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Introduction

This document discusses the settings made in the SES Convert software to*cawend:. ses
files (SBP Innomar format) to sggformat. More specifically, it discusses settings related to the position
of the SBP transmitter in the vertical Z axis. The following issues are covered in the document:

-- methods for calculating tH&BP transmitteposition in the Zaxis;
-- information related to Axis elevationshat iscontained in sey files;
-- settings in the SES Convert software related-axig elevations

The document also discusses the SES Coopenation features when converting files

-- the AApply scale factor of 100 to SE® trace header value DELRIcheckboxeffect on conversion
results(the checkbox was added$ES Convert version 2.3.3.7);

-- a difference between theraw and*.ses3 files conversion results under the seamversion settingis
SES Convert;

-- a possibility of exporting SIS navigation messages to a text file usirggB8eConverprogram

-- an application of the seismic transmitter Z elevatiorrection to sey files outside theéSES Convert
usingMatLab / Octavescript,

-- an appearance of artifacts and seismic section level shifts in the converieéilsetppending on the
fApply range correctiom and AApply scale factor of 100 to SE® trace header value DELRT
checkboxes status



1. Methods for estimating the SBP transmitter vertical axis coordinates

Methodsfor estimating the position of a particular instrument placed wesaelrelative to the
vertical axis have evolved withe state of thart. Generallythere arghree steptghatcan be distinguished:

-- relative estimates (tidal control), when the first step was to determirisghdevead and the second one
to determine the position of the instrument relative to the sea level (related to the depth of the instrumen
mounting point, the roll and vertical roll of the vessel);

-- transient estimates (DGPS mode), when satellite navigation systems allowed the GPS antenna Z
coordinate to be determinécklative to the ellipsoid surfadghowever, the determination accuracy was
relatively low;

-- absolute estimates (RTK mode), when satellite navigation systems and ionospheric correction technolog
allowed the GPS antenna-coordinate to be determined with a sufficient accuracy for direct
recalculations when determining the instrumertiodrdinaé.

1.1 Relative estimateqoperation with tides)

Classical calculations did not allow the absolute position of the instrument placedvesdkto
be determined along the vertical axitie ficurrent sea levélor, morespecifically, thefiheight of sedevel
relative to the accepted zero mavkas useds an intermediate level of reference
Sea level slowly changes in accordance with tides, so this value is not referredfithasge in
sea level height relative to the accepted zero amankt iitidesd. This terminology substitution is generally
true for the open ocean; however, sea level-skare is affected by many additional factors such as-wind
driven and surge waves, effects associated with river runoff (e.g., standing waves at river confimeinces)
otherfinearshore effectd So, the ternfitide® used below should be understood ibraad sense dthe
change in sea level height in the area of operations performed by the vessel relative to the accepted ze
marko.
Tidal measurementan beperformedby two methods, where measuring devicespamsgtioned
outside the vessel onffixed base:
1) Usingmeasurementisom thegauging stations installed on thkore.In this case, conditionally, a rail
by which the water level value is takininstalled on the pieif the rail zero is tied to th@otionalsea
level zero and it is assumed that the piefi¥ied, the value taken from the rail will correspond to the
ficurrent sea level relative to the zero nial/henthe area of operationserformed by the vessid
moved away from the gauging stations, the difference betfisenlevel for theesseb andfisea level
for the gauging stati@gnwill increase because, as noted above, sea level near thesshffexted by
local nearshore factorsThe use of gaugingtationdatafiprovidesgood resultd when a neashore
survey isperformedat a short distance from sustations
2) Using measurements from the bottom tide gauges installed in the survey area. Arbotioted tide
gauge records the pressure sensors readings, from which the water column thickness can be calculat
For more accurate calculations, when convertinggaressensor readings into depth, the results of

submerged SVP and CTD measurements performed from the shipboard (these measurements give
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idea of the water column properties change in depth) and atmospheric pressure measurements are us
Binding of the sea surface to a zero mark, when measuring with tide gauges, is a separatevtfoblem
several ways of solution
In fact, for both methods, the sea level is recorded relative to a fixed point on the Earth's whitdcks,
tiedin some wayo the notionafizero mark of sea levél
Having obtained the values i@ide (sea level), whiclvary overflong periods of time we need
to take into accountheshortperiod fluctuations (movements) of timstrument positiopointonboard for
this purpose:
1) using the averaged readings of the dsafisor (Draft) we cafind out the height of thevessel's
metacenter above the water surface;
2) using MRU (Heaveglatawe canfind outthe height of shorperiod vertical movements of thvessel's
metacenter due to wave action;
3) using MRUdata(PitchrRoll-Heading) and Lever (Lever) we can find out the vertical displacement of
the instrument relative to thessel'snetacenter due to thessel'solling.
As a result of such calculatiotise instrumenZ-coordinate will be calculated as a sum of long
period and showperiod components of vertical displacements:
Z =Z_long(Tide) + Z_short(Pitch, Roll, Heading, Heave, Lever, Draft)

1.2 Transient estimates(DGPS mode)

With the advent of satellite navigation biecamepossible to determine tePS antennsertical
coordinate relative to satellites in geostationary orbit. That is, to use satellitéifixasl dasé instead of

the Earth's surface (which was used in relative estimates). However, the vertical position of the GPS antenr

(GPS_H) was determined with a large error and 1 time per second, which did not difiiredthyd use its

coordinates. The longeriod trend of GP@ntenna height was used as an intermedieterence level,

which was interpreted dtidal heighd. The following assumptions were made:

1) the GPS antenna height error follows a normal distribution, so averaging reduces the height erro
(standard deviation) inversely proportional to the root of the number of measurements in the sliding
window during averaging;

2) the width of the sliding window is sufficient to averabge GPSantenna oscillations caused by the
v e s sralihgbvith approximation to zero

The GPSantenna height error, given by the first condition, depends mainly on the ionosphere state
and is corrected bjionospheric correctio@swhichcannot be described agreormally distributed random
variableon a short time interval hereforethere is d@icompromiséfor the width of the averaging window

when calculating during the time in the windo\itides should not change mugthoweverthe window

should be wide enough so tli@PS antenna height fluctuations caused by ionospheri® angaveraged

and the height value is close to the true value.

As a result, théinstrumentZ-coordinate will be calculated as the sum of the Jpagod and shoxt

period components of the vertical movements:



Z =Z7Z_long(GPS_H) + Z_short(Pitch, Roll, Heading, Heave, Lever, Draft).
The use of GP@antenna height allowed, for examplee measurements teereferenced to thg-
axis when the vessel moves in the open sea along the profile with the length of hundreds of kilometers

when it is impossible to install bottotile gauges or use data from onshore gauging stations.

1.3 Absolute estimatedRTK and PPP mode)

With the development of satellite navigation, it became possible to determine ionospheric
corrections and transmit them to the vessel. At first, such measurements were performed near the sho
(RTK, local base stations), and later in the open sea (PRiecalsnetwork ofiglobab base stations).
When receiving ionospheric corrections, the GPS antert@oflinate can be determined with relatively
high accuracy (20 cm for PPP and 1.5 cm + 0.1 cm*distance from the base station for RTK) and the GPS
data I@ging frequency can be 10 Hz. This is sufficient to use the@®Sna heighidirectlyo to estimate
the instrument Zoordinate, i.e., without dividing the vertical movements into4pagod and shofperiod
components (without determining thi@termediate reference levadr tides).

There are two possible methods of calculating the instrumerttoddinate, depending on the
equipment composition and configuration:

1) oClassic RTK calculatiorts using PitchRoll-Heading values measured by MRU (Heave value and
vessel draft are not taken into account). In this case, the error in determining the instrgoenciizate
will be close to the error in determining the GPS antennactdinate and wilbe calculated as:

Z = Z(GPS_H, Pitch, Roll, Heading, Lever).

2) Calculations that are performed ffinternal MRU algorithmg, which additiorally use Heave and
acceleration valuesn this case, the erraf determining thenstrumentZ-coordinate will be smaller;
however, with today's state of the, there are still possiblunexpected effealdeading tothe large
Z-coordinateideviation® from the true valuandassociated with the operation of the MRU algorithms.
TheinstrumentZ-coordinate will be calculated as:

Z = Z(GPS_H, Pitch, Roll, Heading, Heave, Lever, Draft, Accelerations).



2. Seismicreceivers and sourcegosition along the Zaxis in segy

In the segy file the vertical axis position for the transmitter/receiver of the seismic signal (in our
case, the SBP transmitter) is recorded in several ways. Accordisblftingd of the SBP transmitter's-Z
coordinate in the vertical axis to bring it to ffieccepted zero madlcan be accomplished in several ways:
1) Shifting by adding iempty measuremenisto the beginning of the seismic traces (whempty

measurements are added, the seismic traces are shifted along the vertical axjs-indime.1). The
shift value is calculated as thadded empty measurememtsmber multiplied by the time of one
measurement. Since the time of one measurement is small, agdptly measurements shifts the
seismic traces ofsmall valuesg;

2) Changing thdirecording startlelayo, which is written in milliseconds in the header for each seismic
trace (headefiDelay Recording Tim& bytes 109110; according to the sggspecification, this offset
should be set in milliseconds, but sometimes it is agreed to use hundredths of milliseconds). In this cas
to shift the seismic traces along the vertical axis in time the part of the wffdple of milliseconds
can be recorded ifiDelay Recording Tim& and the part less than a millisecond canem®nded in
seismic trace shift;

3) Changing one of thévertical axis position in metedvalues recorded in the header for each seismic
trace. Byte numbers and names of-gdtpadergesponsible fofivertical axis position in metersare

given inTable2.1.

Table 2.1 Seismic traces headers in the-gdije containingfivertical axispositiord

Bytes Description
41-44 Receiver grouglevation (all elevations above the Vertical datum are positive and belg
negative)

4548 Surface elevation at source.

4952 Source depth below surface (a positive number).

5356 Datum elevation at receiver group.

57-60 Datum elevation agource.

61-64 Water depth at source.

65-68 Water depth at group.

69-70 Scalar to be applied to all elevations and depths specified in Trace Header by8e®o41
give the real value. Scalar = 1, +10, +100, +1000, or +10,000. If positive, scalar is us
multiplier; if negative, scalar is used as a divigdre scalar in Trace Header bytes@®
applies to values from bytes-48. The units are feet or meters as specified in Binary F
Header bytes 3253256. The Vertical Datum should Hefined through a Location Data
stanza (see sectionD SEGY rev.1 specification).

109110 | Delay Recording Time, misTime in milliseconds between initiation time of energy sou
and the time when recording of data samples begins. In SEG Y rev 0 this entry was ir
for deepwater work if data recording does not start at zero time. The entry can be neg
to accanmodate negative start times (i.e. data recorded before time zero, presumably
result of static application to the data trace). If a-mero value (negative or positive) is
recorded in this entry, a comment to that effect sthapbear in the Textual File Header.




Given the available methodsis reasonabldo recordishifts in distance uniéan the header fields
of the seismic data shown Trable 2.1, andfishifts in time unit§ in thefiDelay Recording Timefield and
by addingempty measurements to the beginning of the seismic débavever not all seismic data
processing and interpretatisoftwareallow to fiworko with the values of thbeadergjiven inTable 2.1.
Therefore, converters provide the possibility to enfihift-distance into fshift-timeo (i.e., AiDelay
Recording Time andfishift seismic survey by addirgmptymeasuremends. To convert values given in
units of length to units of time, the sounelocity in water will be required (and it is necessary to use the

soundvelocity exactly for the depth interval for which the distattied¢ime conversion is being made).

Drawing seismic section in SeiSee software

The paper presents figures with the seismic sections obtained using the SeiSee program.

When drawing a seismic section (seismic traces) in the SeiSee softhadajter are drawn
ignoring the shifts specified in the seismic trace headers. This means that there is no seismghiftaces
in the seismic section image, 8w time offset from théDelay Recording Timgfield and the distance
shifts from bytes11-68 (Table 2.1) are not displayedl'he seismic section fragment drawn in SeiSee is
shown below inFigure 2.1. The section upper part shows thempty measurementsadded to the
beginning of theseismic traces.

Seismic sections with th@Delay Recording Timevalue changed during their registration are
shown inFigure 4.1 andFigure 4.2. In the mentioned figurethe moments ofiDelay Recording Time
change in the seg headers correspond to tigep® in the seismic section shown in the SeiSee window
due to the seismic trace registration start time change (this time is not displayed in the SeiSee window, ar

the seismic trace always starts at 0 seconds).

Seismic ] Trace Headers | Haideopy |
e

Figure 2.1 Example of the seismic section displayed in SeiSee



3. RAW format, operation with SES Convert

Attention! There are files of.raw, *.ses3 and ses formats mentioned in the current section,
however, the described conversion results refer orflyraov format. They will be different for ses3 format
(seefiSES3 format, operation with SES Convaffor the results description).

There arethreefile formats into which seismic data are recorded by the Innomar Seiv and
*.ses3data containing thigull formo of seismic oscillationsds well ases (data containing tfienvelop@

- the result of seismic oscillatiomenvolution). The SES Converoftwareis used to convert raw, *.ses3
and*.ses files to seg. It can change the fieldis the seismic headecsrresponding to the vertical position
of the SBP transmitter, which are contained in b§@&$6, 571 60and109 110 (Table2.1).

SES Convert windows are shownHigure 3.17 Figure 3.4.

The*.raw and*.se8 files contain eight navigation messagshjch arelabelledasSIS inFigure
3.1; these messages are exported teyshgaders or used fonodifyo the seismic section. Alsthere are
MRU data (usuallyreceivedby SBP Innomafrom the TSSImessaggewithin the *.raw and*.ses files
(outside the navigation messages). SIS and MRfdcan be exported to text files using the options shown
in Figure 3.4. In addition, some of the hardware settings contained it ther and se3files are exported

to the segy text heade(Figure 3.5).

SES Convert (Build: Version: 2.3.3.1)

ination Folder
" » Data(D:) » 0_PIO0O333 » O3SBP » SGY » )
Source Folder
~_ v Data(D:) » 0_PIO0333 » 09SBF » 4y
Explore Folders and Select Source Files
> D2InDut B Size Item type Date modifisd
> 03 GIS .
3 . a_ 04 Oasis_project n 1440_Q1-Q2_006_20240430_115743.raw 50,5MB  RAW File 30/04/2024 14...
3 = 05 Sonariz_project H 1441_Q1-Q2_014_20240430_123425.raw 244,5MB  RAW File 30/04/2024 14...
‘.23 07Reporting | =] 1942_Q1-g2_no5_20240430_130610.raw 50,7MB  RAW File 30/04/2024 15...
» = 08_QMNSY | [£] 1443_01-02_013_20240430_134158.raw 48,6MB  RAW File 30/04/2024 15...
~ .= ooseP 1444_Q1-Q2_004_20240430_141500.raw 48,5MB  RAW File 30/04/2024 16...
Py S3sey - 1445_Q1-Q2_012_20240430_145722.ran 43,5MB  RAW File 30/04/2024 17... El
4 I I 1446_0Q1-02 003 _20240430_152952.raw 51,4MB RAW File 30/04/2024 17... -
File Information
File Mame: - 1454_R2-R3_011_20240430_201807.raw M avigation:
Arga M ame: 1454_RZ-R3_011 Range [m]: -5 SIS 1: 54714709371 SIS & 30042024
Travel Mame: MyTravel Data Type: R/ Data Type [SEP] SIS 2 5:.554990154 SISE -373
Ship Mame: ryShip Special Modes: SIS 3 0.000 SIS 7 EBO1S1E318
Profile Mumber: 487 Frequency: B0kHz /1980 ps SIS 4 207807 SIS & 299650.73

Figure 3.1 SES Convert, screen 1

Consider the settings below regarding the position of the Innomar transmitter along vertical axis.
There are three settings for working with the SBP transmittestsozdinate:
-- 0SISID with Z value in source file(§)field, that specifies which navigation message contains the Z
value. The navigation can send either fiide heighd or the SBP transmitter-Zoordinate in an
fiabsolute coordinate systélim a message with a Z value. The Z value is always written in byt66 53

and 5760 of the seismic headers in the sefije;
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-- OApply heave correctiancheckbox; when it is checked, the Heave values passed in the ddRU
(usually TSSImessaggare applied to the seismic traces;

-- Two checkboxegiApply tide correction with Z value [m] from SIS datand fApply flying depth
correction with Z value [m] from SIS datarhese checkboxes cannot be enabled at the same time. They
implement two different ways in which the Z value fréi®ISID with Z value in source file(8)

(specified in distance units) finserte@ into the time in the sey file.

3.1 SIS ID with Z value in source file(s) field

Figure 3.2 shows thefiSISID with Z value in source file(§)field. Both navigation messages
containingfitided values and th&BP transmitteZ-coordinate relative to theotional zero (calculated
fidirectly using theGPS antenn@-coordinaté) can berecordedo this field. The values are exported by
SES Convert in sey file seismic headergiDatum elevation at receiver graufbytes 5356) andfiDatum
elevation at sourcégbytes 5760). The Z values are exported in centimeters (even though by#:\6@l
contain a value of 1 and the sgdinary header will contain the dimensionimeters).

SES Convert (Build: Version: 2.3.3.1)

SEGY Conversion Settings
Navigation Source Coordinate Scale Factor
Select the SIS ID's of the SES files where the navigation data was stored during acquisition. SEG-Y files do not support floating point values. This requires a scaling of coordinates to
The source coordinates may consist of LAT/LON values or metric values, such as UTM become integer values. Choose an appropriate scale factor which is supported by the SEG-Y
coordinates. Select the choosen format of the coordinates accordingly. Furthermore, select processing software after data conversion. An example of the scaled coordinates from the
the SIS ID of a stored Z value which might be used for a depth correction. source file(s) is given below.
String format of coordinates in source file(s): Apply scale factor: (x 3500)
[FLOAT (e.q. UTM 332446067 - 6024889, 449) “

Example of scaled coordinates: SIS 8: 302809.77 —> 30280977
SIS-ID's of coordinates in source file(s): ED SIS 7: 8017034.22 —> 601703422

Conversion Parameter

I SIS-ID with Z value in source file(s):

- . " Select the byte order of the target machine on which the SEG-Y files will be processed. Normal
[C] S15-1D with KP value [float] in source file(s): PC's usually require the Intel format, whereas UNIX workstations require the Motorola format,

S . X Flease note, the CODA package always requires the Motorola format., Furthermore, select the
[ SIS-ID with Fix marker [nt32] in seurce file(s): EI:' channels to be converted. In many cases just the low frequency channel (LF) is necessary for

Byte arder of target machine:
Time Source

|Big Endian - Motarola Farmat ‘
Select the SIS ID of the SES files where the time information was stored during acquisition,
Alternatively, the automatically stored time of the acquisition PC can be used during data Convert and write LF channel(s)
conversion. Please check that the Date/Time format of the target machine matches the
Date/Time format of the source file(s). [0 Convert and write HF channel(s)
515-ID of time string in source file(s): :

[C] Use PC time stored in source file(s)

[ Interpolate time and write miliseconds to SEG-Y trace header [Bytes 233-234]

Figure 3.2 SESConvert,screer?
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SEGY Processing Settings
General Processing

Select whether heave correction should be applied during conversion or not. If yes, the online
acquired and internally stored heave data will be used. Furthermore, it is possible to reduce
the number of samples per trace. If required, apply a software fiter in order to decrease the
sample rate by factor 2.

| Apply heave correction I

Decrease sample rate by factor 2

Range Processing

SES files may contain Z values within the navigation data fields, such as RTK Z values, ROV
flying depths or tide values. There is an option to apply a depth correction. Please check
whether heave correction is still applicable in this case, depending on the accuracy, resolution
and frequency of the recorded 7 values. SES data files may be recorded with variable depth
ranges (i.e. due to changing water depth). Apply a range correction in order to produce a
SEG-Y file with a constant depth range between the minimum and maximum depth value within
the original SES file. Furthermare the depth data range can be extended with selectable
wvalues. This is useful to produce a common data set of SEG-Y files covering multiple depth
ranges within the source files).

Apply tide correction with Z value [m] from SIS data

[¥] Apply flying depth correction with Z value [m] from SIS data

Apply range correction
Extend depth data range from [m]:

ta [m]:

Coordinate Processing

Some seismic processing packages require unigue coordinate values for each trace, There is
the option to remove coordinate duplicates below, Please note, if coordinates were
interpolated then some traces will typically be lost at the start and end of the data file. If
coordinates were not interpolated then all traces in between coordinate updates are lost.,

Interpolate coordinates

Remove coordinate duplicates

Trace Numbers

Some seismic processing packages require unigue trace numbers over the entire project.
There is the option to calculate unique trace numbers based on date and time. Alternatively,
traces can be counted for the selected fles starting with #1. Trace numbers will be written to
the "FFID" field of the SEG-Y header (Bytes 9 to 12).

Field record number written to FRID header value:

(O Generate unique field record numbers based on date and time

(O Count traces for all selected files starting with #1

Count traces [FFID] for each file separately starting with #1

o Count traces [TRACL (Bytes 1-4)] for each file separately starting with #1
and write FFID from SIS-ID

Write trace number to 'trad' field of SEG-Y header (Bytes 1 to 4) for CODA compatibility

SIS-ID

Data Conversion

Options

Select whether additional ASCII files should be written, containing plain coordinates and ping
numbers. Some processing packages require these data for data import.
[#] Wirite separate ASCII file(s) with all motion sensor data

Column 110 7 Separator
FFID, Heading, Rol, Pitch, Yaw, Heave, Steering Roll, Steering Pitch

[¥] Write separate ASCII file(s) with coordinates

Column 1 Column 2 Column 3 Colurmn 4

|FFID ! ‘LON;’Easﬁng H |LAT,|’Nnrﬂ1ir1g= |— none - E ‘

Separator

Progress

Conversion of file: —

File progress: | |

Total progress: | |

Status

Successfully converted files: 1 of 1 with 0 error(s)

Conversion successful

1454_R2-R3_011_20240430_201807.raw

Figure 3.4 SESConvert,screer
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3.2 AApply heave correctiordo checkbox

Figure 3.3 shows thalApply heave correctiancheckbox. When it ishecked the Heave values
transmitted to the SBP hardware using the MiRlta(most often the TSSthessages formad used) are
added to the seismic section. Note that the Heave value must be transmitted exact§BéY ttamsmitter
installationpoint onboard. Heave values are applied by SES Conveifissssanic traces shity adding
empty measurements to them. The conversion of distance (Heave values) to units of time uses the soul
velocity entered in the settings of teeftwarelogging*.ses8 and*.raw files. This sound velocity value is
exported by SES Convert to teegy text headerKigure 3.5, Sound Velocity)Due to the relatively small
movements contained in Heave, the sound velocity error will give a relatively fraiso error after
conversion to time units.

If the Z value (fieldASISID with Z value in source file(8) containsfiHeave values, then the
fApply heave correctiamcheckbox should be checked in order to apply Heave.

If fithe SBP transmitter absolutechAordinatesd are written in the Z value (fieldSISID with Z
value in source file(8), it is very likely that thetides will be applied twiceither during conversion or
during loading into the seismic interpretation software wherfifpply heave correctiancheckbox is
checked . The double application of tides is caused by the fact that their values are already contained in tt

Z values.

Innomar Technologie GmkH
Original File: 1454 R2-R3_011_20240430_201807.raw
Ship Name: MyShip

Brea: 1454 R2-R3 011

Trawvel: MyTrawvel

Profilnumber: 437

transmitted Frequency: 5000 Hz
transmitted Pulses: 1

% Start Gain: 1% dB

Cl0 Traces: 5560

Cl1 Navigaticn-Example:

Cl2 5I5-Stringl: 54;15.790503

Cl3 5I5-String2: 5;55.32973%6%

Cl4 5I5-String3: 0.000

Cl5 5IS-Stringd: 204219

Clgé 5I5-StringS: 30042024

Cl7 5I5-5tringé: -3.61

Clg 5I5-String7: €017034.22

Cl9 5I5-StringS: 3028098.77

e = IS I S PR U

L O o R O A i IO I o B
(28]

o]

C21 Range Start{ocrg.): 31 m
C22 Bange Stopiorg.): S5l m
C23 Transducer Depth: 0 cm
C24 Sound Velocity: 1482 m/sec

C26 Innomar SEG-Y-Format (2.20 - 0312)

c3n
C3l
Cc32
C33
C34
C35
C36
C37
C3s
C39
C40

Figure 3.5 Example of a seg text header generated by SES Convert
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3.3 fApply flying depth correction with Z value [m] from SIS datao checkbox

When the checkbo®Apply flying depth correction with Z value [m] from SIS data checked, Z
values are recalculated in time units using the sound velocity entered in the settings of the lsgfivayre
*.se® and*.raw files (Figure 3.5, Sound Velocity).The resulting values are entered into th&es as
fishift-in-timed by addingfiempty measuremeritsin this casefimeasurementadding corresponds to
negative Z values.

Figure 3.6 shows three conversion results for the same seismic section, for figisblute Z
coordinate valudsare recorded in thSIS-ID with Z value in sourcéile(s)ofield:

(a)with the AApply heave correctiancheckbox cleared and tli&pply flying depth correction with Z
value [m] from SIS datacheckbox cleared, i.e., without any shift of the seismic traces;

(b) with the checkboxXiApply heave correctianchecked and the checkb&&pply flying depth correction
with Z value [m] from SIS datacleared, with the seismic traces shifted by the Heave value obtained
from the MRU messages and converted to time units;

(c) with the RApply heave correctiancheckbox cleared and thi#&pply flying depth correction with Z
value [m] from SIS datacheckbox checked, the seismic traces are shifted by the Z value, which already
contains the Heave values.

The seismic bottom ifigure 3.6-is shifted by 5 milliseconds (about 3.5 meters) relative to the
seismic bottom irrigure 3.6-b because the Z value was sefiitbsolute coordinatégHeave values, SBP
head depth below sea level, diidled values are included in Z). If we recalculatgure 3.6-f) with the
fApply heave correctiamcheckboxcheckedwe will get a double Heave compensation, where Heave will

appear on the seismic section in the bottom topography with the opposifiksigm Figure 3.7-b).
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a)

Seismiic | Trace Headers | Hardcopy |

Seismic Traceﬂeadersl Hargcopyl

Figure 3.6 Seismic section: (a) without seismic traces shift, (b) Heave applied from MRU, (c) GPS
antenna&-coordinate applied
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3.4 AApply tide correction with Z value [m] from SIS datad checkbox

To understand theperationgperformed by SES Convert when the checkidagply flying depth
correction with Z value [m] from SIS daitas checked, let us perform the conversion with different settings
for a seismic sectiowith fiabsolute Zcoordinate valugswritten in thefSISID with Z value in source
file(s)ofield. The conversion results are showrt-igure 3.7:

(a) with the checkboRApply tide correction with Z value [m] from SIS dateleared;
(b) with the checkboRApply tide correction with Z value [m] from SIS datehecked.

a)

Seismic Traceﬂeaders] Hargcopyl

Figure 3.7 Seismic section for which the checkb@pply tide correction with Z value [m] from SIS
datais (a) cleared, (b3hecked

The seismic bottom ifrigure 3.7-b is twice more affected by Heave than the seismic bottom in
Figure 3.7-a, while there is no shift in the vertical axis on the sectionfibelay Recording Tim&values
in the seismic headers do not chamagewel). Based on these patteriiscanbe assumd that when the
checkboxfiApply tide correction with Z value [m] from SIS datia checked, SES Convert version 2.3.3.1

performs the following calculations:
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1) Calculates the arithmetic mean for Z and subtracts it from the Z values, that can be written-as Zn=Z
mean(Z);

2) Converts the values of Zn into units of time using the sound velocity;

3) Applies Zn into the seismic traces by addifigmpty measuremernisin this casefimeasurements
adding corresponds to positive Z values.

Thus, when using the checkbd&pply tide correction with Z value [m] from SIS data
-- a constant componentifikst from the Z values byhich seismidraces are shifted;
-- the shift of seismic traces is performigith the opposite sighin relation to the shift with the checked

fApply flying depth correction with Z value [m] from SIS datheckbox.

3.5 HAApply range correctiono, fiExtended depth data rangé checkboxesand changes for
segy in the AiDelay Recording Timed field

SES Convert version 2.3.3.1 does not change the values iiDéhey Recording Tim&headers
(bytes 109110 for seismic traces in the sgdile) when theflApply tide correction with Z value [m] from
SIS data or AApply flying depth correction with Z value [m] from SIS datdheckboxes are checked.
The values in th@Delay Recording Timeéheader®f seismic traceare changed by two additional
checkboxes shown ifrigure 3.3:
-- ThefApply range correctiolcheckbox exports segfiles so that théDelay Recording Timivalue is
set uniform for all seismic traces in the file;
-- ThefiExtended depth data rangeheckbox adjusts tHielay Recording Timiso that the seismic traces
are in the specified depth range, using the sound velocity entered in the software settings when surveyir
the seismic profile. Using this checkbox, you can set a common depth range for all seismic profiles al
the site (in thicase, the lower boundary of time for seismic traces will be calculated using the sound

velocity in water).

3.6 AApply scale factor of 100 to SEGY trace header value DELRTO checkbox

The SES Convert version 2.3.3.1 (or perhaps an earlier version) has an adiditjgriglscale
factor of 100 to SE€ trace header value DELRTheckboxappeared on the@screen(Figure 3.3) and
shown inFigure 3.8. When this checkbox is checked together withileply tide correction with Z value
[m] from SIS data checkbox, two differences appear between the converted seismic files and the files
converted without the additional checkbox:
-- Thefirecording start delayvalue is written to théDelay Recording Tim&headers in hundredths of a
millisecond.
-- An additionalshift along the vertical axis is added to the seismic section.

If the Z value is set using absolute referencefi§8&s-1D with Z value in source file(s) fieldf),
then if thefiApply flying depth correction with Z value [m] from SIS datndfApply scale factor of 100
to SEGY trace header value DELREheckboxes are checked simultaneously, the seismic bottom appears

closer to its position in absolute markgyure 5.2-f. In other words, one can say that if these two
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checkboxes are checked simultaneouslyjpartial arithmetic mean subtractiorirom the Z values

considered aftided is performed (i.e., the constant componeribkishtracted, but not completely

Range Processing

SES5 files may contain Z values within the navigation data fields, such as RTK Z values,
ROV flying depths or tide values, There is an option to apply a depth correction, Please
check whether heave correction is still applicable in this case, depending on the
accuracy, reselution and frequency of the recorded Z values, SES data files may be
recorded with variable depth ranges (i.e. due to changing water depth), Apply a range
correction in order to produce a SEG-Y file with a constant depth range between the
minimum and maximum depth value within the original SES file. Furthermore the
depth data range can be extended with selectable values,

Apply tide correction with Z value [m] from 515 data

Apply range correction

[[] Extend depth data range from [m]:

ta [m):

pply scale factor of 100 to SEG-Y trace header value DELRT

Figure 3.8 fApply scale factor of 100 to SE® trace header value DELRTheckbox

3.7 SES Convert settings for.raw files if the SBPtransmitter Z -coordinate is specified
using absolute estimates

If the SBP transmitter Z coordinatare calculated usinthe GPS antenna (absolute estimates
obtained relativeao zero elevation mark using PPP correction for GPS). Thus, the SBP transmitter Z
coordinate already containiidalo, Heave an@SBP transmitter depdtcorrections.

When using SES Convert version 2.3.3.1 to conveatv files to segy (but not*. ses3 files!), the
checkboxes must be checked as showndnre 3.9. For this checkbox position, Z values will be entered
into the seismic traces by addifigmptymeasuremenégo the beginning of the seismic traces. At the same
time, the length units will be converted to time units at the rate of 1488 m/s set in the seismic data acquisitiol
software Figure 3.5).

The necessity of checking tli@pply range correctiaimcheckbox is described in thirtifacts
in the seismic section for the moments of the Delay Recording Time vatlesige (Apply range
correctiono checkboxfi section.

When loading seg files into the seismic data processing/interpretation software, it is necessary
NOT to use Z values from thi®atum elevation at receiver graufbytes 5356) andiDatum elevation at
sourc® (bytes 5760) segy seismic data headers, since these values are already contained in the seismic

trace shift by addingempty measuremerits
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SEGY Processing Settings
General Processing

Select whether heave correction should be applied during conversion or not. If yes,
the online acquired and internally stored heave data will be used. Furthermore, it is
possible to reduce the number of samples per trace. If required, apply a software filter
in order to decrease the sample rate by factor 2,

Aghly heave correction

Decrease sample rate by factor 2

Range Processing

SES files may contain Z values within the navigation data fields, such as RTK Z values,
ROV flying depths or tide values. There is an option to apply a depth correction. Please
check whether heave correction is still applicable in this case, depending on the
accuracy, resolution and frequency of the recorded Z values. SES data files may be
recorded with variable depth ranges (i.e. due to changing water depth). Apply a range
correction in order to produce a SEG-Y file with a constant depth range between the
minimum and maximum depth value within the original SES file. Furthermore the
depth data range can be extended with selectable values.

correction with Z value [m] from

App

[ APl fiying depth correction with  vaiue [m from oi5 data
—

ply range correction

Extend depth data range from [m]:

to [m}: 100 |~ |-

ly scale factor of 100 to SEG-Y trace header value DELRT

Coordinate Processing

Some seismic processing packages require unique coordinate values for each trace,
There is the option to remove coordinate duplicates below. Please note, if coordinates
were interpolated then some traces will typically be lost at the start and end of the
data file. If coordinates were not interpolated then all traces in between coordinate
updates are lost.

Interpolate coordinates

Remove coordinate duplicates
Trace Numbers

Some seismic processing packages require unique trace numbers over the entire
project. There is the option to calculate unique trace numbers based on date and
time, Alternatively, traces can be counted for the selected files starting with #1, Trace
numbers will be written to the "FFID" field of the SEG-Y header (Bytes 9to 12).

Figld record number wiritten to FFID header value:

() Generate unique field record numbers based on date and

() Count traces for all selected files starting with #1

Count traces [FFID] for each file separately starting with #1

o Count traces [TRACL (Bytes 1-4)] for each file separately starting
with #1 and write FFID from SI5-1D

L ===

Write trace number to 'tracl’ field of SEG-Y header (Bytes 1to 4) for
CODA compatibility

coordinate

Figure 3.9 The checkboxes for calculating the SBP transmitter Z coordinates from GPS antenna Z
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4. SES3 format, operation with SES Convert

Attention! When working with*. ses3 format, the conversion results will be different ftaraw
format if the same checkboxes are checked. To contpsee3 and.raw formats conversion we used
converters ofrersions2.3.3.1 and 2.3.4.0.

4.1 AApply flying depth correction with Z value [m] from SIS datao checkbox

The following checkboxes combination was used to coriveriv files recorded when calculating
the SBP transmitter Z coordinates using the GPS antenna Z coordinate (absolute estimates):
fApply heave correctiani Off,
fApply tide correction with Z value [m] from SIS data Off,
fApply flying depth correction with Z value [m] from SIS daiaOn,
fApply range correctioni Off,
fApply scale factor of 100 to SE® trace header value DELRT Off.
The result otonverting*.raw files to segy is shown in~Figure 3.6-m
The result obtained by checking these checkboxes when convertihgdls8 file is shown in
Figure 4.1. As can be seen from the lack of heave compensation for the seafloor in the seismic section, the

Z value was not applied to the seismic traces, when convertirigstss files.

4a M WP A

Figure 4.1 The result of thé. ses3 files conversion with tii&pply flying depth correction with Z value

[m] from SIS data checkbox checked

The seismic section screenshotinure 4.1 is made in the SeiSee programwo vertical steps
in the seismic section are due to the Delay Recording Time value change, which is not displayed in the
SeiSee window.

20



4.2 v j -8 ts GiApply tide correction with Z value [m] from SIS datao

If we check th@Apply tide correction with Z value [m] from SIS daeheckbox when converting
the *.ses3 file (thefApply flying depth correction with Z value [m] from SIS dateheckbox will be
cleared), we will get the result shownFHigure 4.2 (the same portion of the seismic section asiiure
4.1 is shown; the vertical steps appearing in the seismic section are due to the Delay Recording Time valu
change, which is not displayed in the SeiSee window).

As we can see from theigure 4.2, the Z value was applied and heave compensation was
performed during the conversion. If we compargure 4.2 with Figure 3.7, we can see that the Z value
was applied with théreversé sign for*.raw files when thé&Apply tide correction with Z value [m] from
SIS data checkbox was checked. Accordingly, the seismic bottom distortion due to hegaveria 3.7-b
was doubled. However, when converting thees3file, the Z sign is considered by the SES Convert
program asicorrecb and the distortion due to heavdiismovea (Figure 4.2).

Moreover, if theflApply tide correction with Z value [m] from SIS dateheckbox is checked,
the Z value is applied exactly @isded during *.ses3 conversion, i.e., the constant component is pre

subtracted from the Z values.

Figure 4.2 The result of thé.ses3 files conversion with ti&pply tide correction with Z value [m] from
SIS data checkbox checked

Based on the experience with field datiae following funexpected featurésccurred when
converting thef. ses3 format for multiple SBP survey sessions with checkboxes checkeldi@sring.2:
-- When converting in SES Convert version 2.3.3.1, the bottom depth was doubled, so the seismic sectio
was outside theegy file recording time. The only way to output the seismic section t¢y seas to check
thefiExtend depth data range fronttcheckbox, forcing the bottom boundary for the seismic section;
-- When converting in SES Convert version 2.3.4.0, the bottom depth was quadrupled.
Comparison of.seg8 files with idouble bottom depthin ISE2 and files converted without this feature did
not reveal the causes of this effect (the hardware settings available for viewing in ISE2 and the data field

nature were the same).
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As a result, the MatLab / Octave script described below was used to make Z corrections in the
segy file for files recorded irt.ses3 format.

4.3 Applying Z using MatLab / Octave

The script in Appendix 1 generates sefiles identical to the SES Convert results*foaw files
(applying Z withfApply flying depth correction with Z value [m] from SIS dathecked) when the SBP
transmitter Zcoordinates are calculated using the GPS anterrm#linate (absolute estimates obtained
relative to zero elevation mark using PPP correction for GPS).

To apply Z values outside the SES Convert, do the following:

1) convert &.raw file or a*.ses3 file to seg with cleared checkboxes responsible for applying Z or heave
compensation;

2) unload Z value from araw file or a*.ses3 file into a text file;

3) shift each seismic trace in the gefile by the Z value converted from distance units to time units.

To get a text file with Z values fromraw or*.ses3 files without using the ISE program, one can
use the option left in SES Converset the Z value instead of one of the coordinates and output this
ficoordinaté to an ASCII file as shown iRigure 4.3. The result of the conversion is a file similar to the

one shown irigure 4.4, containing the Z value in the second column.

SEGY Conversion Settings

Navigation Source

Select the 515 |D's of the SES files where the navigation data was stored during Options
acquisition. The source coordinates may consist of LAT/LON values or metric values,
such as UTM coordinates. Select the choosen format of the coordinates accordingly. Select whether additional ASCII files should be written, containing plain coordinates

String farmat of coordinates in source file[s):

[C] Write separate ASCII file(s) with all motion sensor data
FLOAT (e.g. UTM 332446.067 - 6024389,449) u ‘
515-10's of coordinates in source file(s): 3 IS o I I:I:I
6 Write separate'ﬂhﬁhﬂﬂﬁ- oordinates
SI5-1D with Z valuei il = Column 1 Column 2 Column 3 Column 4 Separator
-ID with Z value in source file(s): 6 & [FFD Bl [1z0orthing [ [FFiD Bl [0 E
=
[ SIS-ID with KP value [float] in source file(s):
[ SIS-ID with Fix marker [int32] in source file(s):
Progress

Time Source
Conversion of file:

Select the 515 ID of the SES files where the time information was stored during
acquisition. Alternatively, the automatically stored time of the acquisition PC can be
used during data conversion. Please check that the Date/Time format of the target
machine matches the Date/Time format of the source file(s). Total progress: | |

File progress: | |

5I5-1D of tirme string in source file(s): =

[C] Use PC time stored in source file(s) _

Interpelate time and write milliseconds to trace header Byte 233-23: H

Figure 4.3 Exporting Z values from theraw or*.ses3 file using SES Convert
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O il l|D||||||||2|D|||||||||3|D|||||||
1{1—»-2.730000 1 1fzn)
2|2———-2.780000 2 2[zx
3|3———-2.800000 3 3(zn)
4|4——-2.820000 4 4rx
5|5———-2.840000 5 5[z

Figure 4.4 Thecontents example of trexported filewith the Z values

Since after such a conversitime segy file will contain Z values instead of coordinates, it is
necessary to convert the file again with corf&IS-ID's of coordinates in source filesettings in order to
getiisegy file with coordinate&. It is also necessary to clear tfigpply heave correctian AApply tide
correction with Z value [m] from SIS dataiApply flying depth correction with Z value [m] from SIS
datad checkboxes responsible for applying Z or heave compensationfApydy range correctiol
checkbox should be checked for correctgdite creation(the reasons are described in the section below).

The seismic trace values are shifted using the MatLab / Octave script, the code of which is given
in AAppendix 1. MatLab / Octave code for shifting seismic traces byalief. Besidesshifting seismic
traces, the script introduces an additidigalin factod to bring the seismic signal gain in thees3 files in
line with the gain in thé&.raw files.

The script sequentially does the following:

1) requests the segfile name (with coordinates ifiSISID's of coordinates in source fidields and
without applying Z or heaveompensation);

2) requests the name of the text file containing Z values in a second column;

3) assigns the value of sound speed to the SV variable to be used in the conversion of distance units to tir
units;

4) assigns the gain factor to the GainK variable for seismic traces (to bring the yaiesid files in line
with the gain ir.raw files);

5) reads the contents of the sefjle and the text file with Z values;

6) convertsZ values into time units (taking into account the frequency of the seismic trace digitization);
7) shifts seismic traces by Z value (in time) and amplifies them;

8) saves the segfile to disk.

As a result of the actions described above, we get-g fkgficonverted from *.ses3, for which
-- Z values are mathematically entered in the same way as fordefile when converting in SES Convert
with the Apply flying depth correction with Z value [m] from SIS datzheckbox checked (for absolute
Z estimates, the SBP bottom will coincide the MBES bottoim,ire 5.3);

-- seismic traces gain coincides with the gain in files convertedfnaw format.

The use of the described approach is convenient for bringing teeg unified form, if the survey

for one area was performed by Innomar SBP, seterding in botlt. ses3 and.raw formatswith absolute

Z estimates.
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5. Artifacts in the seismic section for the moments of the Delay Recording

Time valueschange (Apply range correctiono checkbox)
Figure 5.1, Figure 5.2 andFigure 5.3 show the results of thesesJile converting with different

SES Convert settings. Tipertionof the seismic section is the sameéraBigure 4.2, however the section

is plottedin KingDom program. Unlikglottingin SeiSee, the seismic traces are plotééehg into account
therecordingstart time (i.e., shifted by tH#®elay Recording Timi&contained in the seismic trace headers

in the segy file). The red line shows the seafloor positimsed on thMBES data, converted to time units
andoverlaidon the seismic section. The SBP survey was performed with an equipment configuration in
which the SBP transmitté-coordinateis referenced to the-Zoordinate of the GPS amna (absolute
measurements). Thus, if the Z correction is enteoeckbctly, the seafloor positiobased orthe MBES data

and the seafloor position on the seismic section should coincide.

Note that when converting thieses3 file, the seafloor levels do not coincide under any SES
Convert settings; coincidence is only achieved when applying the MatLab / Octaversgript 6.3);

The incompletefiDelay Recording Tim& compensation for all seismic sections, except for
sections with thé@Apply range correctiobcheckbox checked, is noteworthy

The artifacts remaining aft@Delay Recording Tim&compensation are shown by blue arrows.
After the fApply scale factor of 100 to SE® trace header value DELRITcheckbox is checked, the
artifacts amplitude changes, but does not decrease by a factor of 100, as one would expect when increasi
thefaccuracy of fiDelay Recording Tim@values by a factor of 100.

Thus, when using SES Convert versions 2.3.3.1...2.3.4.0fiAlpply range correctiono
checkbox should always be checked avoid the marked artifacts.

Based on the experience with field dataring the*.raw and*. ses3iles conversiorwithout the

fApply range correctiolncheckboxchecked andvith artifactssteps the seismic sectioshift along the
vertical axis is added for the time from 0.5 to 3 millisecoaplsroximately for one of fifteen sggfiles.
The shift appears both when convertirigaw files underthe settings described in tf&ES Convert
settings for*.raw files if the SBPtransmitter Zcoordinate is specified using absolute estimdisection
and when convertingy ses3 files with Z correction using MatLab / OctaveisTheans thate shiftis not
related to the Z correction, but is probably the result of an incdiDetay Recording Timicorrection.

When thefiApply range correctiolcheckbox is checked, the shift disappears. However, if the
fApply scale factor of 100 to SE® trace header value DELRTheckbox is also checkedfihtroduces
its own offseb. Therefore, théiApply scale factor of 100 to SEGY trace header value DELRTO

checkbox must be always cleared.
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Figure 5.1 Results of thé.ses3 file conversion under different settings. Part 1
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