetic model:

Click on contours in left menu. Menu Levels: Load. Chose the Ivl file in

COMMON/scales_Ivl.

To fill contours: Menu General — mark the option “fill contours”
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Creating and visualizing the synthetic model:

The result is presented below:

The other grids can be presented in a similar way.
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Creating and visualizing the synthetic model:

Stage 1, P-anomalies Stage 1, S-anomalies Stage 1, Vp/Vs ratio

Here is the examples
of three models
designed and
presented in Surfer

depth, m

velocity anomalies, %

400 600 800 1000 200 400 600 800 600 800
Stage 2, P-anomalies Stage 2, S-anomalies Stage 2, Vp/Vs ratio

depth, m

1.84
1.82

1.8
400 600 800 400 600 800 600 800

Stage 3, P-anomalies Stage 3, S-anomalies Stage 3, Vp/Vs ratio

1.78
1.76
1.74
1.72
17

1.68
1.66

depth, m

1.64
1.62

1.6

600 800 600 400 600 800

distance, m distance, m distance, m

Vp/Vs ratio



Creating and visualizing the events and stations:

Definition of events in the vertical section: (1) select a vertical section with the
model; (2) select menu: Map — Digitize; (3) start digitizing events
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Creating and visualizing the events and stations:
Save the points as: DATA/MUD_MOD1/inimodel/srces_xz.dat

.
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Creating and visualizing the events and stations:

Defining events in map view: (1) create a new plot; (2) define an empty base map
(menu: Map — New — Empty Basemap); (3) define necessary limits; (4) select the map;
(5) digitize the events; (6) save them as DATA/MUD_MOD1/inimodel/srces_xy.dat
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Creating and visualizing the events and stations:

In a same way define location of receivers in map view: save them as
DATA/MUD _MOD1/inimodel/stations_surf.dat
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Creating and visualizing the events and stations:

Define the parameters of data generating in file
DATA/MUD_ MOD1/inimodel/set_model.dat

No receivers in the

borehole are installed

events picked in map

view are randomly @ Lister - [D:"-LSC]ENCE&WS_II\LDTOS_H_MANl.l.r'-"l.L‘l..DAT.-'i'-."..MLJD_I"-'I'DDl"n.inim-::-del"-.set_mc:del.dat]
distributed between 700 (Gaiin [paska BAa  Cnpaska
and 850 m depth 1 Index for stations on day surface
a Index for stations in the well station block
LA spacing between stations in the well
events picked in _ﬂ_.E_S_tE.p_F_m‘_Em.dJ.n.g stations
vertical section are ?ﬂﬂ aco :"“ ztr “E ;
iapazon for
g?‘”td.%mt'y g 1 kod_ztr_xz source block
!S nou e_ In | __—»|-388 388 diapazon for y
distance interval of a kod_ztr_yz
-300 to 300 m from -30Q 300 diapazon for x
section 58 prain_ . o
100 prmax_p=160 S-R pair definition
58 prmin
randomly from 50% 100 prmax_

to 100% of stations
record P picks

No events in the
YZ section are

For randomly distributed P picks picked

(50 to 100%) we define S picks




Creating and visualizing the events and stations:

In the folder “PROGRAMS/4_CREATE_SYN_DATA” click on file
“CREATE_NEW_DATASET_XYZ.BAT” and it will run the console:
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3
n_anomaly=3, : FREE UERTICAL ANOMALIES
section: 1 dist= 1000 . DD nxsec= 251 n=sec= 252 The program aSkS
npix_x= 500 npix_y= 1]

L

for confirmation
:SSCIENCESLOTOS\LOTO08_11~LOTOS_11_ MAMUAL~PROGRAMS~4_CREATE_SYM_DATA“~a_set_=

[ F3Mpoemom || F4 Mpaexa ][ F5 Konusa

*\SCIENCESLOTOSNLOTOS _115LOTOS_11_MAMUALSPROGRAMS“4_CREATE_SYN_DATA2cd cre: because It may

laMETKN K cnangy

M1 E TR ™

:\SCIENCENLOTOS\LOTOS_11\LOTOS_11_MANUAL~PROGRAMS\4_CRERTE_SYN DaTacreate. QVEIWrite a

ar=MUD_MOD1 md=true_mod '
relevant data file

3 WARNING* This program creates a new dataset in area—folder:HUD_MOD1

it will overwrite the datafile in .. /inidata/rays.dat

if it iz OK. press ENTER

ortran Pause — Enter command<CR> or <CR> to continue.




Creating and visualizing the events and stations:

After finishing calculation, the program generates the plots with sources, receivers and
synthetic ray paths in horizontal and vertical sections in PICS/MUD_MOD1/obs_system
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In the DATA/MUD_MOD1/initata folder, the files are properly organized. They represent
the case of real data



Preparing the model for the tomographic inversion:

Be sure that a model folder with the name of 8 characters is created. It should contain two files ref start.dat and
MAJOR_PARAM.DAT. Be especially careful with parameters highlighted in blocks. They should correspond to

limits of the model:
- [build_XYZ_model] Y [ &) MAIOR PARAMDAT - AkelPad == &) MAIOR PARAM.DAT - Akelbad I s oo

Bug Bcraeka @opmar  Cepewc  [Noxas cnai

®aitn  [paska [Mowck Kogwposkw Hactpoiikn Cnpaska ®aiin [Mpaska [Mowck Kogwpoekw Hactpodikn Cnpaeka
» - ~ S O T T T 3 10 Frequency for output printing o
]pen S i D = Q é G GENERAL INFORMATION : —
18 ¥ K Uy ® % f— % 1 KEY 1: REAL; KEY 2: SYNTHETIC 2 Number of different grids
3 ol = = = al KEY 1: Vp and vs; KEY 2: vp and vp/vs
o] KEY 0: all data, KEY 1: odd events, KEY 2: even events 50 50 50 dx,dy,dz
ﬁTotal Commander 6.03a - IS5 GmbH He'ldelbe{ 0 Ref. model optimization (0-no; 1-ves) 0.0 res_locl=0.2 : lower limit for location (for LT residuals
2 KEY 1: geographic coordinates; 2: cartesian coordinates 40. res_loc2=1.5 : upper 1imit for location (for GT residuals
®aiin  Boigenerme  Haswraynn  Cers  FTP 1 KEY 1: True locations of ewvents are available; KEY 0: Real 22 w_P_s5_diff=2 (+ causes better coherency of P and 5)
1 1 B P T 20 20 20 dx, dy, dz
@. ORIENTATIONS OF GRIDS : 0.0 res_loci=0.2 : Tower 1limit for location (for LT residuals
- || 4 number of grids 20. res_loc2=1.5 : upper limit for location (for GT residuals

Hi2s Skt oraentations 2. wW_P_S_diff=2 (+ causes better coherency of P and 5)

A A A A A A A A A A A A AR SR AR SR LRSS 33 3 dx. dv . dz
[ner_] 141 143 216 Kbwus 304 650 J | 1p MODEL PARAMETERS : 0. reé_%récl:D.z : lower Tlimit for location (for LT residuals
2 Iterations for 1D inversions 10 res_loc2=1.5 : upper limit for location (for GT residuals
seminars | “Total Commander XP | | -10 2. 5 zcvl-‘n'ir]. dzcvlst]:ep depth step for f'l'm:l'l':g the best |= “"2 w_P_5_diff=2 (+ causes better coherency of P and 5)
11 300 smin, dzlay,zgrmax : parameters for 1D traci
CorelDRAW_X3___ SP2 | vert | 5. dz_par, step for parameterization . 2
dASCIENCEALOTOSALOTOS 11\LOTOS 11_‘" 0.2 Parameters for 3D model with regular grid
— — 6. 9. sm_p,sm_s e e S T T T T T T T T
0.0 0.0 rg_p,rg_s 30 _MODEL PARAMETERS:
10 10 1 w_hor,w_ver,w_time 0. 1000. 20 xx1, xx2, dxx,
300 LSQR iterations -500. 500. 20 wyl, yyz2, dyy,
0 nsharp -0 1000. 20 zz1, zz2, dzz
27 27 z_sharp 2.0 it anca—from——tnaaraet oo

o] smoothing factori

INVERSION PARAMETERS
40 1 LSOR iterations, iter_max
1 1. wWeights for P and 5 models in the upper part
25.0 25.0 1level of smoothing (P, 5 and crust)

its for the source locations

SRCE_LIMITS:

25.0 25.0 regularization l1evel (P, 5 and crust) = 1100 Max allowed depth of earthquake B

0.0001 0. 0001 weight of the station corrections (P and 3) 3

10.0 wz t_hor Farameters for grid construction

10.0 WZT_wver =3

5.0 wZt_time GRID _PARAMETERS: = "
-1500. 1500. 30. grid for ray density calculation (X)

A -1500. 1500. 30. grid for ray density calculation (¥)

Coordinates of the start point Tor the location in 1D model -5. 1000. 20. min and max levels Tor grid

T G TYpET LT NOUEs 2T BTOTR

START_POINT: 20. 'min_distance between nodes in vert. direction

500 0 700 xcoord, ycoord, zcoord 0.05 100.0 'plotmin, plotmax= maximal ray density, relative to averag
= 'zupper: Uppermost level for the nodes

Parameters for Tocation in 1D model using reference table 150 'dx= step of movement along x

and data selection b Bef v tdz= sitep of movement along z

m

LIN_LOC_PARAM : 1
9 Minimal number of records

100 km, maximum distance to nearest station
5 B S max resid with respect to P max resid LOC_PARAMETERS: Parameters Tor location in 2D
= 100 dist_T1imit=100 : within this distance the weigl ! Parameters Tor BENDING:
0 Kb us 4 Kb. ®ainos: 0 us 2 L i B n_pwr_dist=1 : power for decreasing of W with dista Il = ds_ini: basic step along the rays
20 ncyc_av=10 S50 min step for bending
n TOS_11_| TA\MUD_MODTY 0.4 min value of bending
I For output: 100 max value for bending in 1 step
[ F3 Mpocmotp ][ F4 MNpaska 30 bad_max=30 : maximal number of outliers
all 0-05 maximal dt/distance ! Parameters for location
T T =0 distance Timit 100 dist_Timit=100 : within this distance the weight is
1 n_pwr_dist=1 : power Tor decreasing of w with distance
10 Frequency for output printing 30 neyc_av=10
3 Number of different grids 0. res_locl=0.2 : lower limit for location (for LT residuals
Lol pe =1 10. res_loc2=1.5 : upper 1imit for location (for GT residuals —
~| | 3ametin K cnangy S0 50 50 dx,dy,dz P w_P_s_diff=2 (+ causes better coherency of P and 5)
0.0 res_locl=0.2 Tower 1imit for location (for LT res c. stepmax

40, res locz=1.5 : uoper limit for location (for GT res i stepmin o
< s n. " ¢ ] 1 | b

purypei * \\ [ v A




Running the tomographic inversion:

In the root folder in file “all_areas.dat” define the name of the area and model that will be

processed:

WAL UL U P WTILILE |

dASCIENCEALOTOSALOTOS _11WLOTOS_11_MANUALN"*

|T|I1|Paaﬂep|J,[h1a

THmn

Tun | Pasmep | [lata

<DIR> 24.032
h [ [] J

L S <DIR> 25.03.2011 17: B rmweun WER
IS COMMON <DIR>= 25.03.2011 13: ﬂ all_areas.dat - AkelPad F -
CIDATA <DIR>= 25.03.2011 13: = =
SPICS <DIR> 75.03.2011 17- @ain [Mpaeka [Mowck Kogwpoekw Hacrpoiikn Cnpaexa
s ol [1: name of the area (any 8 characters) A
[C)PROGRAMS <DIR>  25.03.2011 13: 2: name of the model (any 8 characters)
I TMP_files <DIR> 26.03.2011 08X | =: number‘ |:|-'F 1ter‘at'ru:-ns
m,jail_m dat 174 20.03.2011 21: HLD_MUD1| r-'IDDEL oL &
_|model dat 111 25.03.2011 14:
preview _key tt 1 18.02_2009 114
BST&HT BAT 53 20.03.2011 11:5)
I
1 r
5:9 Bcraeka KlzmeHEH Windows-1251 (AMNSI) A

Then click on START.BAT and it will run the console



Running the
tomographic
inversion:

Calculations start with
preliminary source locations
using straight lines as the ray
paths

Start source locations using the
3D ray tracing code

BN Chwindowshsystem32icmd.exe

'ﬁ

A
A
A

subdirectory or file ..~_. . ANTMP_filessrays already exists.
subdirectory or file ..~..%N..“THP_files1D_mod already exists.

subdirectory or iile eeneane NIMP_filesswert already exists.

n_ar=
DATASET :MUD_MOD1 MODEL:MODEL_01
key ft1_xyZ= 2 kref= o

1 file{s? copied.

PRELIMINARY LOCALIZATION OF SOURCES USING STRAIGHT RAYS

Preliminary location of sources using straight lines in the starting model

ar=MUD_MOD1 md=MODEL_01

nref= 2
nst= 24
10 goal= D0.92385%806 err= 11.79056
20 goal= 0.8534636 EPF= 20.97158 Error Of source
30 goal= D.8333189 Err= 23_.36870 . .
40 goal= 0O.8792780 err= 16.603654 | |0cat|0n N
80 Joal- 08331683  ewm-  19.4973
goal= . Err= .
7?0 goal= 0D.9133840 Err= 1411797 respeCt tO true
80 goal= D.8745198 err= 14.59564
90 goal= 0.8714378 err=  24.82930 ones
100 goal= 0.8618082 Err= 12_11483
110 goal= 0.7242336 EFrF= 17.14297
120 geal= 0.8701032 err= 10.50032
130 goal= 0.7567356 EPF= 1118670
140 goal= 0.7819677 Err= 19.07337
150 goal= 0.8673573 err= 37.95326
1600 goal= 0.8197768 erpr= 23.52433
170 goal= 0.9298037 Err= 19 _54255
180 goal= 0.9515170 Err= 1597040
190 goal= 0.9583993 err= 19.38873
200 goal= 0.72697031 erp= 8.369435
210 goal= 0.8846579 Err= 20.87315
220 goal= 0.8044080 EFrF= 16.85744
230 goal= 0.8489386 err= 23.82999
240 goal= 0O.9691785 err= N_9896887
250 goal= 0.8948867 Err= 23.95334
260 goal= 0.8675178 err= 24.50414
270 goal= 0.7398813 erpr= 24.79888
280 goal= 0.8782298 Err= 22 _92866
290 goal= 0.9313650 Err= 2502690
Average error of source location = 17.44132

subdirectory or file ..~....“PICSNMUD_MOD1~MODEL_01 already exists.

1 file<s» copied.
Uertical: 1 dist= 1000 . DI npix_x= 497
Horizontal: npix_x= L00 npix_y= LY010]

npix_z== 1010)

LOCATE THE SOURCES USING THE 3D RAY TRACING
SOURCE LOCATION: aw=MUD_MOD1 md=MODEL_01 it=1
subdirectory or file
cannot find REF_PARAM in MAJOR_PARAM._DAT***
ar=MUD_MOD1 md=EODEL_E1

nan=

case e NTHP _filesstmp already exists.

4

nref= 2

536.0000 26 . 000D0O 727.0000 44

536.0000 26 . 000BO 727.0000

old resdid= 1.114701 new_resid= 1.146966 red= -2_894452
i@ 31?7 ds= 0.0000000E+00 G= 0.9413223

383 . 0000 -59 00000 686 . 0000 33

383 . 0000 =59 _0000o 686 . 0D00O

old resid= 1.237800 new_resid= 1.268019 red= -2._.4413%92

20 607 ds= 0.0000000E+00 G= 0.84820%91

I




BN Chwindowshsystem32icmd.exe

ﬁ

sections in folder PICS/MUD_MOD1/MODEL_01/LOC

n
Ru nnlng the A subdirectory or file ..~_.. . . NTMP_filessrays already exists.
A subdirectory or file ..N..N. NTMP_files1D_mod already exists.
- A subdirectory or iile eeneane NIMP_filesswert already exists.
n_ar=
to m og ra p h Ic DATASET :MUD_MOD1 MODEL :MODEL_01
key ft1_xyZ= 2 kref= o
1 file{s? copied.
i i | PRELIMINARY LOCALIZATION OF SOURCES USING STRAIGHT RAYS
Inve rSIon - 4 Pre#}gﬂ;gﬁf lgcﬁB%uEE E{ sources using straight lines in the starting model
ar= md = _
nref= 2
nst= 24
il goal= 0.9385%806 err= 11 .79056
Calculati e R 20 goal- 0853636 err=  20.97158 Error of source
goal= . err= . . .
a Cu a Ions S ar Wi 40 goal= 0O.8792780 err= 16.603654 | Iocahon N
|- . | . d 50 goal= 0.9263662 erpr= 22.68051
preliminary source locations $ i bedle M- DS | respecttotrue
c c c 80 goal= 0.8745198 err= 14.59564
using Stralght lines as the ray 90 goal- 0.8714378 err=  24.82930 ones
100 goal= 0.8618082 err= 12.11483
th 110 goal= 0.7242336 err= 17.14297
pains 120 goal=_ 08701032 erp=_ 10.50032
Preliminary source locations, vertical section 1 (err= 19.44 m) Preliminary source locations, map view (er= 19.44 m)
400 u . .
-100 . L]
™ v g
300 o4
-200 ~ ~ N 1
— _\"\q "u . by lg,i N J - -
- 4 -
-300 o4 w |7, P A :.h: e . ]
4 PO S = ] - -
-/ Ao e, T =
— | 100 I RIS PR AN S
-400 - - - & e
/ "u ~ o - i~ - N -
- - - - = - .
500 > 0 _ R Ta o~ .
) ,-l o 1-A 100 2002300 400 500, 600 700 800 900 1-B
'l e b *uq““':'ﬂ = a CA u - -
00 N;\ 100 | < . .- L I°°
- T S .
- 1 -, . N i
-700 atg ol ,-,{{:; /_ =200 lg’;_\ - \5.4 '-: i -
T '/-* e - L q‘ . = "
{’4"?//}, { j;’?’f:} ’% 1:\'\ \\ -y = Caot 'l 'q\'“'“" -
- _ - E .
e g/, X, -f'/‘ ?ff L. ‘&@\& \mi‘,\‘“ " Il T N
900 -400 n = L] n =
_10[]0 T T T T T T T T T -50[] T T T T T T T T T
0 100 200 300 400 800 RON 700 800 900 1000 ‘ 0 100 200 ann 400 an0 00 700 ann ann 1000
—— In this stage we can see the results of source locations in ver and hor i




oo 3o o JoE--Jof-nE-JoE-oE-Jo-JoE30E-JoE- - Jof - JoE-uE-Jef-eE-JoE-JoE—3ef-Jof- e JoE-30f-JoE-eE-Jef -3 JoE-eEef-JoE- e JoE-Sef-JoE-E-oE-

err_locll= 19.44132 err_loc= 17.32629

||
Running the
A subdirectory or File ..w..>..“PICS-MUD_MOD1“MODEL_O1i-~LOC already exists.

1 file<s> copied.
Uertical: 1 dist= 1000 . Do npix_x= 497 npix_== Lnin}

||
tomo ra h Ic Horizontal: npix_x= 500 npix_y= LSOO
nst= 24
COMPUTE THE RAY DENSITY

u u C k
inversion. anHUD_MOD1 adMODEL 01 it=1 grei

orient= 0.0000000E+00

nx= 100 ny= 100 nz= =110]
nzt= 100 nray= 1792 1267
nzt= 200 nray= 3543 2474
total numher of rays: L183 3637

Compute the ray density and

DEFIME THE PARAMETERIZATION GRID

I execution grid

construct the grid S RD oDy A-MODEL_01 it =1 gn=1
nx= 100 ny= 100 nz= 11]
nmax_p= 1 00OO0
aver ray lenght in one hlock= 182 .3893
iy= 40 node= 416 yy= —315_0000
iy= 4% node= 544 yy= -—-165.0000
iy= 50 node= 478 yy= —15_ 00000
iy= 55 node= 51  yy= 135 . M@
iy= 60 node= 453 yy= 285 . OmO
number of valuable velocity parameters: 1022@
aver ray lenght in one hlock= 135.7987
iy= 40 node= 327 yy= —315.0000
iy= 45 node= 519 yy= —165.0000
iy= 50 node= 458 yy= —15.00000
iy= 5% node= 523 yy= 135 . DD
iy= 60 node= 408 yy= 285 . M@
numher of valuabhle velocity parameters: 2571

execution of Tetrad
ar=MUD_MOD1 md=MODEL_01 it=1 gr=1

nur= 5 ntet= 2457 ntop= 416
nur= 10 ntet= 2997 ntop= L44
nue= 15 ntet= 2853 ntop= 478
nur= 20 ntet= 2994 ntop= Ly |
nur= 2L  ntet= 2259 ntop= 453
nup= 5 ntet= 2347 ntop= 397
nur= 10 ntet= 2837 ntop= 519
nup= 15 ntet= 2674 ntop= 458
nur= 20 ntet= 2844 ntop= 523
nur= 25 ntet= 2042 ntop= 408

execution of sosedi
ar=MUD_MOD1 md=MODEL_0O1 it= gpr=

ileu= 5 notri{ilevd= 2592 total= 7380
ilev= 10 notr(ilev)= 3100 total= 21897
ileu= 1% notrdilevd= 3052 total= 36749
ilev= 20 notr{ilev)>= 3037 total= L2111
ilev= 25 notrdilev)= 2167 total= 65419
ileu= 5 notri{ilevd= 2468 total= 6764
ilev= 10 notr{ilev)>= 2905 total= 20674
ileu= 15 notrdilev)= 2851 total= 34547
ileu= 20 notrdilevd= 2868 total= 49003
ilev= 25 notr(ilevd= 1954 total= 61285

UISUALIZE THE RAY PATHS AND GRID IN HORIZONTIAL ANMD UERTICAL SECTIONS
A subdirectory or file ..~..%..NTHP_fileswrays already exists.
ar=MUD_MOD1 md=MODEL_0O1 iter= i
1 dist= 1000 . nEo nrtot= 7032 nptot= 237484



oo 3o o JoE--Jof-nE-JoE-oE-Jo-JoE30E-JoE- - Jof - JoE-uE-Jef-eE-JoE-JoE—3ef-Jof- e JoE-30f-JoE-eE-Jef -3 JoE-eEef-JoE- e JoE-Sef-JoE-E-oE-

err_locll= 19.44132 err_loc= 17.32629

||
Running the
A subdirectory or File ..w..>..“PICS-MUD_MOD1“MODEL_O1i-~LOC already exists.

1 file<s> copied.
Uertical: 1 dist= 1000 . Do npix_x= 497 npix_== Lnin}

||
tomo ra h Ic Horizontal: npix_x= 500 npix_y= LSOO
nst= 24
COMPUTE THE RAY DENSITY

u u C k
inversion. anHUD_MOD1 adMODEL 01 it=1 grei

orient= 0.0000000E+00

nx= 100 ny= 100 nz= =110]
nzt= 100 nray= 1792 1267
nzt=1 b 2}@!1! neray= 513343 36%3?4
: total number of rays:
Compute the ray density and
; DEFINE THE PHEHHETERIZHTION GRID
execution gri
construct the grid S RD oDy A-MODEL_01 it =1 gn=1
nx= 100 ny= 100 nz= 11]
P rays and grid 1, depth interval=400 - 600 km P rays and grid 1, section=1A - 1B
500 K - 4 .
400 - . . .
300 O T =S e e R P L
200 |\ R L A s 7] 1
100 QLN L X |
0 ZZ_IIIZZII_IZZIIIZZZIIIZ;IIIIZ'_
100 AL X
200 (R O P tse/ 3, 1 1.
300 e LI R DU T RNt e 57
-400 - - . . .
500 T T T T T T T T T . . U . . . . .
0 100 200 300 400 500 600 700 800 900 1000 200 300 400 500 BOO 700 8OO 300 1000

In this stage we can see the results of grid construction in ver and hor
sections in folder PICS/MUD_MOD1/MODEL_01/RAYS_GRID t




Running the
tomographic
inversion:

Compute the first derivative
matrix

Perform the inversion

This loop is repeated for four
differently oriented grids

ileu= 15 nmotrdilevd= 3052 total= 36749

ilev= 20 notedilew)= 3037 total= L2111

ileu= 25 notedilevw)= 2169 total= 65419

ilev= 5 notrCilevd= 2468 total= 6764

T eennen e B T 1

ileu= total=

ileu= numbers of 2868 total= 49003

ilev= . 1954 total= 61285

nodes in P and
UISUALIZE T IN HORIZOWTAL AND VERTICAL SECTIONS
A zubdirector S mOdels P_filesrays already exists.
ar=MUD_MOD1 i
1 dist= 1000 . B@o nrtot= 2032 nptot= 237484

ilev= 1 =z1= —-10.0 z2= 400\0 nrtot= 18064 nptot= 1100777

ilev= 2 z1= 400.0 z2= 6O0.9 nrtot= 27076 nptot= 15147
nrtot= 36128 nptot= 18154

ilev= 3 zi= 6O0D.0 =z2= B800.
1 fileds? copied.

Horizontal: npix_x=

zsection:=1l dist= 1000 . D

/ZEOHPUTE THE 15T DERIVATIVE MATR
e

npix_y= L1010)
npix_x_vepr= 497

CUP-US SCHEME>

xecution of matr
ar=MUD_MOD1 md=MODEL_01 it=1 gr-=1

number of non-
zero elements
in the main
maitrix

orient= 0.0000000E+O0
2

nref=
nymax= 29 ntmax= 10220
nmax= 551  otr nmax= Le2
number of velocity parameters= 1022@
numbher of velocity parameters= 2571
1000 33 i 121 —0_.788 tOtaI number Of
2000 64 2 176 —2.35%2
3000 97 1 145 0.090 unknown
4000 128 i 143 m_863
01010] 162 1 3 0.060
6000 195 i 166 1.15%8
2onn 227 2 126 —0O.019
8000 257 1 129 3.398
2000 290 i 182 —0.5%43
nray= 9032 n=zt= 271 i
nobr= %?g%lﬂ 2591 EEE%;}}E 112827 Varlanpe .
nrp= nonz_p=
\nrs= 38492 nonz_s= 473554 redUCtlon In
PERFORM THE INUERSION <UP-US SCHEME> matrix
execution of invers i i
ar=MUD_MOD1 md=MODEL_Oi it=1 Inversion
nref= 2
nan= 0]
W nst= 24
Mumbher of rays = 032 2032 zt= 291
nst_p= 24 nst_s= 24
Preliminary values: W rows= 159193 NoONZer= 1453943
M rouws= 152192 H columns= 21023 N nonzer= 1453943
iter= 20
iter= 40
nray= m32
avresll= 1.571272 avres= [OD_.8861332 red= 43 _ 60410
nerps= L183 3637
total avdv_p= 0.1706747 avdv_s= 0.55187Y5%7
avstat_p= 3.5%689014E-09? avstat_s= 1.43899B4E-09
source corrections:
avl= 4_ 848230 av2= 1.818011 avi= [0.3398348




Running the
tomographic
inversion:

After computing results in four
grids, we create one average
model

Visualize the result in horizontal
and vertical sections

Next iteration starts with source
location in the updated velocity
model

1zz= 20 gzzz== 380, 000

izz= 25 gze= 480 . 00D0O
izz= N zz== 580. 0000
izz= 35 zZz== 680 . 00D0DO
izz= 40 zzz== 780. 0000
izz= 45 gze= 880. 0000
izz= 50 zzz== 280. DDO0D
nx= 51 ny= %1 nz= o1

UISUALIZE THE RESULT IN HORIZONTAL SECTIONS <UP-US SCHEME>
subdirectory or file ..“..%..“THP_files-hor already exists.
1 filed(s)> copied.
1 file<s?» copied.
1 file<s?> copied.
ar=MUD_MOD1 md=MODEL_01

npix_x= 500 npix_y= Lon
nfmap= 201 ntmap= 201
nref = 2

ilev= 1 nezzt= 10
ilew= 2 nz=zt= 21
ileu= 3 nz=zt= 210
ilev= 1 zzz= 300, 00O

ilev= 2 =zEE= S00. 00O

ilew= 3 ==== 700 . DDDon

UISUALIZE THE RESULT IN VERTICAL SECTIONS <(VP-US SCHEME>
ar=MUD_MOD1 md=MODEL_01 iter= 1

subdirectory or file ... .N..“THP_files“vert already exists.
subdirectory or file . ... 5N. SPICSSMUD_MODASMODEL_015~IT1 already exists

1 file<s?» copied.
1 file<s?> copied.

1 file<s?> copied.
1 filed(s?> copied.
1 filed(s)> copied.

reduction of

::Ei: ﬁ nztl= 35 the residuals in
tion: 1 dist= 1 M@0 . oo i = 4
section: 1 dist—  1000.000 npix x— 4/ respect to
npix_x= SO0 nppix_y= Loo q
previous

LOCATE THE SOURCES USING THE 3D RAY TRACING
SOURCE LOCATION: ar=MUD_MOD1 md=MODEL_@O1 it=2

iteration, in%

subdirectory or file ... 5. SNTHP_filesstmp alread
cannot find REF_PARAM in MAJOR_PARAM.DAT® %t
ar=MUD_MOD1 md=EODEL_ﬂ1

nan=

4

nref = 2

L3B.4921 25.07332 726.1299 44

L3B_ 4921 25.m7332 26,1299

old resid= 1.146766 new_reszsid= 0_.7013815 red=
10 317 ds= 2.797594 G= [0.9747321

387.1138 —61 09050 689 .2866 33

3872022 —61.59073 6930360

old resid= 1.268019 new_resid= 0.7894025 red=
20 607 ds= 8.525094 G= 0.8813775

I 3aE- 3 nf o Jaf-Jof e o —nf o —afJof e o nE oo uf-Jof oo —Jef 3o Jaf oI el e

441 _ 3703 1808618 784 7817 o

441 7571 180.6161 787.7507

old resid= 1.159297 nev_resid= 0.7419356 red=
30 212 ds-= 8.293923 G= [0.85%67482

JE-3aE-Jmf-3nf 3o 3o -3oE -0 -3nf- 3o -uE 3o JeE-Jof -eE-J0f -3 -aE-Jof - JeE-Jof -3mf-JeC e JoE-oE-Jof - Jef-Jef -3 Je e -JeE-eE-Jef -3 -ef-Jui-eE-E-E- -

451 . 3696 —70_14542 848 0112 19

451 .36%6 —70.14542 848 . 0112

old resid= 1.171009 nev_resid= 0.7300680 red=
40 1242 ds-= 2.419172 G= Mm.9358814

I

38.84897

37.74523

36 .00125

37.65480




igz== S anomalies, section=1A - 1B
izz=

Running the = b 2L I

izz=

izz=

tomographic :
inversion: " ] - I

1f
ar=MUD_MOI§

npix_x=
nfmap=

After computing results in four ref  foo

ilev=
ilew=

grids, we create one average Hevl  Jw

ilew= Lt e T am

model lev- |,

UTSUALIZEQ ..,
ar=MUD_MO

A zubhdirect

A subdirectd-1000 ists
1 f‘ T T T T T T T T T
100 200 300 400 500 600 700 800 900 1000

Visualize the result in horizontal
and vertical sections

S absolute, section=1A - 1B

WVp/Vs ratio, section=1A-1B |n
L]

L L 16
1611
7,623
1634
1646
1.657
1.669
1.680
1,692

1715
1726
1,738
175

§

-100

-200

-300

400

Next itd-s
locatior«»
model [

1,842 Q7

23

-800

25

-900

After each iteration we can see the inversion results presented in ver and hor .
sections in folder PICS/MUD_MOD1/MODEL_01/IT1 1.




- BN Cwindowshsystem32\cmd .exe » - " ' m
Running the 29 =ee- 00-oamm
ize= 25 =zgz== 480 . 0000

izs= 30 zz=s== S80.0D0D0o

= izs= 35 =gsze= 680 . 0D0D0O

tomo ra IC 40 322-  780.0000
izz== 45 zzz= 880 . 00D0D0O

izz== L0 =zzz== 280 . 0000

nx= 51 ny= 51 nz= o1

u u
u
Inve r8|on - UTSUALIZE THE RESULT IN HORIZONTAL SECTIONS (UP-US SCHEME>

A subdirectory or file ..~..%. . NTHP_files“hor already exists.
1 file{s> copied.
1 file<s> copied.
1 file<{s> copied.

ar=MUD_MOD1 md=MODEL_@1

npix_x= 500 npix_y= LY 0]0]
nfmap= 201 ntmap= 201
nref= 2

ilev= 1 nez=t= 12
ilev= 2 nz=t= 20
ilev= 3 nz=t= 212
ilev= 1 zz== 300. 0D0Dm

ilev= 2 zz== L00. DDDm

ilev= 3 =zz== F00.0O0OMm

UISUALIZE THE RESULT IW UERTICAL SECTIONS <UP-US SCHEME>
ar=MUD_MOD1 mnd=MODEL_01 iter= 5

A subdirectory or file ..~..%..NTHP_files“uvert already exists.

A subdirectory or file ..>»..>~. ANPICSS~HUD_MOD1~MODEL_Di~ITS5 already exists.

1 file<{s> copied.

1 file<{s> copied.

1 file<{s? copied.

1 file{s? copied.

1 file{s? copied.
nref= 2
nztl= 4 n=tl= 35
section: 1 dist= 1000 . Dn@ npisx_x= 497
section: 1 dist= 1000 . DnD npix_x= 497
npix_x= LO0 npix_y= Soo

CREATING THE REFORT ABOUT THE VARIANCE REDUCTION
ar=MUD_MOD1 md=MODEL_O1 niter= 5
0]

had=
gtgr= 1 dtot_p= 0.92701900 red= 0.0000000E+D0
iter= 1 dtot_s= 2_380682 red= O.0000000E+D0
Source miszlocation: 19.32629
: : teons 3 Gtotos i'd00vss  ved- 41 1608%
iter= tot_s= . = .
Calculations end with the report | —7 &2, iciecasiZe: 57 2rued ve
iter= 3 dtot_p= 0.5913971 d= 39.04316
on the accuracy of source e IR nb B
locations and mean residuals in Source misTocarion: o TR
f e T R 4%
0 0 iter= tot_s= 0 = .
|tE§fEit|()f155 énﬁ:ce mislocation: D16?12297 e
I iter= 5 dtot_p= 0D.4692164 red= L1.63665
iter= 5 dtot_s= 0D.9166359 red= bl.49692
Source miszlocation: 16. 00161
nsrces= 291 nray_p= L2183 nray_s= 3849

D:~SCIENCESLOTOSSLOTOS _115LOT0OS_11_MANUALS~PROGRAMS~O_START~START >pause
Press any key to continue . . .
4 111}




Presenting the inversion results in Surfer:

depth, m

depth, m

depth, m

Stage1, P-anomalies

Stage1, S-anomalies

Stage1, Vp/Vs ratio

0 1 | 1 | 0 1 | | 1 0 | | | |
= 7 5
I
-200 - -200 --200
-400 - -400 I--400
-600 - -600 I--600—
-800— - -800 I--800—
-1000 T T T T 1000 T T T T 1000 T T T T
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800
Stage 2, P-anomalies Stage 2, S-anomalies Stage 2, Vp/Vs ratio
0 1 | 1 | 0 1 | 1 1 0 1 1 1 |
]
1
-200— - -200 --200—
-400— - -400 --400— o
-600 - -600 --600— o
-800 - -800 --800— o
-1000 T T T T 1000 T T T T 1000 T T T T
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
Stage 3, P-anomalies Stage 3, S-anomalies Stage 3, Vp/Vs ratio
0 | 1 1 1 0 1 | | | 0 | 1 1 |
-200— - -200— --200—
-400-- . |--400— - --400—
-600 - 600 " |--600
-800 - -800— --800—
-1000 T T T T 1000 T T T T 1000 T T T T
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
distance, m distance, m distance, m

velocity anomalies, %

16

Vp/Vs ratio

Files for
visualization in
Surfer (5! iteration,
18t section)

Located events in vertical section:
TMP_files\loc\srces_ver5 1.dat

Event mislocations:
TMP_files\loc\shift_ver5 1.bin

P-velocity anomalies:
TMP_files\vert\ver_15 1.grd

S-velocity anomalies:
TMP_files\vert\ver_25 1.grd

P-absolute velocity:
TMP_files\vert\abs_15 1.grd

S-absolute velocity:
TMP_files\vert\abs_25 1.grd

Vp/Vs ratio:
TMP_files\vert\vpvs_5 1.grd

Running a new model
will overwrite these
files!



