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1 General overview

The current document presents procedure’s description for 2D High Resolution Seismic
marine survey geometry calculation and Nav-merged Sgy creation. The procedure is realized as
a script for MatLab, using geOmlib library.

The script has the follow features/limitations:
1) The GeoEcel seismic station and GunLink2000 are used (script read equipment’s log-files).
2) The script creates for equipment-set which includes:

-- single streamer with (a) a number of data-channels, (b) a number of aux-channels, (c) one
tail buoy, (d) a number of compass and depth birds; the streamer configuration, used in the
Example’s data is shown in Figure 1.

-- gun-system with (a) single guns-cluster with a number of guns, depth sensor and near-field
hydrophone sent to aux-channel of seismic station, (b) manifold pressure sensor, (c)
atmospheric pressure sensor.

3) The streamer is relatively short and linear-when-towed. It is approximate as a line from
towpoint to tail-buoy every fix-time.

4) The cluster’s position calculated using streamer direction and umbilical cable length (there are
no GPS installed with cluster).

5) The cluster position is forward relative seismic channel Nol (Sgy header offset sign not
calculate but set negative).

6) The survey data write to Sgy-file.
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Figure 1. The seismic streamer configuration used in Examples data

The follow input data needs for 2D HR geometry calculation:
1) streamer’s towpoint position with 1-second period; page 17
2) cluster towpoint position with 1-second period; page 14;
3) tail-buoy position with 1-secont period; page 14;
4) birds log (used exported from Qinsy); page 11;
5) GeoEdel seismic station’s three txt-logs (Nav for shots log, Depth log, Tension log); page 15;
6) GunLink txt-log (includes shots time, cluster depth, pressure, synchronization errors, etc.);
page 12;



7) MBES survey “belt” for current seismic line; page 11;
8) Sgy-file created by GeoEel seismic station; page 17;
9) txt-file with P1/90 header template; page 52;

10) txt-file with Sgy’s text-header template; page 57.

The Geometry calculation procedure presents follow output results:
-- P1/90 file with seismic source position (and script for AutoCad’s track-plot); page 52;
-- Catalogue txt-file with coordinates, for source position defined points step; page 55;
-- P1/90 file with 1st CMP position (and script for AutoCad’s track-plot); page 52;
-- Catalogue txt-file with coordinates, for 1st CMP position defined points step; page 55;
-- txt-file contained “2D Marine geometry spreadsheet for ProMax” by seismic source; page 56;
-- Sgy-file with nav-merged data, which contained: source/receivers positions and depth, actual

sea depth for survey, guns and seismic birds own data; page 57.

The Sgy-file fields and headers mainly formatted in accordance with Exxon Mobile
requirements presented below in “Appendix 1. Raw 2D marine SEG-Y data requirements by
Exxon Mobile”.

The script is realized 12 commands:

-- 'SU_Set' — define setup data for project (SU variable); page 35;

--'ML_Set' — load “map layers” for project (ML variable); page 35;

-- 'Main_Load' — load project’s workspace (PR variable with survey lines data and ML); page 36;

-- 'Main_Save' —save project’s workspace (PR variable with survey lines data and ML); page 36;

--'PR_Set' — load survey line logs and data from input files to project’s workspace (to PR
variable); page 36;

-- 'Fix&Shot_QC' — visual control Fix and Shots (FFID) correlation; page 37;

-- 'Time_QC' — spike control and smoothing for time; page 41;

-- 'Coord_QC' — spike control and smoothing for coordinates; page 43;

-- 'PR_CreateSet' — interpolate survey line data to Fix time and calculate additional parameters
(streamer feather angle, receivers’ depth and coordinates, etc.); used PR{...}.Z
field; page 48;

-- 'OutPromaxGunGeom' — export synchronized data from PR{...}.Z field to output file with “2D
Marine geometry spreadsheet for ProMax”; page 50;

-- 'OutP190Geom' — export synchronized data from PR{...}.Z field to P1/90 file, AutoCad’s
script file, Catalogue file; page 50;

-- 'OutSgyGeom' — export synchronized data from PR{...}.Z field to Sgy-fields (Text header,
Binary Header, Traces Headers) and save it to output Sgy-file with nav-merged
data; page 51.

The typical MatLab session for '0006_C_L_HR_29' survey line’s geometry processing is
shown in Figure 2. The survey line logs and Sgy are loaded to cell PR{1}.

The 'Time_QC' and 'Coord QC' run for data 'StTp' (streamer towpoint), 'StBuoy'
(streamer’s tailbuoy) and 'GunTp' (seismic cluster towpoint).



mmand Wine

> {'3U_Set'};gUhrGecEelGeomROz;
> {'HML Set'}:gUhrGecEelGeowR0Os;
ML{1}=LFlan ZDHR.txt; Format: LinePlan - LinePlaning Loaded; AutoCad file created
»» {'PR_Set','0006_C L HRE 29',26,1};glThrGeoEelGeonR02;
Current settings: FileNamesMainPart=0006_C L HR 29; Linelirection=2Z6: LineMwrber=1
—— Bathy belt get;
—— Btreamer logs get: TowPoint, Buoy, Log, FepeaterDepth, Tension:
—-— Gun logs get: TowPoint, Log:
—-— Bird log get;
—-— 3gy get.
Fr {'Fix&3hot QC', 1} :gUThrGeoEelGeomBO2 ;
Fx { ' Time_0QC','3tTp', 'Gps',1,1:1} ;gUhrGecEelGeomROz
Fx {'Coord QC','ScTp', 'Gps' 1,111} gUhrGecEelGeomROZ
Fx { ' Time QC','StBuoy','Gps',1,1:1};:gUhrGecEelGeonk0z;
Fx {'Coord QC','StBuoy','Gps',1,1:1} :gUhrGecEelGeamR0s ;
Fx { ! Time_0QC', ' GunTp','Gps',1,1:1};gUhrGecEelGeomROZ
Fx {'Coord QC','GunTp','Gps',1,1:1};gUhrGecEelGeomR0Z;
»» {'PR_Createliet',1};gUhrGeoEelGeomROzZ ;
rx {'OutPromaxGunGeom' , 1} gUhrGeoEe 1GeomR0O2Z ;
»» {'OutF190Geom' ,'Gun' ,2018,1,10,'3'} ;gUhrGecEe 1GeomROz ;
Cat3tep=10
RecordId=3
File num: 1; File name:d:‘\UHR GeoEel‘\P190 GunHeader.txt
Warning: gP1l90Write: Head.LineMame length must be 12;: the right part was deleted
file:d:\UHR GeoEell\0006 C L HR 29%cale 0006 C L HR 29 Gun. 190
> In gP1l90Write (line 850)
In gUhriGeocEelbeomB02 (line 343)
Fx {'OutP190Geow' , ' Cropl' ,2018,1,10,'C'} ;gUhrGecEelGeomR02 ;
Catatep=10
RecordId=cC
File num: 1; File name:d:%UHR_GeoEel%'P190 CmplHeader.txt
Tarning: gPl90Write: Head.LineMame length must be 12: the right part was deleted
file:d:\UHR GeoEel‘\"000& C L HR 2Z9%calc 0006 C L HR 29 Cmpl.1890
> In gP1l90Write (line 80)
In gUhrGeoEelGFeomB0O2 (line 343)
Fro{'OutdgyGeom' ;1 gThrGeoEelGeomB0z ;
Warning g2gylWrite: There was IEEE to IBEM conversion error.
»» {'HMain Zave'};gUhrGecEelGeomROz ;
MAIN GEON.mat - PR & NL wvariables Saved
fi > |

Figure 2. MatLab session for '0006_C L HR_29' survey line’s geometry processing

The Line name '0006_C L _HR _29'is longer than 12 chars defined for P1/90 standard.
The scripts write warning and cut Line name in right.

The commands 'OutPromaxGunGeom’, 'OutP190Geom’, 'OutSgyGeom' creates 8 output
files. The Sgy size is about 1.1Gb; the session time is about 10 minutes (the most time was spent
for tailbuoy’s coordinates spikes deleting).

The quick script’s command description is presented in Script’s commands Quick Start.



2 Input files

The 2DHR input data located in the “Root folder”. The Root contained sub-folders with
survey lines and a number of txt-files there are
-- File with line-planning;
-- Files with headers template for P1/90 (for example, templates for Gun and for CMP1);
-- Files with headers template for Sgy.
The survey line’s sub-folder contained files are used for geometry calculation, with the
follow postfixes and extensions:
-- _Bathy.txt — the MBES data “belt” surveyed with 2DHR data (exported from Qinsy);
-- _BirdLog.txt — the seismic birds log-file (exported from Qinsy);
-- _GunLog.txt — the GunLink2000 log-file (created by GunLink2000 software);
-- _GunTp.txt — the seismic cluster towpoint coordinates (1-second step; exported from Qinsy);
-- _StBuoy.txt — the tail buoy coordinates (1-second step; exported from Qinsy);
-- _StDpt.txt — the GeoEel streamer depth sensor from repeater (created by station’s software);
-- _StNav.txt — the GeoEel streamer navigation log (created by station’s software);
-- _StTens.txt — the GeoEel streamer tension log (created by station’s software);
-- _StTp.txt — the streamer towpoint coordinates (1-second step; exported from Qinsy);
-- .sgy — the data recorded by GeoEel seismic station.
The survey line’s sub-folder contained additional folder and files are used for QC only.
There are:
-- QC_Screenshots — the sub folder with QC-screenshots;
-- _StLog.txt — the GeoEel seismic station Log-file;
-- XIs —the on-line log for current survey line.
The first part of files and sub-folder name are the survey line name. The example is
shown in figure below (Figure 3).

=d:\UHR_GecEeli0006_C_L_HR_29i*.* ¥ v
+HMame Exk Size Date
—_— <DIR=  05,11,2020 1912
QiZ_Screenshots <DIR= 15.10.2020 1922
Ef.DDDE_C_L_HR_ZQ sgy 1152 264 080 10.06.2019 07:47
IZHDDDE‘_C_L_HR_zg s 64 000 05.11.2020 12:44
|_|0o06_C_L_HR_Z9_Bathy bt 22 P63 352 24.10.2020 14:36
| |0006_C_L_HR_29_BirdLog kxt 316672 24.10,2020 16:14
| oo0e_C_L_HR_29_Gunlag kxk 324058 24.10,2020 15:07
| oo0e_C_L_HR_29_GunTp bk 57 307 24.10.2020 15:01
| |0006_C_L_HR_Z29_StBuoy bt 57 410 24.10.2020 15:01
| oo0e_C_L_HR_29_stDpt kxt 11 412 26,10,2020 05:04
| oo0e_C_L_HR_29_5tlog kxk 155 106 10.06.2019 07:59
| o00e_C_L_HR_29_Sthavy bk 20382 12.06.2019 15:08
| |0006_C_L_HR_29_StTens bt 273889 26.10.2020 08:57
| |0006_C_L_HR_29_StTp kxt 57 410 24.10.2020 15:01

Figure 3. The sub-folder content example — input data

The files data are described below.
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2.1 _Bathy.txt

The file includes MBES bathymetry data, surveyed with current Line and shifted to
current sea surface level (without tide correction and the same). The file example is shown in
Figure 4.

The file contained annotation, key-word “Line” with name of line and columns with data.
The data includes follow columns: Easting, Northing, Depth (actual sea depth water surface to
bottom), MBES ping number, MBES ray number.

L4 Lister - [d\UHR_GeoEelh0006_C_L_HR_2040006_C_L_HR 29 Bathy.tet] = F “
File Edit Options Encoding  Help 0%
Bathymetry belt; actual sea depth. A
Columns: Easting, Mothting, Depth, Ping, Ray.

Line 8886_C_L_HR_29

GBSF7O._12 GEAL4GER.5A - 1 1
GBSY70.53 GBAL4GRR .32 - 1 2
GB5770_95 GEALLEE . 14 -1 1 3
GB5771.36 GBAL4LRY 97 -1 1 4
GB5F71.76 GBAL4LRY .79 -1 1 5
GB57T2 17 GBAL4LRY .62 “hh u2 1 i1
GB5772 57 SEALLRY _4h “hh u2 1 7
GB5772 .98 GBALLRY 27 U ]
685773 .39 GBALLR7 A9 “hh W2 1 9
685773 .82 GBALLRA.91 “hh W2 1 18
685774 25 GBALLRA .72 “hh bl 1 L
685774 _69 GBALLRA.53 -4h 38 1 12
685775.12 5804586.35 -y .37 1 13
685775.55 CBO4EB6.16 -4 .36 1 14
6B5775.97 SBO4585 .98 -4 .36 1 15
685776.39 CBO45BS . B0 -4 .36 1 16
6B5776.80 SBO4585 .62 -4 .36 1 17
685777.25 580458543 -hh.34 A 18
GBSYTY .68 GBAL4GRG .25 -4 .32 1 19
GB577E .10 SEBAL4GRG . A6 -4 .32 1 28
GBS77E .54 GEAL4GEL_BR -4, 38 1 21
GBS77E .97 SEAL4GEL .69 -4, 38 1 22
GB5779 .39 SBAL4LEL 51 -44 .29 1 23
GB5779 .82 SBA458L .33 -44. 29 1 24
68578025 SEALLEL 14 -4h 27 1 25
GBSFEA.69 GHA4GR3 .95 “44.26 1 26

Figure 4. _Bathy.txt data example

2.2 _BirdLog.txt

The file includes birds data exported from Qinsy. The columns number depends from
birds’ data and type. The file example is shown in Figure 5.

The file contained annotation, key-word “Line” with name of line and columns with data.
The types of data example for Figure 5:
-- Measure date and time;
-- Seismic Fix number, took place;
-- Magnetic azimuth for compass birds;
-- Water depth for leveler birds;
-- Wings angle;
-- Temperature.

The rows generated by DigiCourse system with defined time-interval and repeat by Qinsy
each second.
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= Lister - [dA\UHR_GeoEe\J006_C_|L HR_290006_C_L_HRE_29 BirdLog.txd] = =

File Edit Options Encoding  Help 1%
Field 81= Date A
Field 82= Time

Field 83= Fix Humber

Field B84= Compass_81 Value
Field B85= Compass_82 Ualue
Field B6= Compass_@5 Ualue
Field B87= Compass_@86 Value
Field 88= Compass_88 Ualue
Field 89= Compass_@89 Value
Field 18= Compass_11 Value
Field 11= Compass_12 Value
Field 12= Depth_Bird_@1 Value
Field 13= Depth_Bird_@2 UValue
Field 14= Depth_Bird_@3 Value
Field 15= Depth_Bird_@4 UValue
Field 16= Depth_Bird_@5 Value
Field 17= Depth_Bird_@6 UValue
Field 18= Depth_Bird_0@7 Value
Field 19= Depth_Bird_@8 UValue
Field 20= Depth_Bird_@9 Value
Field 21= Depth_Bird_18 UValue
Field 22= Depth_Bird_11 UValue
Field 23= Depth_Bird_12 Value
Field 24= Depth_Bird_13 UValue
Field 25= Angle_@1 Value

Field 26= Angle_@2 Ualue

Field 27= angle_03 Value

Field 28= Angle_04 Ualue

Field 29= angle_@5 Ualue

Field 38= Angle_@6 UValue

Field 31= Angle_07 Ualue

Field 32= Angle_08 Ualue

Field 33= Angle_09 Ualue

Field 34= Angle_18 Value

Field 35= Angle_11 Ualue

Field 36= Angle_12 Value

Field 37= Angle_13 Ualue

Field 38= Temperature_81 Ualue
Field 39= Temperature_82 Ualue
Field 48= Temperature_83 Ualue
Field 1= Tenmperature_84 Ualue
Field 42= Temperature_85 Ualue
Field 43= Temperature_86 Ualue
Field 44= Temperature_87 Ualue
Field 45= Temperature_88 Ualue
Field 4= Temperature_89 Value
Field 47= Temperature_18 Ualue
Field 48= Tenmperature_11 Value
Field 49= Temperature_12 Ualue
Field 56= Tenmperature_13 UValue
Line 0886_C_L_HR_29

20198689 202719.00 296 33.80 33.508 34.10 33.80 33.40 33.18 33.10 32.40 1
20198689 202728.00 997 33.80 33.58 34.10 33.80 33.40 33.18 33.10 32.48 1
208198689 202721.008 097 33.80 33.58 34.108 33.80 33.40 33.18 33.10 32.48 1
20198689 202722.0808 997 33.88 33.70 34.080 33.40 33.80 33.30 33.00 32.48 1
28198689 202723 .08 098 33.88 33.70 34.008 33 .48 33.808 33.30 33.0808 32 .48 1
201986089 202724 .00 998 33.80 33.70 34.00 33.40 33.80 33.30 33.00 32.40 1
20198689 202725 .88 998 33.88 33.708 34.80 33.48 33.80 33.30 33.080 32.48 1
201986089 202726.00 999 33.80 33.70 34.00 33.40 33.80 33.30 33.00 32.40 1
20198689 2082727 .88 999 33.88 33.808 33.80 33 .48 33.78 33.00 32.58 32.68 2
208198689 202728 .00 108808 33.80 33.80 33.80 33.40 33.70 33.080 32.50 32.68 2w

Figure 5. _BirdLog.txt data example

2.3 _GunLog.txt

The file includes GunLog data created by GunLink2000 software. The columns number
depends from cluster numbers, guns numbers for cluster, sensors installed to GunLink2000
system. The file example is shown in Figure 6.
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- Lister - [d:\UHR_GeoEel0006_C_L_HR 28,0006_C_L_HR_29 GunLog i - o

File Edit Options Encoding Help 1%
GunLinc268688 system log.

Columns: Shot, AimPointTime, Cluster1Gun1dT, Cluster1Gun2dT, Cluster1Gun3dT, Cluster1Guni4dT, Atmosferici, Depth1, Manifold1, Volumed.
Line @@86_C_L_HR_29

0ppae1000 2019-06-09_20:27:28.333819 -1.8 -3.80 -1.80 -2.98 1010.33 .93 2120 160

000001001 2819-86-09_20:27:31.234613 -5.0 -4.0 1.0 -3.0 1616.00 .87 2100 160
08006108082 2819-86-09_20:27:34.194631 -4.8 -4. 8 0.8 1.8 1818.88 .93 2868 168
B0b0B1 003 2019-06-09_20:27:37.106131 -4.0 1.0 8.0 6.0 1010.17 - 2054 160
9060061004 2819-86-09_20:27:40.026838 0.0 8.0 8.8 6.8 1618.17 -1 2852 160
000001005 2819-86-09_20:27:42.907694 -2.0 -2.0 1.0 -1.08 1618.50 15 2059 160
00006818086 2819-86-09_20:27:45.825713 0.8 6.8 1.8 -1.8 1818.33 .16 2866 168
B0b0B1 007 2019-06-09_20:27:48.934288 1.0 6.0 8.0 6.0 10106.00 19 2062 160
0poa61008 2019-06-09_20:27:51.836738 0.0 1.8 -1.8 0.8 1616.00 A7 2060 160

000001009 2019-06-09_20:27:54 746169 1.8 1.8 -2.8 -1.8 1009 .67
000080109190 2019-06-09_20:27:57.640500 0.9 -1.8 1.8 1009.50

.24 2060 160
.26 2858 160

n

N

N

13

13

5

5

13

13

5

0.8 5
800061011 2019-06-09_20:28:00.574106 1.0 -3.8 8.8 6.8 10082.58 .18 2062 168
906001012 2819-086-09_20:28:03.489375 0.0 6.8 1.8 -1.8 18689.58 5.23 2064 168
8B6A61013 2819-86-09_20:28:06.535344 -1.0 8.8 a.a -2.8 1689.58 .15 2864 168
000001014 20819-086-09_20:28:09.412438 0.0 0.8 8.8 -1.8 1089.33 L.18 2064 168
800061015 2019-06-09_20:28:12.458431 1.0 -2.8 1.8 6.8 1089.17 .16 2060 168
906001016 2819-86-09_20:28:15.565213 1.0 -1.8 8.8 6.8 1089.33 5.18 2860 168
886A81817 2819-86-89_20:28:18.521788 1.0 8.8 a.a 1.8 1889.33 .22 2861 168
B0b0B1018 2019-06-09_20:28:21.451988 0.0 -3.8 8.8 6.8 10082.58 L.22 2060 168
906061019 2819-86-09_20:28:24. 406306 0.0 -2.8 8.8 6.8 1089.83 L.18 2059 168
000001020 2819-86-09_20:28:27.346250 0.0 6.8 6.8 6.8 1610.08 5.27 2858 168
800061021 2819-086-09_20:28:30.382244 2.0 0.8 8.8 1.8 1818.17 5.17 2857 168
B0b0B1022 2019-06-09_20:28:33.259108 0.0 1.8 -2.8 8.8 108108.17 L.21 2060 168
906061023 2619-086-09_20:28:36.503225 -1.6 0.0 8.8 1.8 16108.088 .21 2062 168
806061024 2819-86-09_20:28:39. 444306 8.0 2.4 a.a 8.4 1818.17 5.23 2865 168
900081025 2819-86-09_20:28:42.5643086 0.0 .8 -1.8 2.8 10089.58 5.32 2068 168
000001026 2019-06-09_20:28:45.582225 0.0 -1.8 -1.8 2.8 10089.33 L.22 2057 168
000001027 2019-086-09_20:28:48.688544 0.0 -3.8 9.8 6.8 1069.08 5.4 2855 168
886061828 2819-86-09_20:28:51.785763 1.8 -3.8 3.8 2.8 1889 .17 5.an 2856 168
000001029 20819-86-09_20:28:55.058969 -1.0 -1.8 -1.8 0.9 1089.33 .18 2056 168
906061030 2619-086-09_20:28:58.082731 -1.6 3.0 1.8 6.8 16689.58 .82 2868 168
9006001031 2819-086-09_20:29:01.101844 1.0 6.0 6.8 6.8 1089.33 .80 2859 168
0000810832 2019-06-09_20:29:04_148100 9.0 2.8 2.8 1.8 1889.58 5.m 2856 168
800001033 2019-06-09_20:29:07.215869 1.0 1.8 1.8 6.8 1089 .17 .88 2053 168
906061034 2819-86-09_20:29:16.543819 0.0 6.8 1.8 -1.8 1889.17 c.2e 2056 168
9006001035 2819-86-09_20:29:13.654719 0.0 1.8 -1.8 1.8 1069.08 5.4 2858 168
8000881036 2819-86-09_208:29:16.699363 2.0 -2.8 1.8 -1.8 1889 .88 5.24 2854 168
1A -1.A -2.A 1.8 1AAO AR 5._1R  7ASAL 160

AAAAATAR7 2A19-AG-A9 2A:20:19 _0GARTL
<

Figure 6. _GunlLog.txt data example

-~

The file contained annotation, key-word “Line” with name of line and columns with data.

For example’s shown in Figure 6, the GunLink system is includes:
-- one seismic cluster;
-- four guns installed to cluster (total volume 160 cu inch);
-- atmospheric pressure sensor;
-- manifold pressure sensor;
-- depth sensor installed to cluster;
-- near field hydrophone installed to cluster.
The file is contained
-- shot number generated by GunLink;
-- date and time for shot, measured by GunLink’s system (GPS with PPS pulse);
-- guns de-synchronization in microseconds;
-- atmospheric pressure in psi;
-- cluster depth in meters;
-- manifold pressure in psi;
-- cluster’s guns volume.
The rows generated for each shot.
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24 _GunTp.txt

The file includes seismic cluster towpoint coordinates exported by Qinsy. The file
example is shown in Figure 7; the rows generated for each second.

The file contained annotation, key-word “Line” with name of line and columns with data.
The data includes follow columns: UTC-Date, UTC-Time, Fix (last one), Easting, Northing,
Vessel’s Heading.

5 Lister - [d:\UHR_GeoEel\0006_C_L_HR_2940006_C_|_HR 29_GunTp.xi] = O
File Edit Options Encoding Help 4%
Gun towpoint position leg. ~
Columns: Date, Time, Fix, Easting, Hothting, Uessel's Heading.

Line 8086_C_L_HR_29

20198609 202719._.0868 997 685821 .43 CEOWS20 65 28.39
28198609 2082728.888 907 685822 .31 L8O4531.56 28.42
20198609 202721 .0868 997 685823 .17 C804533.50 2042
201908609 202722 ._48088 997 685824 465 C8O4535 45 208.37
20190609 2082723.0808 908 685824.03 CBO4537 .40 20.36
20190609 202724 08088 998 685825 .79 L8O4537 .33 20845
201908609 2082725 .0808 908 68582667 L8ou5syT 25 28.51
201908609 202726.8088 999 685827 .57 LeO45HT 17 208.53
20198609 2082727 .888 990 685828.58 CaausLt 18 28.48
20198609 202728.8068 10688 685820 _4B CEOLSHT _Bh 20849
201908609 202729._.48088 10088 685830.32 LE04548 90 208.55
20190609 202730.08080 10688 685831.26 C8O4550.90 20.58

Figure 7. _GunTp.txt data example

2.5 _StBuoy.txt

The file includes tail buoy coordinates exported by Qinsy. The file example is shown in
Figure 8; the rows generated for each second.

The file contained annotation, key-word “Line” with name of line and columns with data.
The data includes follow columns: UTC-Date, UTC-Time, Fix (last one), Easting, Northing,
Vessel’s Heading.

) Lister - [dAUHR_Geckely0006_C_L_HR_290006_C L HR_29 StBuoy.bi] - H
File Edit Options Encoding  Help 4%
Seysmic streamer TailBuoy position log. A
Columns: Date, Time, Fix, Easting, Mothting, Vessel's Heading.

Line 6886_C_L_HR_29

28198689 202719008 9946 685335 .44 5883173.26 23.23
20198609 202720.000 997 685336 .45 580317487 2436
20198689 2082721.0008 997 685337 .64 58083176.79 25.71
28192086089 282722 .0088 297 685338.17 C8O3178.890 24 .38
28198689 202723.008 998 685339.25 58083188.68 25 .86
20198609 202724000 998 685340.85 58083182.74 25.308
20198609 202725 .000 998 685340.85 580318477 24.11
20198689 2082726008 990 685341.72 5883186.73 25.82
28198689 202727 .008 999 685342 .68 5883188.74 24 _hé
20198689 2082728.0008 1008 685343.37 580319845 23.96
20198609 202729.000 1008 685344 .11 5803192.27 24.95

Figure 8. _GunTp.txt data example
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2.6 _StDpt.txt

The file includes depth sensor’s data which mounted in streamer’s repeater module. The
file example is shown in Figure 9; the rows generated for each shot.

= Lister - [dAUHR_GeoEelh0006_C_L_HR_290006_C_L_HR_29 StDptt] > =
File Edit Options Encoding Help 12%
Seysmic streamer's Repeater depth. ~

Columns: Shot, Id, Depth.
Line B8@846_C_L_HR_29

File: 1808, Depths: 252: 0.38m
File: 1861, Depths: 252: 0.39m
File: 1862, Depths: 252: 0.39m
File: 1803, Depths: 252: 0.39m
File: 1884, Depths: 252: 8.3%m
File: 1885, Depths: 252: 8.3%nm
File: 1886, Depths: 252: B.38m

Figure 9. _GunTp.txt data example

The file contained annotation, key-word “Line” with name of line and columns with data.
The columns contains: Shot number, repeater ID, depth in meters.

2.7 _StlLog.txt

The streamer log-file is not used for streamer navigation calculation. It includes
information about survey line, noise tests results, shots (files) numbers with messages were sent
from navigation system to seismic station, system alarms and errors.

The file example is shown in Figure 10.

= Lister - [dA\UHR_GeoEel\0006_C_L_HR_290006_C_L_HR_29_5tLog txt] = =

File Edit Options Encoding Help 2%
Beginning Mew Line - Line 0066_C_L_HR_29, Starting File Number is 996 A
Moise Test (File 996) ...

File 996 B7:24:03.18 06/18/2819 3187 KBytes SAUED IH 996.SGY

Moise Test {File Humber: 996)

Survey: CSD

Line: B@86_C_L_HR_29

Date: B86/18/2819

Time: 87:24:83.18

Channel ae1 ae2 083 ooy aas a6
Preanp (dB) oag aee oag aee oag aee
Noise (uBar) 3.78 3.70 2.74 3.16 2.88 2.37
oe7 aes oae |10 011 812
oaa aoe oaa aoe oaa aoe
2.95 2.72 2.65 2.13 2.32 2.19
013 a1y 815 816 o7 818
oag aee oag aee oag aee
2.28 2.35 2.72 2.27 2.64 2.43
019 a2 021 822 023 a2y
AAA Ann AAA Ann AAA Ann
= Lister - [d\UHR_GeoEelh0006_C_L_HR_2940006_C__HR_29_Stlog.i] = B
File Edit Options Encoding Help i
ana asa aa8 ase aae asa A
1.21 8.99 0.99 a.99 1.01 1.83
187 188 189 190 191 192
ana asa aa8 ase aae asa
1.29 1.1 1.83 .92 8.90 8.92

Auerage Hoise RMS: 1.68 uBar

S$GPGGA,20192709,202728 .32 ,1000,685829 _40,5804547 04,22 .7 - Received at 07:27:43.54 for File 1080
File 1000 B7:27:43.43 06/10/2019 3184 KBytes SAVED IH 996.3GY

ALARM: Ouerdriven channels?! See red traces. B7:27:45
S$GPGGA,201927689,202731.22,1001,685831.26,5804550.908,22 .7 - Received at O7:27:46.44 for File 1881
ALARM: Gun amplitude threshold exceeded. B87:27:48

File 1081 97:27:46.34 06/10/2019 3184 KBytes SAVED IN 996 _SGY

ALARM: Overdriven channelst See red traces. B7:27:48
$GPGGA,208192709,202734.16,1002,685834 . 04 ,5804556.65,22.7 - Received at B7:27:49.39 for File 1862
ALARM: Gun amplitude threshold exceeded. B7:27:51

File 1062 B87:27:49.29 66/10/20819 3184 KBytes SAVED IH 996.SGY

ALARH: Overdriven channelst See red traces. B87:27:51
$GPEGA,20192789,202737 09,1002 ,685836 .64 ,5804562 54,22 .0 — Received at ©07:27:52.34 for File 10803

Figure 10. _StLog.txt data example
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2.8 _StNav.txt

The file includes navigation data created by seismic station software. The file example is
shown in Figure 11; the rows generated for each shot.

= Lister - [dA\UHE_Geokelh0006_C_L_HRE_29\0006_C_L_HR_29_Sthav. ] - D“
File Edit Options Encoding  Help 12%
File: 1888, $GPGGA,2A19A609,202728.32,1000,685820 _40,5804547 04,22 7, B7:27:43.54 ~
File: 1881, $GPGGA,2019A609,2082731.22,1001,685831.26,5804550.00,22 7, B7:27:46._44
File: 1882, $GPGGA,2819@609,2082734.16,1002 68583404 ,5804556 65,227, B7:27:49.30
File: 1883, $GPGGA,28198609,2082737 09,1003 ,685836._64,5804562 54,23 8, 07:27:52_34
File: 1884, $GPGGA,2819@609,2082730_00 1064 ,685830 57 ,CROMGA8.33,22 7, B7:27:55.22
File: 10805, 3GPGGA,20190609,202742.89,1005,685842_23,5804574.11,22.9, 07:27:58.13
File: 1006, $GPGGA,20190609,202745.81,1006,685845._09,5804579.90,22_8, 07:28:01.04
File: 10887, $GPGGA,2@190609,202748.90,1007,685847 _79,5804585.67,23.0, 07:28:04.13
File: 1688, $GPGGA,20190609,202751.82,1008,685850.64,5804591_ 47,229, 07:28:07.05
File: 1889, $GPGGA,2A19A609,2082754.72,1009,685853.36,5804597.21,23.8, 87:28:09.95
File: 1818, $GPGGA,2A19A609,2082757.62,1010,685856.25,5804602 89,22 .9, B7:28:12.85

Figure 11. StNav.txt data example

The row-data contained

-- shot (file) number;
-- message $GPGGA sent from navigation system to seismic station for current shot;
-- the seismic station’s time.
The $GPGGA message includes:
-- date for “shot trigger” received from GunLink;
-- time for “shot trigger” received from GunLink;
-- navigation Fix number;
-- E and N coordinates in the start of second before shot evidence;
-- vessel’s heading.

The “shot trigger” time is fixed guns-triggering-window start. Usually, we set shot-
evidence at 40 millisecond after window start. It is prefer to use GunLog’s time to mark shot
evidence. The _StNav.txt can be used for shots (FFID) and navigation fix (Source Point
Identification Number) comparison and cross-link.

2.9 _StTens.txt

The file includes streamer tension data created by seismic station software. The file
example is shown in Figure 12; the rows generated with defined frequency.

= Lister - [d3UHR_GeoEelh0006 C L HR 290006 C L HR 29 StTens. td] = B

File Edit Options Encoding  Help 0%
Seysmic streamer's Tension. ~
Columns: Date, Time, Tension.

Line 8886_C_L_HR_29
86718719 B6:41:34_25 55,
86/108/19 B6:41:34.72 53.
86/18/19 B86:41:35.21 59,
86/108/19 B6:41:35.69 72.
86/108/19 B6:41:36.16 BB,

(=R = L RN |

Figure 12. StNav.txt data example
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The file contained annotation, key-word “Line” with name of line and columns with data.
The row-data contained
-- date by seismic station clock;
-- time by seismic station clock;
-- streamer’s tension in Kg.
The tension data are generated by sensor in station’s repeater module.

210 StTp.txt

The file includes seismic streamer towpoint coordinates exported by Qinsy. The file
example is shown in Figure 13; the rows generated for each second.

The file contained annotation, key-word “Line” with name of line and columns with data.
The data includes follow columns: UTC-Date, UTC-Time, Fix (last one), Easting, Northing,
Vessel’s Heading.

= Lister - [d\UHR_GeoEel\0006_C_L_HE_290006_C_L_HRE_29_StTp.txt] = B
File Edit ©Options Encoding Help 4%
Seysmic streamer towpoint position log. A
Columns: Date, Time, Fix, Easting, Hothting, Uessel's Heading.

Line B806_C_L_HR_29

2019086089 2082719._.080 997 685821.43 5804529 .65 28.39
281908689 202720.0800 907 GESE2Z .31 S8A4531.56 28.42
28198689 282721.8008 907 GB5823.17 C8A4533.58 28.42
20198689 202722.0808 997 685824085 S8O4535.45 28.37
2019086089 2082723.080 908 685824.93 5804537 .40 28.36
2081908609 202724080 908 685825.79 5804539.33 28.45
28198689 282725.0800 908 GR5B26.67 CEANSYL] .25 28.51
20198689 282726.08008 900 685827 .57 CEONSL3 1Y 28.53
20198689 202727.0808 999 685828.50 580454510 20.48
2019086089 2082728.080 10088 685829 .40 5804547 04 28.49
281908689 2082729._0800 16888 68583032 CEALSLE 00 28.55
28198689 282730.0800 1688 G6B5831.26 CRALSEA.00 28.58
20198689 282731.0808 1881 685832.19 580455278 28.55
2019086089 202732.080 1001 685833.12 58084554 .70 28.54
2081908609 2082733.0080 1001 68583485 5804556 .65 28.55
28198689 2082734.08008 16882 GE5R3L.03 CRALSER .61 28.54

Figure 13. _StTp.txt data example

2.11 .sgy

The file generated by seismic station in accordance with station’s settings. The settings
must be recorded manually and input to geometry calculation MatLab script.
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3 Geometry calculation
3.1 Mathematics and assumption

The general features and steps of geometry calculation algorithm are described below.
The detailed description includes data-fields and procedures parameters will present with the
script chapter.
1) Dataset creation (linked to seismic station log Shots)
1.1) The shot-time get from _GunLog.txt-file.
1.2) The cross-link between Shots (FFID) and navigation Fix (Source Point Identification
Number) get from _StNav.txt-file.
1.3) The compliance between GunLink Shots numbers (secondary) and seismic station Shots
numbers (primary) controlled using UTC-time.
1.4) The all logs are combining in single dataset. There are:
-- _GunLog.txt contained primary Fix-UTC-time and secondary Shots numbers;
-- _GunLog.txt Shots numbers cross-link to seismic station Shots numbers;
-- _BirdLog.txt data interpolated to GunLog Fix-UTC-time;
-- _GunTp.txt data interpolated to GunLog Fix-UTC-time;
-- _StBuoy.txt data interpolated to GunLog Fix-UTC-time;
-- _StDpt.txt write to dataset using seismic station Shots numbers;
-- _StTens.txt data recalculate form seismic station time to UTC-time (using _StNav.txt data)
and interpolate to GunLog Fix-UTC-time;
-- _StTp.txt data interpolated to GunLog Fix-UTC-time.
The result is the synchronized dataset with GunLog Fix-UTC-time and seismic station
Shots numbers.
2) Geometry calculation (for each Shot)
2.1) Calculate streamer direction from streamer’s towpoint coordinates to tail buoy coordinates.
2.2) Calculate guns coordinates using: cluster towpoint coordinates, streamer direction (assume
that cluster umbilical towcable has the same direction), cluster umbilical towcable length.
2.3) Calculate birds’ coordinates using distance from streamer’s towpoint to birds and streamer
direction.
2.4) Calculate streamer channels coordinate using distance from streamer’s towpoint to channels
and streamer direction.
2.5) Calculate CMP1 coordinates using gun and channell coordinates.
2.6) Calculate distance from gun to channels, using gun and channels coordinates.
3) Depth and sea depth calculation (for each object)
3.1) Set gun depth using _GunLog.txt data.
3.2) Interpolate streamer channels depth, from birds’ distance along streamer to channels
distance along streamer.
3.3) Interpolate sea depth from MBES-belt bathy to gun coordinates, channels coordinates,
CMP1 coordinates.
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3.2 Discussion

(@) The guns coordinates calculation is rough, because assume about equal streamer and

umbilical towcable direction is weak. The ideally cluster must have GPS-positioning.
Another possible is calculates gun position using seismic direct wave. This can works well, if
the transverse distance from gun to first’s numbers of channels is comparable with “along”
distance. We can “take the bearings” to gun using several channels (direct waves) and
umbilical towcable length. By the data is redundant, we can create a statistical sampling of
decisions and estimate the decision quality.

(b) The birds and channels coordinates calculation do not take account of streamer depth. We
assume that depth is like the constant; it is mean that depth changes have not big influence to
“streamer length” changes.

(c) The relative between “bird depth” measurement and sea waves needs to be understood. Is it
instantaneous pressure measurement or system with “time lag”? Any case, the bird’s wing
algorithm includes “lag”; but is this lag apply to “depth data™?

(d) We can try to independently estimate channels depth using “frequency notches” for each
shot. But we need take an account sea waves influence too.

(e) The streamer approximate as a line from towpoint to tailbuoy. It is roughly assumption. There
are several ways to control and estimate streamer’s bend.

(1) We can use distance towpoint to tailbuoy for general “bend” estimation.

(2) We can use direct wave to find “small bend” for near channels and “big bend” for far
channels.

(3) We can use bird’s compass data (but we must understand compass errors).

(4) We can estimate sea-current and use “dragging algorithm with rods” or more difficult
algorithm to calculate streamer position depend current and towpoint track.

(5) The ideally we can use acoustic data (need to install transponders to streamer or acoustic
birds).
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4 Script using

4.1 MatLab installation

To install MatLab you need Installation Key and file with License. If you have it, in the
installation window the “Use a File Installation Key” must be used (Figure 14).

r Y
4\ MathWorks Installer ==

Select installation method

MATLAB

© 1ogin with a MathWorks Account SIMULINK

R2015b

Requires an Internet connection

() Use a File Installation Key what is this?

No Internet connection required

MathWorks products are protected by patents (see mathworks.com/patents) and copyright laws.
By entering into the Software License Agreement that follows, you will also agree to additional
restrictions on your use of these programs. Any unauthorized use, reproduction, or distribution
may result in civil and criminal penalties.

MATLAB and Simulink are registered trademarks of The MathWorks, Inc. Please see
mathworks.com/trademarks for a list of additional trademarks. Other product or brand names
may be trademarks or registered trademarks of their respective holders.

EETEE ) vewois

Figure 14. MatLab installation window

The next step is Toolbox choose. The geOmlib library used minimum additional
toolboxes. For some functions you need Curve fitting toolbox (function smooth), Statistical
toolbox (functions nanmean, nanmin, nanmax and same).

If MatLab will run as “user”, not “admin”, it is recommend to make follow changes:

-- Un-check “read only” flag for folder with MatLab installed;
-- present for “users” possible to write and change files in MatLab folder using politics.
When MatLab was running, we need to set path to library using Path Bowser (Figure 15).

The selected folders with geOmlib library and scripts need to move at bottom of path-list (Figure
16).

- R E " 1] Lz, New Variable | Analyze Code s {0} Preferences C% () .
Lﬂ EI,_P L —‘La Find Files &J HE‘ () U (>4 Community

N {1 Open Variable v {7 Run and Time i (5 Set Path
New New Open 1| Compare Import Save oo shiy Simulink  Layout Add-Ons  Help 3 Request Support
Script v v Data Workspace [/ ClearWorkspace v |72 Clear Commands v Library - Papual
: ChanRe the search path used by MATLAB to look for
FILE VARIABLE CODE | SIMULINK EN T

Figure 15. Path Bowser location in menu
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4 Set Path = 5

All changes take effect imrmediately.

MATLAE search path:

dd Folder..,
Bl =| | CA\Program Files\MATLABYR201SbYtoolbmdwaveletwvmultisigd &

Add with Subfalders... ; ChProgram Files\MATLABYR20 Shivtoolboxtwravelet\compression

, ChPrograrn Files\MATLAB\RZ 05k toolboxtwerve letanave derno

J ChPrograrn Files\MATLABYRZ 05k toolboxmatlabiebcarn

J CAPrograrn Files\MATLABNRZ0TSbVtoolboxdymatlabhexternalvinterface shebserdi
; ChAProgram Files\hATLABVR201 5byvtoolboxymatlabexternaliinterfaces

, ChPrograrn Files\MATLABVRZ 05N oo boxhmatlab\externaliintefaces e b seri

howe to Top J ChProgram Files\hATLABNRZ0T5bMtoolboxtmatlabhexternalinteface sovebiserd
J CAPrograr Files\hATLABYRZ0TSbvtoolboxdyrbwitargetsixpcixpe
Move Up | CAProgram Files\MATLABVRZ01Sbytoolb oxrtwdtargetsiepcitarg ety buildyepcbla

, ChPrograrn Files\MATLABVRZ 05N oo boxhrtndtargetsxpcitarget\buildiepcblod
J ChPrograrn Files\MATLABVWRZ 015N oo boxtrbedtargetsxpcitargetibuildiepoobs
howe to Bottom J ChAPrograrm Files\MATLABYRZ0T Sbtoolboxdyrbwitargetsixpcixpcapomngr

; CAProgram Files\hATLABVR20T Shivtoolboxhrtwitargetsizpczpedemos

o CA05_ProghGeOMLIbAMAIN

 CA05_ProghGedhLib

) C405_ProghGeOhALibhhaAINYbatch

; CAD5_ProghGeOhLiby AN, _wector W
Remove < >

howe Down

Sawe Close Rewert Default Help

Figure 16. List of folders in Path Bowser

4.2  Script’s commands Quick Start

The geOmlib library used the special commands format for own scripts:

{'ComName',Par1,Par2,...,ParN,ParDef1,...ParDefN};ScriptName;

where

{....} —the script initialization data (command name and parameters);

ComName — the command name;

Parl..ParN — the additional data and parameters for command execution; this type of parameters
is mandatory and must be defined;

ParDefl..ParDefN — the additional data and parameters for command execution; if this type of
parameters is not writes in command line, than defined values wrote in the script-
code are used,;

ScriptName — the name of script will execute.

There is the quick start guide for guhrGeoEelGeomRO02 script commands:

{'SU_Set'};guUhrGeoEelGeomR02;

Load general Setup parameters for script.
{'ML_Set'};gUhrGeoEelGeomR02;

Define "Map layers". The current script contained only one layer, this is “Line

planning”.
{'Main_Load};gUhrGeoEelGeomR02;

Load PR and ML variables with processed survey lines (or Create PR-variable).
{'PR_Set','0006_C L _HR_29'26,1};gUhrGeoEelGeomR02;
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Create dataset for single line and load Logs (see Input files) for dataset creation. The
defined Line Name is 0006_C L HR_29. The line direction is 26 degree. The line will
upload to PR-variable cell number 1.
{'Fix&Shot_QC',1};gUhrGeoEelGeomR02;
The visual Miss Shot’s searching and analysis. Used survey line loaded to PR-variable
cell number 1.
{Time_QC','StTp','Gps',1,1:3};gUhrGeoEelGeomR02;
Delete spikes and smooth Time for field 'StTp' (streamer towpoint). The time postfix is
'Gps' (usually can be 'Gps' or 'Comp'). Time smooth window is 1 (no smooth). The use
data in PR-variable cell number from 1 to 3.
{Time_QC','StBuoy','Gps',1,1:3};gUhrGeoEelGe