SEG-D, Rev 3.0
SEG Field Tape Standards
May, 2011



Table of Contents

1.0 INTRODUCGCTION. ... .otitiiiiiieie ettt e e et e e e e e e e e e s eeeeaaaeeeesennnns 5
1.1 CONTROLLING ORGANIZATION ...ceeeetiiiiuuuttinereaeeeeesssanssssneeeessnaaaassseeeeeaeeessssnssssnees 6
2.0 CHANGES INTRODUCED IN REVISION 3.0 ...ciiiieiiieiieeeeiiiiiiiieeee e 7
2.1CHANGESINTRODUCED INREVISION 2.1 .....coiiiiiiiiiiiiiiieeeeeee et eeeeemeee e 10
2.2CHANGESINTRODUCED INREV 2.0 .....iiiiiiiiiiieee ettt rmmmnns s sneeeeee e 11
2.3CHANGESINTRODUCED INREV 1 ....ciiiiiiiiiiiiiiiiiiiiiieieeeeeeeeetteeee e 13
3.0 FORMAT OVERVIEW ..ottt e 17
3.1 SEG-DTIMESTAMP. ...ttt ee e e e e e ettt e e e e e e e s sarnnnreaaeeeeesssnsneaeeeeeeaeeesannns 25
3.2 MULTI-COMPONENT DATA ...ttttttteeeeeaassnnteeereaaeeesssassssseeeasesssssssseseeeeesssannnes 27
3.3 EXTENDED RECORDING MODE ......ccttttttittietieeneeireeriessneessresieereeeeeeeeeeeeeeeeee 28
3.4 PERMANENT RECORDING SYSTEMS....uuuttririteeeeaasisnnnrnenreaeeeessasssneneneessannnns 28
3.5 TIME DRIFT ttttteeeeieettittetee e e e e e e s ettt eeeeanaaasaeeeeaaeeaeaannsnnseaenaaaaeeeseannsnsens 29
3.6 POSITIONS INSEG-D ..., 29
4.0 SEG-D, REV 3.0 STRUCTURE .....cooiiiiiiiiiiee e 31
4.1 REV 3.0STORAGEUNIT LABEL (TAPELABEL) ...vvvvviiiieeeiaiiiiiiiieeeeeee e e e 13
4.2 REV 3.0 TABLE OF CONTENTS(TOC) FILE (OPTIONAL) ...ccoeeeeeeeeeeeeeeeeeeeeeeee, 33
4.2 1 TOC HEAUEK ..coiiiiiiiiiiiieeiee ettt eeeeeaes 34
4.2.2 TOC RECOMM ENIY ..ouiiiiiiiiiiieeeee ittt memem et 36
4.2.3 Using the TOC with SEG-D 0N diSK............ceemeeeeeiiiiiiieeeecee e 37
5.0 HEADER BLOGCKS .....coiiiiiiiiiiiitii ettt snnne e e e 39
5.1 GENERAL HEADERS(GENERAL HEADER BLOCK #1,#2 AND #3 ARE REQUIRED .. 39
5.2SCAN TYPEHEADERS .....ctttiiieeetiieitiiiet e e e e e e e e s etteaeeaees st eeeeeaeeeeaannnnnsnneeeaaaeens 41
5.3DEMUX TRACE HEADER (REQUIRED) ......cceiieieeeeeeeeeeieeeeeeeeeee et eeeeeee e 42
5.4EXTENDED HEADER (OPTIONAL) ...oeeieiieeeeeeee et e e ee e e e e eee e 44
5.5EXTERNAL HEADER (OPTIONAL) ...ieeiieeeeee e ettt 44
5.6 GENERAL TRAILER (OPTIONAL) ....ctttttttttnnetnnnnnnnnnnnnnnnnnnnaasaasaaaassaaseaaasaaaeaaaaeens 44
5.6.1 Edit (SEG-D Trace Edit V1.0).........coooo it A 4
5.6.2 Navigation data backup..........oooo oo A7
5.6.3 TeXt COMMENT......uiiiiiiiiiiii et e e e ae e 47
I I A @ o 1SY=T V=T i (o T PP 48
5.6.5 User defined .........c.uuiiiiiiiiiiiiieee e 48
6.0 DATA BODY .ooiiiiiei ettt s mmee et a e e e e e s e sttt e e e e e e e e e s na e e e aeeeansssnseeneaaaeeas 49
6.1 DATA RECORDINGMETHOD .......cciiiiiiiiiiiiiiiiieeeeeeee ettt 49
6.2DSM FACTOR CALCULATION AND PHYSICAL UNIT ..t see e 45
6.3 SENSOR CALIBRATION.....eeeeeteiiuuttttaeeeeeeeeassaasssssseesesanaaaassssesseaeeesssasnssssnsseeeeeeesanns 56
7.0 HEADER TABLES .......oooiiiiie ittt e e et e e e e e e e e e snnsanees 58
7.1 GENERALHEADERBLOCK H#L .....uiiiiiiiiiiiiieiiiiiiieee e mmeemiseeee e 58
7.2 GENERALHEADERBLOCK H2 .....ovtiiiiiiiiee et vmmmemseeaaa e 59
7.3 GENERALHEADERBLOCK #3(TIMESTAMP AND SIZE HEADER .............. 60
7.4GENERALHEADERBLOCK #4 (VESSELCREW IDENTIFICATION) (OPTIONAL) 60
7.5 GENERALHEADERBLOCK #5(SURVEY AREA NAME) (OPTIONAL)......... 61
7.6 GENERALHEADERBLOCK #6 (CLIENT IDENTIFICATION) (OPTIONAL) .... 62
7.7 GENERALHEADERBLOCK #7(JOB IDENTIFICATION) (OPTIONAL) .......... 63
7.8 GENERALHEADERBLOCK #8(LINE IDENTIFICATION) (OPTIONAL) ........ 64



7.9 SOURCEDESCRIPTIONBLOCK (OPTIONAL) ....vvvvvttiateiainieeseaesaeeseeaeeeas 64
7.9.1 VIBRATOR ....ooiiiiitiii ettt emmeei ettt ennnee s 65
7.9.2 EXPLOSIVE ....ooiiiiiiii ettt ee e 65
7.9.3  AIRGUN ....oiiiiiiiiii it e e e snnee e 66
7.9.4 WATERGUN ....ooiiiiiiiiiiiiiii s mrmre ettt 67
7.9.5 ELECTROMAGNETICSOURCE..........coiiiiiiiiieiiiiiiee et mmme e 68
7.9.6 OTHERSOURCE .......ootiiiiiiiiiiiiiiiie et mmmme et 69
7.10 ADDITIONAL SOURCEINFO (OPTIONAL) ...cciiuttrieeiiireieeesirreeeessineeee e 69
7.11 SOURCEAUXILIARY CHANNEL REFERENCE(OPTIONAL) ....cceeevuvvnne. 70
7.12 COORDINATEREFERENCESYSTEMIDENTIFICATION (CONDITIONAL)72
7.13 POSITIONBLOCKS (OPTIONAL) ....etttttrieereeeeeeeeereessssssssssssssssssnessnnsnnnnnnnne 72
7.14 RELATIVE POSITIONBLOCK (OPTIONAL)......utttteiiiireeeaaniireieeeniineaeaanes 75
7.15 SCANTYPEHEADER (CHANNEL SET DESCRIPTOR ...ccvvtiiiieiiiiiiirireeeeeeenn 75
7.16 DEMUX TRACEHEADER........cciiiiiiiiiiiiie e 79
7.17 TRACEHEADEREXTENSIONHL ......ccciiiiiiiiiiiiiiiceiiee e 80
7.18 SENSORNFOHEADEREXTENSION(OPTIONAL)......cceeiiiiiiieerniieeaenanene 80
7.19 TIMESTAMP HEADER (OPTIONAL) ...ccttiieiiiiiiiiiieiee e e e e e e eeiineeeeeeee e e 81
7.20 SENSORCALIBRATION HEADER (OPTIONAL) ....vvvtieiiiiiiieaiitiiee e e 82
7.21 TIME DRIFT HEADER (OPTIONAL) ....uutttiiiieeeeeeeeeaiiieee et e e 83
7.22 ORIENTATION HEADER (OPTIONAL) ...cuttiiieeiiiiiee et e e 83
.................................................... 84
7.24 ELECTROMAGNETICSRC/RECVDESCBLOCK (OPTIONAL) ........ccccennne 85
7.25 GENERALTRAILER DESCRIPTIONBLOCK (OPTIONAL) ...cuvvvieeeeaiiienen. 86
8.0 HEADER BLOCK PARAMETERS ......ccoiiiiiiiiiitiiiec e 88
8.1 GENERALHEADER,BLOCK #1 ....cciiiiiiiiiiiiiiiie e smmmmae e 88
8.2 GENERALHEADERBLOCK #2 .....oviiiiiiiiiiee e 90
8.3 GENERALHEADERBLOCK #3(TIMESTAMP AND SIZE HEADER .............. 92
8.4 GENERALHEADERBLOCK #4 (VESSEL/CREW IDENTIFICATION) (OPTIONAL)
8.5 GENERALHEADERBLOCK #5(SURVEY AREA NAME) (OPTIONAL)......... 93
8.6 GENERALHEADERBLOCK #6 (CLIENT IDENTIFICATION) (OPTIONAL) .... 94
8.7 GENERALHEADERBLOCK #7(JOB IDENTIFICATION) (OPTIONAL) .......... 94
8.8 GENERALHEADERBLOCK #8(LINE IDENTIFICATION) (OPTIONAL) ........ 94
8.9 SOURCEDESCRIPTIONBLOCK (OPTIONAL) ..utvveeeeaiireeeeasiieeeeeeiineeeeens 95
8.9.1 VIBRATOR ...ttt emmm et 95
8.9.2 EXPLOSIVE ...ttt emm et 97
8.9.3  AIRGUN ...ttt ettt e e e e 99
8.9.4 WATERGUN ...ttt et 101
8.9.5 ELECTROMAGNETIC.......oitiiiiiiiiiiitiet et 102
8.9.6 OTHER SOURCE.......ccoiiiiiiiiiiiiie e 04
8.10 ADDITIONAL SOURCEINFO (OPTIONAL) ..ceeetiitireeeaaireeeeeaiireeeeaineeeas 106
8.11 SOURCEAUXILIARY CHANNEL REFERENCHOPTIONAL) ......ccccvenne 106
8.12 COORDINATEREFERENCESYSTEMIDENTIFICATION (CONDITIONAL)108
8.13 POSITIONBLOCKS (OPTIONAL) ...cvtttttteeeeaiaiinteeeeeeeeeessssisnnnneeeeeeeeeaaans 108
8.14 RELATIVE POSITIONBLOCK (OPTIONAL)......uvtteeiiiireeeeaaiireieeeaiieeeeaanes n
8.15 SCANTYPEHEADER (CHANNEL SET DESCRIPTOR.....ccvvvvvvverrererreenrennnnnns 111
8.16 CHANNEL SETDESCRIPTOR ....cciiiiiiiiiiiiiiee s e 112
8.17 DEMUX TRACEHEADER.......ccoiiiiiii it 116
8.18 TRACEHEADEREXTENSIONHL .....cccoiiiiiiiiiiiiiiiieeiieiee e 117
8.19 SENSORNFOHEADEREXTENSION(OPTIONAL)......ccviiiiiiiiaeiiiiieaennnes 119
8.20 TIMESTAMP HEADER (OPTIONAL) ...cvvtieiiiiiiaeeaiiiee e e s e e e e 119
8.21 SENSORCALIBRATION HEADER (OPTIONAL) ....vvvteeiiiiiieeiiirieeeeeineees 120

93



8.22 TIME DRIFT HEADER (OPTIONAL) ..uttitieiiitiiieeesiirie e s einer e s einnnee e 120

8.23 ORIENTATIONHEADER (OPTIONAL) .eeeeeeiiietiiieeeeeeeeeeeeeiieeeeeneeaeeeenns 121
.................................................. 124
8.25 ELECTROMAGNETICSRC/RECVDESCBLOCK (OPTIONAL)............... 125
8.26 GENERALTRAILER (OPTIONAL).....vtvuvetrtrrtrurerrrernrnnneinnnennnnsnnnnnnnnnnnnnnes 126
8.26.1 GENERAL TRAILER DESCRIPTION BLOCK (optional)................... 126
APPENDIX A: MANUFACTURERS OF SEISMIC FIELD RECORDER S ......... 128
APPENDIX B: GLOSSARY ettt ettt e e et r et e et s e e s e e e ereanrees 132
APPENDIX C: API PRODUCER ORGANIZATION CODE........ oo, 134
APPENDIX D: COORDINATE REFERENCE SYSTEM IDENTIFICAT ION.... 138
D.L L OCATION D AT A ittt e e e e et et e e s e et e et s et seararnsesnreensd 813
D.1.1 LOCAtION DAA SLANZA ... ....eeueen st ettt e e e e e e e e rneeenns 139
D.1.2 Example Stanzas for Location Data........ccccvvveeeeiiiiiiiiiiiieeee e 146
D.1.3 Location Data Coordinate Transformation SASNZ............ccoevevveeerireerreennnn. 151
D.1.4 Example Stanzas for Location Data Transfoiomat...............ccccvvvvvvnnnnnns 158
APPENDIX E: EXAMPLES AND CALCULATIONS ...ooiiiies e 160
E.LSAMPLES PER SCAN TY PE ... teuu ettt e et e e ea e e e e e e e e e e e e e e e e e e eennns 160
E.2SKEW FIELDS PER SCAN TYPE....uittiitniiteiieetieeeeeeeisseaessnissnnsesnsesnsssnsssnssineenns 160
E.SFILTER SLOPE CALCULATION. ... tet ettt e et e et e e ee e e e e e e e e e e e e eenns 161
E.4SEG-DFILE STORAGE ON NONTAPE MEDIA ... eeeeeeeeee e aeneens 161
E.5SEG-DRECORD INDEX INTERPRETATION FOR MARINELAND, SEABED, TRANSITION-ZONE, AND VSP SURVEYS
.......................................................................................................................... 162
B BT RACE EDIT EXAMPLE ....ceeu ettt et e e e e e e e e e e e e e e e e e e e e e eannneees 165
E.7 SOURCE INFORMATION INGENERAL HEADER ORTRACE HEADER.........ccvvvvvveenn. 166
E.BEXTENDED RECORDINGMODE EXAMPLE ....ceuiivniiiieeieeie e ieeeeeeeseessesennssans 168
E.OSEG-DTIMESTAMP CALCULATION ..ouneeeeeeeee et e e eee e e e e e e 169
E.10 ELECTROMAGNETIC(EM) SURVEY .....uutttiiituiinneennnennnennnnnnnnnnnnnnnnnnnnneessennnnnes 174
E.11 EXTENDED RECORDINGMODE 2 ...ccouiiiviiiieieiee et et e eee e e s senmm s e sanseeannesans 177



1.0 Introduction

For several years now there has been talk of ted for a new revision of the SEG-D standard fosre& field data. The
last major revision of the standard, Rev 2.0, wasdiphed in 1996 with an incremental update Revir22006. This new
Revision 3.0 recognizes the significant developm@ntacquisition and computer technologies andgsrthe standard
into line with current, and many envisioned futunelustry techniques and practices. It also resolgngstanding
ambiguities and corrects both typographic and &aturors that have been reported against theimxiSEG-D
standards. (It does not, we admit, contain thegoiietion for RODE encapsulation promised in the R® introduction.
It has been decided to keep the mapping of seidatecto RODE separate from the SEG-D format.) &vhdt fully
100% backwards compatible to prior revisions, thiy significant changes required to existing sofevéhat creates
SEG-D output is the generation of a third Genemsadier block, and updating the channelset descsiptd®6 bytes. Most
other additions are optional.

Among the major upgrades that can be encoded irheeder and trailer blocks are microsecond acctiméstamps,
detailed source and sensor (multicomponent includesicription, extended recording modes that aftmwearly 9 years
of continuous recording by permanent emplacemetdstromagnetic survey support, post-acquisitidtsgdoordinate
reference system datum and projection, microsesantple rates, and negative start times.

At the SEG convention in Houston in 2005, the SEGHhical Standards Committee decided to revivé&SE@-D
Format Subcommittee, with Stewart A. Levin of Halliton Energy Services, whose passions includeter@ance and
improvement of SEG-D input software packages, valenng to chair the subcommittee and provide geessary
energy to drive it forward. Since then there hesrbconsiderable activity to ascertain what shbaldontained in the
new revision, with email discussion lists, subcoitteei activities, progress reports in The LeadingeEaind First Break,
and meetings of interested parties at the EAGESE@ annual meetings. This updated standard etkpliccorporates
items and codes from the industry standards greug@s as Energistics and the International Assaciaif Oil and Gas
Producers (OGP).

The following individuals have been active partasips in this effort:

Jill Lewis Troika International Technical Stands Chair
Stewart A. Levin Halliburton SEG-D Subcommitteeair
Rune Hagelund Roxar Technical Standards VitaC
Barry D. Barrs ExxonMobil

Roger Lott Consultant

Tore Nilsen Schlumberger WesternGeco

Francois Daube Schlumberger WesternGeco

Paul Maton Sillimanite Consultants

Nils Aatland Fugro Seismic Imaging

Jacques Hamon Sercel

Angus Stott Petroleum Geo-Services

Peter Green Saudi Aramco

Joseph Cignoli Saudi Aramco

Bob Firth Troika International

Numerous other people have also participated &wstimes.

SEG-D Rev 3.0 5 May 2011



1.1 Controlling Organization

The SEG-D rev 3.0 is administered by the SEG Teehi8tandards Committee. Any questions, correstin
problems encountered in the format should be adddet®:

Society of Exploration Geophysicists
P.O. Box 702740
Tulsa, Ok 74170-2740

Attention: SEG Technical Standards Committee
Phone: (918) 497-5500

Fax: (918) 497-5557

Internet site: www.seg.org

SEG-D Rev 3.0 6 May 2011



2.0 Changes Introduced in Revision 3.0

Revision 3.0 introduces format changes to bettadlesthe requirements from modern seismic acqarsiind processing
systems. Revision 3.0 attempts to be an improved&bfor information exchange between the dataiaitogpn and
processing system by including important metadkéadquipment positions and trace edits.

The following list is a summary of the specific algas made in Revision 3.0 compared to 2.1:

1. Revision number changed from 2.1 to 3.0, see
a. Chapter 4,1 (Storage Unit Label, field number 8 a
b. Chapter 8.2 (General Header #2, byte 11 and 12).

2. The following headers are left mostly unchangedltmv e.g. pattern matching, i.e. searching foogeizable
patterns in a stream of data. The minor changes ar
a. Tape Label (updated the SEG-D version number),
b. General Header #1 (allow RFas value of byte 23, to support different base stirvals), and
c. Demux Trace Header (allow FFRfs value in bytes 5 and 6, to support extendee mmamber).

3. Rev 3.0 no longer requires a channel set to beptaemaking it possible to store a SEG-D recordheuit any
data. This supports creating a SEG-D record witls beader data, e.g. only External, Extended, ar@émeral
Trailer, which is useful for transferring metadb&tween systems.

4. Rev. 3.0 allows traces of zero length (no samplds} is done by setting start and end time tosdree value,
and setting number of samples to 0 (Byte 13-16hain@el Set Descriptor). This supports transferrat@
Header meta data between systems without any ttatied.

5. Rev 3.0 s still a shot domain format; however gasate mode, Extended Recording Mode, has beenl &dde
partially support non-shot domain data.

6. A high-resolution timestamp is introduced to actelgadetermine the time in SEG-D. The time of fsample in
record is entered in General Header #3 (Bytes R@jition measurements, orientation measurements;es
events, etc. all have a timestamp attached, wHictvamultiple measurements of the same type tstbieed
within the same record and trace header. This gheesnanufacturer a much more fine grained cowutvet, for
example, the movement of equipment during the tead allows the use of modern, more powerfiériitig
techniques to be applied to the data traces.

7. A SEG-D positioning format has been defined, ansitm blocks may be inserted into Trace Headens. T
datum and projection information is inserted as phthe General Header. A single SEG-D record khounly
contain one datum/projection, though a second ggtiger coordinate system (with same datum) mayzéso
used. Multiple datums/projections may exist fonaeg storage unit (tape), however it is recommertdambt
vary the coordinate system definitions as thiseéases the likelihood of errors in usage of the.data

8. Rev 3.0 has an extended indexing structure, allpwinore advanced logical addressing of traces, attdrb
grouping of information. The following indexes a@pported for sources and receivers: Line, PomihtAndex,
Depth, Group and Re-shoot index.

9. An orientation header has been defined to propenbport multi-component data. The format suppatiztion to
a global reference system as part of acquisitiotn be applied later in processing. The rotatjpecsfied in the
orientation header may or may not be applied asgbacquisition. The Trace type and Line, Poird &roup
indexes are used to determine which traces she@utdthted together.

SEG-D Rev 3.0 7 May 2011



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Rev 3.0 supports an increased range of sampliegvis, record lengths, number of channels, fikksolution,
etc. compared to Rev 2.x, to be able to handleatyeirements of modern acquisition systems. Intaudi
negative times for start of trace are now supported

The size of header, data, record etc. are nowattplstated in General Header to facilitate quieita access and
facilitate error recovery.

All header blocks have an enumerated type attafihyd 32 of all blocks), both to increase flexityilof the
format to and simplify decoding. This also allovilsr@ormation to be optional, simplifies error ery and
increases the robustness of the format. In additi@iows information to be inserted in the heaaled order
deemed most useful by the recorder.

The Channel Set Header has been extended to 9%tbysepport extended sampling intervals, tracgthes etc.
All values are now explicitly stated, no compleiccdation is required to determine, e.g., samplirigrval or
descale multiplier. In addition derived values,tsas the number of samples per channel, are apdicidy

stated to avoid ambiguities of prior versions & 8EG-D standard. A recorder-defined textual detson has
been added to the channel set descriptor to inetbasflexibility of the storage format and increaise efficiency
of information transfer between acquisition andcessing.

The number of channels per channel set has beended to 16,777,215.

General Header blocks for common acquisition inftion like Client, Job, Survey Area, Vessel/Crew &ime
information have been defined. The informationhese General Header blocks is intended to be & $éxtual
description of the specific item, not a completetailed description. To give a complete definitainthe survey
area, or store the complete client contract, thergal or Extended header may be used. The Gadesealer
blocks #4-8 are basically defined to simplify det@nagement and information identification.

The size of all recorder-defined headers (ExtenB&tbrnal and General Trailer) has been incredies.
maximum size of an External/Extended header is 5ib®vMB and a General Trailer may contain up to G238

The maximum Trace Header size has been increagdBMbytes to allow multiple positions or other
measurements to be inserted in each trace. The spag also be used by the recorder to store aedaed
amount of recorder-defined blocks.

The source information is far more comprehensiaea th Rev 2.x. A different General Header blocketygxists
to describe each source type (Vibrator, Airgun,)eteplacing the General Header Block N of Rev Zhe
information contained in the source descriptiorckéobasically aligns the information in SEG-D w8RS.

An additional source information block has beernrdaf to allow specification of the actual firinge of the
source (with microsecond accuracy), and the stttise source.

Compound sources can be created, i.e. sourcedriogtather sources, allowing SEG-D to store infation
about, e.g., single airguns and the combined saursigle vibrator trucks and the combined vibrag@up.

Aukxiliary trace reference blocks may be attachetth¢éosource information, listing which auxiliarnates contain
relevant information for the specified source.

The source information may be inserted into thedearHeader or Trace Header depending on what & mo
useful. For records with multiple source eventee(klip-sweep acquisition), storing the sourcermigtion in the
source related auxiliary traces (e.g. source rafersignal), is recommended.

Allow recording data in 64 bit IEEE

SEG-D Rev 3.0 8 May 2011



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Additional Valid Format Code for bytes 3 & 4 ottfseneral Header #1 is:
8080 64 bit IEEE float demultiplexed

To support acquisition systems where sensors gleydsl for longer periods of time without externbick
synchronization, a special Time drift header blbake been added. This allows storing informatioouab
drifting clocks (for quality control and more adeaal clock corrections post acquisition). It mushbeed that
even though SEGD supports logging of the inforrmt®EGD does not support storing data from multiple
drifting time reference systems. Traces must bekotvift corrected prior to record creation if détam multiple
sensors are stored in one record.

Support for Electromagnetic surveys has been adadeldgding Electromagnetic source description and
Electromagnetic receiver description.

Sensor calibration information may now be addedsBEupports an individual scaling factor, as pathe
sensor sensitivity value, and a more complex caiitn function in frequency or time domain. Thedtion can
either be specified as part of the trace headeq#ncy domain), or as a separate calibrationétréone
domain).

A set of standard measurements may now be addedgecial Measurement header block, which may be
inserted into a trace header. Multiple measurerletcks may be used in any trace. Supported measutsrare
depth, temperature, pressure, wind speed, altiyglegle time, etc. Note: The format of the Measumeinblock
is still not finalized, discussions still ongoingtvEnergistics regarding the contents.

The General Trailer format has been completely gbdrirom that of Rev 2.x. The new General Traitenfat
consists of a number of blocks of data, each aiphelof 32 bytes, and starting with a 32 byte dgsion header.
Any binary or ASCII block data may be stored unnfiedi as part of the General Trailer, as long asthek is
padded with zeros (0x00 — for binary data) or sp40820 — for ASCII data) until it is a multiple 82 bytes
long.

An edit format has been defined as part of the @rgailer, to simplify addition of post acquisiti edit records
(e.g. by quality control or processing systems}ktémdardize transfer of edit information betweegquésition and
processing. The format is based on3##5 ADS Trace Edit form@Norris et. al. 1999).

Storing positioning files like P1 and P2 as parthef General Trailer (for backup purposes), has bee
standardized.

Some other simple Trailer blocks, like Observer bBod Text Comments have also been defined.
Several examples have been added to Appendix E.
Revision 2.x Appendix D “Header Descriptors” hasteemoved.

Appendix F, which previously listed specific tapevds and corresponding maximum block sizes, has be
removed. SEG-D revision 3.0 supports data on amdfblock, variable block and byte stream devictuiting
tapes, disks, DVDs, and network connections witlore sizes up to any specific device, operatingesysfile
system, or network limits. The plan is to keep infation regarding specific devices, their bloclesiand
recommended usage in the Technical Standards padetp://www.seg.orgThis will allow keeping the
information up to date without modifying the stardtadocument.
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2.1 Changes Introduced in Revision 2.1

The following list discusses each of the specifiartiges made in Revision 2.1 compared to Revisian 2.
1. Revision number changed from 2.0 to 2.1, see
- Chapter 4, field number 2
- Chapter 8.2 (General Header # 2, byte 11 and 12).
2. Since Rev 2.1 is intended to handle ultra high itetepes, acceptable media is expanded to include:
STK 9940B, IBM 3592 (Jaguar-1) and IBM TS1128didar-2).
For further details, see Appendix F.

3. More than one production line per tape is allovadlong as a unique combinatiorfiefd file number and a new
line sequence numbeire used per storage unit.

The sequence number was added to General Headéyte21-22. Range is 1-65535 (Set to O if natyal
4. Appendix A is updated (Manufacturers of Seismidd-Recorders).

5. Appendix C is updated (APl Producer Organizationl&). Organization codes are now assigned by PAsehw
maintains the current list of codes (API in predeavision).

6. Producer organization code is no longer a reqdietd.

SEG-D Rev 3.0 10 May 2011



2.2 Changes Introduced in Rev 2.0

The following list discusses each of the specifiarges made in RevisionO2compared to Revision 1.0. Also
mentioned are changes which were discussed astjpbtelmanges to be included in Rev 2.0, but wereimduded in
Rev 20.

1. Since Rev D is intended to handle higher density tapes, dab#pmedia is expanded to include: 3490/3490E,
3590, D2, and D3.

2. It is not anticipated that the higher densitivels will be used to record multiplexed data. Rel @oes not
support multiplexed data.

3. No specific changes will be made to SEG-D todt@finon-shot domain” data. Either a new commitbeuld
be formed, or the charter of this committee shduddextended to develop a new format for this appbao. It
does not appear practical to extend SEG-D toifstapplication.

4, No special arrangements will be made to progideandard method of recording SPS in the SEG-Odredhe
relevant portions of SPS can be put into existiegder extensions in user defined positions.

5. The MP factor description will be modified tcadfy the meaning for fixed bit data (see MP disios in
section 7).

6. The description of byte 12 in the General Heasldyeing clarified to clearly state that the bytfines the

number of additional blocks. Figure 4 in the SEGRBv 1 document will be changed from # BLKS IN GEN
HDR to “# Additional blks in Gen Hdr". Another cagtion will be made to correctly state, for byteflthe
General Header, “File number of four digits (0-9086t to FFFF (Hex) when the file number is gre#tan
9999.

7. The RECEIVER LINE NUMBER (bytes 1-3) and RECER'EFPOINT NUMBER (Bytes 4-6) in the Trace
Header Extension have been modified to includeaetitnal component. An all one’s pattern (FFFEFR
either of these fields, will serve as a flag toidade that the complete five byte value will bedts in newly
defined locations in the Trace Header Extensior.Bace Header Extension table below.

8. The maximum number of Trace Header Extensionswslimited to 15.

9. Channels within the same Channel Set must now tiee same number of Trace Header Extensionse @ilhc
traces within a Channel Set will now contain thensanumber of Trace Header Extensions, the number of
Trace Header Extensions will be indicated in thar@iel Set Descriptor. The previously unused nibbByte
29 in the Channel Set Descriptor will now be ddlite be a 4 bit binary parameter that defines tiaber of
Trace Header Extensions for that Channel Set. Btef the Channel Set descriptor will now be:

0 1 2 3 4 5 6 7

EFHy [EFH, [EFH [EFHy [THE3 [THE> [THE; [THEQ

As a result of this limitation the Trace Header dbdion field in Byte 10 of the Trace Header wikalbe
redefined as a 4 bit value limited to a maximuni®fTrace Header Extensions.

10. The length of each trace within a Channel Setow restricted to be the same value. This linotagnd the
restricting the number of Trace Header Extensiorthé same number within a Channel Set will reisuitach
trace within a Channel Set being recorded withsdmae number of bytes.

11. A tape label will be required on each tape. détails of this label format are described inisec4.
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12. Data may be recorded in large logical blocksneximize the transfer rates with high density tapstems. 3
types of device structures are supported:

A) Variable block length devices.

Every shot record must be aligned on a block baonéi.e. each block will contain data from onlyeoshot
record). Multiple channel sets may be includedach block. When the data to be recorded in a liiookains
less than the maximum number of bytes in the bltwse will be no padding characters to fill thedi.

Storage Unit Structure in field 3 in Storage Urbel must contain the text “RECORD”
B) Byte stream devices

There is no concept of a block, even though tieeehidden underlying physical block structurethivi each
file, one or more shot records are written conseelytwithout any gap.

Storage Unit Structure in field 3 in Storage Urbel must contain the text “RECORD”
C) Fixed block length devices

Every shot record must be aligned on a block baonéi.e. each block will contain data from onlyeoshot
record). Multiple channel sets may be includecddth block. Typically the last block in a shot mecwill
contain less data than the block size, the remgipart of this block will be padded with characteithout any
information.

Storage Unit Structure in field 3 in Storage Urabel must contain the text “FIXREC” and the blaike is
found in field 5 in Storage Unit Label.

Note: Structure A can be mapped to a file digebtit one can not re-generate the same interblapk gnd
File Marks from data stored on a file. Structuraril C can be mapped to a file directly and thecgira can be
re-generated apart from the original position ef Hile Marks.

13. An appendix will be added to indicate the maximallowable block size for accepted types of meligs
expected that this table will need to be updatenagpmately once per year.

14. Byte 12 of the Trace Header will have an adddl option, TR= 03 Trace has been edited. Thiarpater will
indicate the acquisition system has modified onenore samples of this trace. During data acquisitiba
telemetry error occurs, a sample may be corru@ethe radio acquisition systems fill in this missdaga with
a copy of the previous sample, or interpolate ltarfithe missing sample. Trace edit can also oedoen a
noise edit process is applied by the acquisitistesy. The TR=03 flag should be set for those tradgsh
have been maodified by the acquisition system.

15. The SEG-D, Rev.Q format treats data going to tape as a byte strédenMarks are not required to separate
shot records, however File Marks may be includetétween shot records where appropriate to ease err
recovery and/or to provide logical partitioning tbe data. If used, File Marks may only be recordedhot
record boundaries. For field tapes, File Marksusdhdve written as frequently as possible, prefgréd every
shot. If data is staged on disk, many shots castdred in each file. When SEG-D, Re0 8ata is recorded on
tape, an EOD mark must be recorded after the &lit kecord and prior to the end of tape

16. The time standard referenced by byte 14 of3eeral Header has been changed from GMT to UTC.

17. Partitioning of a tape or other type media wwdlis now allowed. Each partition, or each tapwifpartitioned,
constitutes one storage unit. The storage undllalmall consist of the first 128 bytes of thetfiiser-writable
tape record in the first user-writable physicalddl@nd may, optionally, be followed by a File Marklo File
Mark shall be written before the storage unit label
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18. Added a field in the Trace Header extensidndaate the type of sensor used for that tracegByt).

2.3 Changes Introduced in Rev 1

In 1994, several changes were introduced to SEGibcrease flexibility. These changes are listddwe

1. To allow for additional defined fields in SEGHeaders, additional blocks are allowed for the Gdrdeader and
Demux Trace Header.

2. Added provision for an optional set of Genenail€r blocks. This type header allows provisiémsrecording
auxiliary seismic system and real-time navigatielated data in the trailer. The trailer is optlogad typically
follows all other recorded data.

The addition of the trailer will allow the accuratibn of system faults, data QC information, réakt navigation
position, and timing information on the same tageg contiguous with, the shotpoint that it reldies By

recording this data after all of the other dataljtaahal time is provided for collecting the datadaransferring it to
the recording system.

The Trailer blocks take the same general formhasGhannel Set Descriptor. Byte 11 uses the "Gharype
Identification" set to 1100 to indicate a Traildodk. Bytes 1 and 2 indicate the number of the gBanTrailer
block, with the first block numbered as 1.

All other information in the trailer is optionah@ may be formatted as desired by the manufaabgeat/
The number of General Trailer blocks is indicatedytes 13 and 14 of General Header Block #2.

3. Provide provision to include the revision of SBGormat. Added to Bytes 11 and 12 of General lde@lock #2
contain the SEG-D Revision Number. The revisiomber is a 16 bit unsigned binary number. The Ravis
number is 1 for the proposed version.

In addition, in the General Header Block #1, rebblof byte 12 contains the number of additionatks in the
general header. Nibble 1, byte 12 is an unsignehypnumber. This number will be 1 or greater$&G D Rev
1.

4. Added provision to include the source and recelgeations for each source and receiver locatiorour&
locations are included in the General Header Blo&dsck #3 contains the position for Source Set Atiditional
General Header Blocks may be included to allovaftiitional Source Sets.

Source positions are defined by a Source Line Murfthree bytes integer and two bytes fractior§parce Point
Number (three bytes integer and two bytes fractiandl a Source Point Index (one byte). This iradienvs several
locations for the source in the grid, the origivelle is 1 and that value is incremented by 1 etieny the source is
moved, even when it is moved back to a previoustiog).

Receiver locations are included in Trace Headderisions to be used with Demux Trace Headers. iWece
positions are defined by a Receiver Line Numbete@hnteger bytes and two fraction bytes), a Recdroint
Number (three bytes integer and two bytes fractiandl a Receiver Point Index (one byte). Thisxralews for
defining the receiver group in the grid, the orggimalue is 1 and that value is incremented by dretime the
receiver is moved, even when it is moved backeqitievious location.

5. Provide for the use of File Numbers greater $280. Bytes 1, 2, and 3 in General Header Bldtklbw for a

three byte, binary file number. When the file nemlIs greater than 9999, bytes 1 and 2 in the @Ehkrader
Block #1 must be set to FFFF.
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10.

11.

Provide for Extended Channel Sets/Scan Ty@eseral Header Block #2 allows for a two byte, iyimaumber of
Channel Sets/Scan Types in bytes 4 and 5. Whag tie Extended Channel Sets/Scan Types, byte Gerdral
Header #1 must be set to FF.

Provide for additional Extended and Externaldégdlocks. General Header Block #2 bytes 6 affidr Extended
Header blocks) and Bytes 8 and 9 (for External dehtibcks) allow the use of a two byte, binary nantb allow
more than 99 blocks. When using these capabjli@esneral Header Block #1 byte 31 (for extended)layte 32
(for external) must be set to FF.

Provide a mechanism for recording additionabrimiation about vibrator sources. Byte 15 of thed€sal Header
Block #N indicates the signal used to control itirgphase. Byte 16 indicates the type of vibréRyr Shear,
Marine). Bytes 28 and 29 contain the phase argjleden the pilot and the phase feedback signal.

The additional vibrator information may be re@mdfior multiple sets of sources by using additioBaheral
Header blocks.

Provide for larger number of samples per tra¢ging bytes 8, 9, and 10 of the Trace Header Bxian
Provide provisions for using 1/2" square tegotridges. (ANSI X3.180 1989).

Allow recording data in IEEE and other new fats
Additional Valid Format Codes for bytes 3 & 4 bétGeneral Header are:

0036 24 bit 2's compliment integer multiplexed
0038 32 bit 2's compliment integer multiplexed
0058 32 bit IEEE multiplexed

8036 24 bit 2's compliment integer demultiptéxe
8038 32 bit 2's compliment integer demultiptéxe
8058 32 bit IEEE demultiplexed

The IEEE format is fully documented in the EE&tandard,
"ANSI/IEEE Std 754 - 1985", available from thieEE.

The IEEE format is summarized as follows:

Bit 0 1 2 3 4 5 6 7

Byte 1 S G Gs G Cy G G G

Byte 2 G Q1 Q-2 Q3 Qs Qs Qs Q-7

Byte 3 Qs Qo Qo Qu Qi Qi3 Qi Qs

Byte 4 Qs Q17 Qis Qo Q2 Qau Q2 Qus(seeNotel)

The value (v) of a floating-point number represdrtethis format is determined as follows:

if e =255 & f£0..v=NaN Not-a-Number (see Note 2)
ife=255&f=0..v=(-Lx» Overflow

ifO<e<255. ... v=(-1fx 2% x (1.f) Normalized
fe=0&f£0...v=(-19x 2% (0.f) Denormalized
ife=0&f=0..v=(-1Fx0 + zero

where e = binary value of all C's (exponent)

f = binary value of all Q's (fraction)

NOTES: 1. Bit 7 of byte 4 must be zero to gus@runiqueness of the start of scan in the Mukgale
format (0058). It may be non zero in the demuwdeld format (8058).
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12.

13.

14.

15.

16.

17.

18.

2. A Not-a-Number (NaN) is interpreted asiraralid number. All other numbers are valid and
interpreted as described above.

Allow for the use of blocked records. Allow thed demultiplexed data (integral number of traness block).

Headers will not be blocked. All records in a Bledgll be the same size. Not all blocks will be tame size.
Byte 20 in the general header (B1 = 1) will indichtocked data. Blocks will be limited to 128 kijoes. All

traces in a block are in the same Channel Set.

Added the effective stack order (unsigned Pinam byte 30 in the Channel Set descriptor. t&&€t if the trace
data was intentionally set to real 0. Set to Ioiktack. Set to the effective stack order if tha dgthe result of
stacked data (with or without processing).

Improved definition of undefined fields. Alhdefined fields will be specified as: "This fielsl indefined by
this format".

Added provisions for a Trace Edit byte (byte 1@efmux Trace Header) to indicate traces zeroedfbon or
roll-off and to indicate deliberately zeroed traces

TR=0 No edit of this trace
TR=1 Trace part of dead channels for roll-on drailspread; trace intentionally zeroed.
TR=2 Trace intentionally zeroed.

Increased precision of MP factor, using bytd fhe Channel Set descriptor.

Since modern seismic vessels record more tharstoeamer at a time, a standard convention is redjuo
identify which streamer recorded each channel t.dehe Channel Set Descriptors are updated toldndmid
task. The definition of a channel set is expandeiticlude the following rules. A channel set igraup of
channels that:

a) Use identical recording parameters. This thedtthe same record length and sampling interval.

b) Use identical processing parameters, incluttiegsame filter selection and array forming paranset
A field has been added to Channel Set Descriptisr B8 to describe any array forming applied to data
in that channel set.

C) Originates from the same streamer cable fommatata. The streamer cable number for each ehann
set has been added to Channel Set Descriptor byte 3
d) Consists of channels with the same group sgadtor example, if one steamer has short grougirgpa

close to the boat and longer groups spacing at tifsgts, the data from that streamer would be
recorded as two channel sets.

In addition, the first channel in each channelgistart with Trace number one.
Correct the MP factor calculation (refer to Apgdix E7 in the SEG-D recording format descripion.

MP CALCULATION

The calculation oMP for a data recording method is given by one ofdllewing equations:

(@8] MP = FS—PA — Cmax; for binary exponents,

2 MP = FS— PA — 2 x Cmax; for quaternary exponents,

3 MP = FS— PA — 4 x Cmax; for hexadecimal exponents (except the 4 byte excess 64 method),
4) MP = FS—PA — 4 x (Cmax — 64); for excess 64 hexadecimal exponents,

) MP = FS—PA — (Cmax — 127); for 32 bit IEEE exponents,

where
25 = Converter full scale (millivolts),
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2™ = Minimum system gain,

and
Cmax = maximum value of the data exponent,
Cmax = 15 for binary exponents,
7 for quaternary exponents,
3 for hexadecimal exponents except excéss 6
127 for excess 64 exponents, and
255 for 32 bit IEEE exponents.

19. Added the option for using record lengths iliseicond increments (rather than the previous 9@éond
increments). The Extended Record Length is therddength, in unsigned binary milliseconds, anad&rded
in bytes 15-17 in General Header Block #2. If tpsion is used, Record Length (R), in the Gendedder
Block #1, bytes 26, 27 must be set to FFF.
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3.0 Format Overview

A SEG-D record consists of three different parntsesl consecutively on a storage media.

Record Header Trace Data Record Trailer
(Mandatory) (Optional) (Optional)
Start or record End or record

On blocked devices like tapes, each of these parts start on a block boundary.

The SEG-D, Rev 3.format treats data going to physical storage devasa byte stream which may be conveniently
divided, if needed, into records and blotkBigure 1 illustrates a typical record structure.

Each SEG-D Rev 3.0 dataset must begin with a stouagf label, as detailed in section 4. Followihg tabel, each
SEG-D record is recorded in demultiplexed form&GSD, Rev 3.0 does not support multiplexed datands

A tape or other media to be used for SEG-D, Regcdnding may be partitioned. Each partition, ahetape if not
partitioned, constitutes one storage unit. A dilekis a partition of a disk, and hence constiuestorage unit. If SEG-
D data are stored on a raw disk device (no filesysi.e. a byte stream device), the entire deviag be considered a
storage unit. Transferring SEG-D data across ndtsvisrallowed. Each network port (e.g. TCP or UDEkst) is then
considered a storage unit. A network port may bedus transfer an unlimited sequence of SEG-D frelcbrds.
However each time the transfer is closed and (ejeg@, the data must be prepended with a storagdabei. Using
other types of media for storing or transferringGSE data is allowed. Some examples are USB mentarkss flash
devices, solid state disks, DVDs, serial ports, etvernet transfer. The same rule applies heréhefdevice is
partitioned, e.g. placing each field file into gamte disk file, each partition is consideredaaiagie unit. However if
SEG-D data are read/written to the entire devicengsunit, the entire device is considered a seotait.

The storage unit label (tape label) shall congighe first 128 bytes of the first user-writablg@éarecord in the first
user-writable physical block and may, optionallg,fbllowed by a File Mark. No File Mark shall beiiten before the
storage unit label. For field tapes we recommeedstbrage unit label be followed by a File Mark.

When blocked data are being recorded, all of ttaalées may be included in the same block with thi@ithannel set.
If the header spans multiple blocks, the remairpag of the header may be stored in the same ldscthe initial
channel set. Each channel set may be split actosk boundaries. A trace may be split across sévwdoaks, and a
trace does not have to start on at a block boundéug trace header may also be split across blocks.

Data may be recorded in large blocks to maximizettansfer rates with high density tape systembred types of
device structures are supported:

A) Variable block length devices.

Every shot record must be aligned on a block baonéi.e. each block will contain data from onlyeoshot
record). Multiple channel sets may be includeddnh block. Blocks should not be padded to makie ldregth
up to the maximum block size specified in the Sjerdinit Label.

Storage Unit Structure in field 3 in Storage Urdbel must contain the text “RECORD”

! Each new field file must begin at a record boupdar
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B) Byte stream devices

There is no concept of a block, even though tieeeehidden underlying physical block structurethivi each
file, one or more shot records are written conseelytwithout any gap.

Storage Unit Structure in field 3 in Storage Urabel must contain the text “RECORD”, and Maximumhodk
Size should be set to 1.

C) Fixed block length devices

Every shot record must be aligned on a block baon¢i.e. each block will contain data from onlyeoshot
record). Multiple channel sets may be includecach block. Typically the last block in a shot mecwill
contain less data than the block size, the remgipart of this block will be padded with characteithout any
information.

Storage Unit Structure in Field 3 in Storage Wm@Ebel must contain the text “FIXREC” and the blagke is
found in Field 5 in Storage Unit Label.

Note: Structure A can be mapped to a file diyebtit one can not re-generate the same inter-tjagls (if
present) and File Marks from data stored on a 8teucture B and C can be mapped to a file direatigt the
structure can be re-generated apart from the aligiosition of the File Marks.

The SEG-D, Rev 3.0 format treats data going to &pea byte stream. File Marks are not requiresefzarate shot
records, however File Marks may be included betwsit records where appropriate to ease error eeg@and/or to

provide logical partitioning of the data. If usédle Marks may only be recorded at shot recordnblanies. For field

tapes, File Marks should be written as frequerdlpassible, preferably for every shot. If datasiaged on disk, many
shots can be stored in each file. When SEG-D,R@wata are recorded on tape, an EOD mark musidoeded after

that last valid record and prior to the end of tape

If the tape media supports multiple partitions, SB@ata may be written to any of the partitionstlod tape, each
beginning with a Storage Unit Label. Data from qguagtition cannot “run-over” into a subsequent itiart, each
partition must be capable of being decoded in igwia

On one tape, it is allowable to mix partitions @ning SEG-D data with partitions containing nonGsE formatted
information.

The headers of SEG-D Rev 3.0 can be very large amdpto previous versions of the format. The maxmiar each
of the main header types are shown below:

* General Header: 2,097,120 bytes ~ 2 MB
e Skew headers: 2,097,120 bytes ~2 MB
» Scan type header/Channel Set descriptors: 6,29by368 ~ 6 MB per scan type (up to 99 scan types)
* Extended Header: 536,870,880 byte$12 MB
» External Header: 536,870,880 bytes512 MB
* General Trailer: 137,438,953,440 bytes ~ 128 GB
* Trace Header: 8,180 bytes ~ 8 kB
In addition, the maximum trace size is
» Trace: 8,180 (header) + 34,359,738,360 (datasbyt®2 GB

Note: The headers and traces may therefore spatipteulape blocks
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SEGD Rev 3.0 disconnects tape blocks from datakbloompletely, the start of a header block/stattaafe may be
anywhere in a tape block. A header may also belsgtiveen two tape blocks, e.g. a trace headeharag just one
byte in one tape block, and the rest continuindpénext block.

The maximum block size used on the storage medistésl in the Tape Label, bytes 20-29. The maxinmioek size is
limited to about 4 GB in SEG-D Rev 3.0. If the sige device supports less than 4GB blocks, the maxitviock size
is determined by the manufacturer of the device fofiowing values should be used as the maximuwukbtize in the
media Tape Label:

For fixed block size media, this will be the blogke of the media.

For variable block media, this will be the maximbiack size used on the tape. The size is deternbgdte
data recorder, and may be less than the maximune wdtermined by the device manufacturer. Thes$inald
be selected to allow efficient reading and writiteda to/from the media.

For byte stream media, e.g. tape devices like BR, #SB memory sticks, network transfer, etc., the
maximum block size is always set to 1.

SEG-D data is streamed to/from the storage ded@esdream of bytes, split into blocks as defingthle device
manufacturer and the maximum block size in the Tagieel, with the following modifications:

The Tape Label must be located at the beginningeomedia, with no preceding data.
It is strongly recommended to write an end-of-filark after the Tape Label.

The General Header Block #1 (start of record) filse Trace Header (start of data) and the fBenheral
Trailer block (start of trailer) will alwaybke located at the beginning of a device block.fied block size
media, this means the previous block may have foableed with zeros, and for variable block sizeimete
previous block may be smaller than the maximumloBize indicated in the Tape Label.
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Information layout

128 bytes 32 bytes 32 bytes 32 bytes Nx32 bytes Nx32 bytes Nx32 bytes 96 bytes 96 bytes
B E | General | General | General : CRS : Channel | Channel Channel | Sample Channel | Sample | Extended External General E | Next Last E TOC E|E
o Li'i?rlzg; O | header header header G&"T{:;;T;o definition S((;urt:::nlanlgo set 1 set2 setn skew setn skew header header Data trailer O| SEGD SEGD | O File Oo| O
T F #1 #2 #3 P (optional) P! Header Header Header | Header Header | Header | (optional) (optional) (optional) | F | record record | F | (optional) | F | F
<4—Additional General Header blocks—Jp»4¢————————Scantype ———————————p» --- —/L/qs»t,scamype‘;‘/// - -g
T IS
< SEGD channel description header " » g T
< — —-==""SEGD record header > i e
H H H H H H H H H H
D Data D Data D Data D Data D Data D Data D Data D Data D Data D Data
R R R R R R R R R R
o . %f;ééé‘T;htTrace —p 4—Trace n—p4—Trace 1—Pp 4—Trace n—p 4—Trace —Pp 4—Trace ni—Pp
4 Chamnelsétt—————— P4 Channelset2————» <4——Channelset——p
e < e — type 1 » < type 2———p  4—Last scantype—p-
20 bytes = o VP
- . . User defined
Demux Sensor Source Position Orientation
trace Tr::ti ::izﬂer information information information information ":ife:zsier
header (optional) (optional) (optional) (optional) (optional)
« Trace header (up to 8180 bytes) »

SEG-

Figure 1. Record Format
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<4——Increasing Physical Block Number

Device specific file mark (optional)

Record Header (partial)

Record Header (partial)

Trace Header
Chset 1Trace 1

Data Chset 1/ Trace 1(partial)

Data Chs 1/Tr 1
(partial)

Trace Header
Chset 1 Trace 2

Data Chset 1/ Trace 2

Data Chset 1/ Trace 2 (partial)

Trace Header
Chset 1Trace 3

Data Chset 1/ Trace 3 (partial)

(partial)

~—
— ~ d
" I~ Data Chset 2 ~ Data Chset2 '«
Data Chset 1/ T rtial >
ata Chse race n (partial) ¥ Trace 1 g Trace2 |3
I I I
~
Data Channelset n/Trace n,
General Trailer, block 1
—

General Trailer, block Nyajier

¢—————————————Maximum Block Size (Tape Label, Field 5)
[¢—————————————Maximum Physical Block Length of Device

Device specific file mark (optional)

Figure 2. Variable Block Length Format Example
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Tape Label requirements:
Field 3: Record

Field 5: Largest block size
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4—— Increasing Physical Block Number

Device specific file mark (optional)

Record Header (partial)

Record Header (partial) Pad (0x0)

Trace Header

Chset 1Trace 1 Data Chset 1/ Trace 1(partial)

Data Chs 1/Tr 1 ! Trace Header Data Chset 1/ Trace 2
(partial) Chset 1 Trace 2

" Trace Header :
Data Chset 1/ Trace 2 (partial) Chset 1 Trace 3 Data Chset 1/ Trace 3 (partial)
—
= N ©
: I~ Data Chset 2 R Data Chset2 < [E
/ | >
Data Chset 1 / Trace n; (partial) g Trace 1 z Trace 2 zk
.y I I
~—
Data Channelset n/Trace n, Pad (0x0)
General Trailer, block 1
—
General Trailer, block Nyaier Pad (0x0) Tape Label requirements:
Field 3: FixRec
Field 5: Block size of device
< Maximum Physical Block Length of Device >

Device specific file mark (optional)

Figure 3. Fixed Block Length Format Example
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Device specific file mark

Record
Header

Data (Traces)

Shot Record #1

Record

Data (Traces) Header Data (Traces)

Shot Record #1

A4
A

Shot Record #2

Data (Traces)

General
Trailer

One Field Fle————————»

Shot Record #2

Record
Header

Data (Traces)

\/\k/\\/\\/\

Shot Record #3

A 4
A

General
Data (Traces) Trailer

A4

Shot Record #3

Tape Label requirements:
Field 3: Record

Field 5: Largest Block Size set to 1
Field 10: Max shots/file set to
number of records between file
marks (in this example 3)

Device specific file mark

Figure 4. Byte Stream Device Example (3 records with and without General Trailer)
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One Field Fle——mm

Start of disk file

Tape Record
Label Header Data (Traces)
e Shot Record #1
Record
Data (T!
ata (Traces) Header Data (Traces)

Shot Record #1

Shot Record #2

Data (Traces)

General
Trailer

Shot Record #2

Record
Header

Data (Traces)

)
)
)
)

Yy
A

Shot Record #3

N

Data (Traces)

General
Trailer

Shot Record #3

h 4

End of disk file

Figure 5. Disk File Example (3 records with and without General Trailer)
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Disk file

Format is similar to Byte Stream
device, however each disk file is a
storage unit starting with a Tape
Label, and may contain any
number of SEG-D records.

Network transfer (e.g. Ethernet
Similar format is used when
transferring SEG-D records
across networks. Every time a
network port is opened/transfer
initiated, it is viewed as starting a
new storage unit, hence a Tape
Label must be sent prior to any
SEG-D records. If number of
records to be sent is unknown at
the initiation of transfer, Field 10
of the Tape Label is set to 0.

Tape Label requirements:
Field 3: Record

Field 5: Largest Block Size set to 1
Field 10: Max shots/file set to
number of records in file (in this
example 3). If unknown at the time
of Tape Label creation, set to 0
(undefined/unknown)
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3.1 SEG-Dtimestamp

SEG-D Rev 3.0 supports a more accurate time stéap provided by the earlier versions. (Rev. 2.x baty a
timestamp accurate to one second stored in GeHerder Block #1.) There is need to be able to gaeh sample an
accurate timestamp, to be able to tie seismic ttaexternal events, externally acquired data, wilai. Previously
every manufacturer had their own proprietary tiroemiat, e.g. by storing a timestamp as part of theeritled or
External Header. As of SEG-D Rev 3.0, a timestamptored in General Header Block #3, bytes 1 tt & still
permissible to store timestamps as part of therBateor Extended Header, however the official tioighe SEG-D
record is now found in General Header Block #3.

Definition

A SEG-D Rev 3.0 timestamp is an 8 byte, signeekrmigan integer counting the number of microsecanase
6 Jan 1980 00:00:00 (GPS epoch). The timestamgualéo GPS time converted to microseconds.

This 8 byte timestamp is heretofore referred ta 8EG-D timestamp
The number range an 8 byte microsecond count stgpisaspproximately 9223372036854 seconds or 2924a(s.

Dates before 6 Jan 1980 00:00:00 will have negdiimestamps. The earliest timestamp allowed inrpewisions of
SEG-D was 1 Jan 1970 00:00:00 (SEG-D epoch). Seevlder more details regarding conversion betwesmrestamp
and UTC.

There are several reasons why GPS time has bemateskhs basis of SEG-D timestamp:
- Most seismic acquisition systems use GPS for poditg, and hence have GPS time easily available

- GPS time does not contain leap seconds, which woalde a problem for processing of any record itrgss
leap second boundaries (remember, in Rev 3.0 merasuts at several different times during the recoag
exist). For this reason, UTC was not chosen as lhaistimestamp.

- There are other time formats without leap secosdsh as International Atomic Time (TAIl) which track
proper time on the Earth’s geoid; however GPS issnsommonly used in seismic acquisition systems.

- There are proposals for redefinition of UTC (tomgéhiate leap seconds). This would cause problems for
handling historical data (i.e. tapes), as therelevbe a difference in definition before and aftez thange.

- Leap seconds are unpredictable (the Earth rotapeed changes at an unpredictable rate), so d@tipassible
to create a mathematical formula to calculate s=qond.

Relative Time Mode record

For recording systems without absolute time, tireedtamp in General Header Block #3 (bytes 1 to@tre set to 0,
and the Relative Time Mode in General Header BlggKbyte 30) set to 1. All timestamps in the recast then be
relative to start of record (time zero). If refecerto absolute time is required for such a rectivel,manufacturer is
responsible for providing the required informatssparately.

The time stamp in General Header Block #1 can ilatRe Time Mode either be set to 1 Jan 1970, grayimate
value of the actual time, or a relative time comgpato other records in the survey, whatever the ufaaturer
determines would best help interpretation of thia.da
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SEG-D timestamp and UTC conversion

There are a few problems with choosing GPS timdoasdation for a SEG-D timestamp, mainly relatedthe
timestamp in General Header Block #1, which is UTGordinated Universal Time) or GMT (Greenwich M&me).
This has not been changed in Rev. 3.0 for backeamntpatibility. However, when reading and writing&-D Rev 3.0
records, it is important to handle the differendes,by adding the proper number of leap seconds.

GPS was aligned with UTC on 6 Jan 1980, but dubdovariation in Earth’s rotation, the definitioh seconds, etc.,
leap seconds have to be added to UTC. As of APAB2UTC time is 15 seconds behind GPS time

The sequence of dates of the UTC second markeirsgdeap second are:

31 December 2005, 23h 59m 59s
31 December 2005, 23h 59m 60s
01 January 2006, Oh Om Os

Note: The interpretation of UTC timestamps needs to aBOvas a value of seconds! This was previouslhaoobunted
for in the Rev 2.x standard.

As GPS time is not defined prior to 6 Jan 198(p econds are added to UTC as defined by Intemadttomic Time

(TAI) such that the SEG-D timestamp equals TAI tiptes 19 seconds at the TAI epoch (1 Jan 1972 G@OPO(The

reason for the 19 seconds difference is the TAlashto start off with an initial difference to UT& 10 seconds (TAI
was synchronized with UTC at the start of 1958, laasl drifted ever since), then 9 leap seconds added during the
1970s. As GPS time was synchronized to UTC 6 J&0,18PS time is now running at a fixed 19 secoffigérdince to

TALl)

Prior to 1970 no official leap seconds existedS&65-D defines for the purpose of timestamp/UTC eosions that no
leap seconds exist for 1970 and 1971 (this shcaNe kery few practical consequences).

UTC to SEG-D timestamp difference:
01 MAR 2008: UTC 14 seconds behind timestamp
06 JAN 1980: UTC equal to timestamp
01 JAN 1970: UTC 9 seconds ahead of timestamp
See Appendix E for examples of conversions betwEEd and SEG-D timestamp.

The table below shows leap seconds added to UTE€ ginte 1970. Note the values for 1970 and 197itdfies) are
not according to international standards; theyjastvalues used to allow conversion of dates badkJan 1970 (SEG-
D epoch):

Year 30 June 31 Dec
1970 none none
1971 none none
1972 +1 second +1 second
1973 none +1 second
thru each year
1979

1980 none none
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1981 +1 second none
1982 +1 second none
1983 +1 second none
1984 none none
1985 +1 second none
1986 none none
1987 none +1 second
1988 none none
1989 none +1 second
1990 none +1 second
1991 none none
1992 +1 second none
1993 +1 second none
1994 +1 second none
1995 none +1 second
1996 none none
1997 +1 second none
1998 none +1 second
1999 none none
thru

2004

2005 none +1 second
2006 none none
2007 none none
2008 none +1 second
2009 none none
2010 none none

3.2  Multi-component data

Rev 2.x had limited support for multi-componentajaiut with several deficiencies. Rev 3.0 introduseveral new

sensor types, and Position/Orientation header blaxketter cope with multi-component acquisition.
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Multi-component data should be recorded with eamiponent in separate channel sets, i.e. the X coeman one
channel set, the Y component in another, etc. Dngponent type must be clearly indicated in the @khSet Header
and Trace Header Extension #1. The indices in THesder Extension #1 (i.e. receiver line/point/pamdex/group
index/depth index/reshoot index) will indicate whiitaces have to be processed together as a gnifperotation. The
group index will indicate the component number. Bkasor type will indicate which type of data etrelse contains.
Component numbering must be made such that

Cnorth Ril R12 RlS C1

Ceast |=|Rn Rn Ry ™G

Cvertical R31 R32 R33 CS

C is a component as indicated, R is the rotatiotrirndescribed by the values found in the OrientatHeader. ¢ C,,
C;indicates the component numbers (group index) rithagt be used in the trace extension headgfin, Ceasi Crertical
are components in the indicated direction afteation. Please refer to the drawing in the Orieatatieader section for
a better description of the different components.

3.3 Extended recording mode

To be able to support different types of advanemrding systems requiring very long record tin®&sG-D supports
anExtended Recording Mode.

Extended Recording Mode is turned on by settinggkiended Recording Mode flag of General HeadecIB#3 to 1
(byte 29). The trace will then start at the timdicated by the Timestamp Block in the Trace Heawdlet as calculated
by using the Start Time (byte 5-8) of the Channel Beader. As a consequence of this, the tracextenBed
Recording mode can utilize the ent#294,967,295 samplésce length.

As a Timestamp block is used to determine the tifrfast sample in each Channel Set (e.g. eachldatk), Extended
Recording mode also allows recording non-continudats. By adjusting the number of samples in than@il Set
header (bytes 13-16), and the start time in theeStamp header (bytes 1-8), the data may conta@shhlote that the
number of samples in each channelset is not radjtoree the same. Please refer to Appendix E.1d Eah0) for some
examples of how Extended Recording Mode may bzexi!

3.4 Permanent recording systems

SEG-D Rev 3.0 is also designed to support permasysteém recording, though its primary usage isnenéicquisition
of land/marine/seabed/transition zone surveys.

A permanent system consists of units with typicalyew sensors, and recording can last for daysven weeks.
SEG-D 3.0 supports traces of up to 2147 secontEngith. To record data for longer than this, midtiphannel sets
must be used, i.e. the same traces continue ietmélt channel set. Séxtended Recording Modebove. Multiple
traces from the same sensor are not allowed irchaenel set, but it is not necessary to make asoaw type for the
next channel set. This allows recording of upt@294,967,295 sampler trace * 65535 (max number of channel
sets) = 281,470,681 seconds or approximately 3288 avith highest sample rate (1 microsecond). Fancae
commonly used sample rate of 2 millisecs, the marmimnecord length is increased to more than 178%@sydf longer
recording is required, multiple SEG-D records mustcreated. (Note: The example above assumes arlglmannel

SEG-D Rev 3.0 28 May 2011



type is recorded. If multiple channel types aredegle multiple channel sets must be created, anchthémum record
length will be reduced accordingly.)

The sizes of headers have been extended to suppoeixtended amount of meta information requiredormanent

surveys. Metadata recording incidents occurringughout the record may appear as part of the EatemExtended

Headers, inserted into the Trace Header Extensioappended to the General Trailer. For devicel livitited amount

of memory and CPU, the General Trailer option mightpreferable. All metadata should be tagged thi¢hSEG-D

timestamp (if time related), and/or scantype#/ceaspt#/trace# (if trace related, and informatioh necorded as part
of the Trace Header).

3.5 Time drift

Some acquisition systems deploy single sensorfomibng periods of time without synchronizatiorthvother parts of
the acquisition system or an external clock refeege.g. GPS). Time drift (i.e. the clock runningdaster or slower rate
than GPS) is then a problem. SEGD supports reapttim time drift for each individual trace in thene Drift Header
block by storing the time of deployment and retaiesf the sensor, and the corresponding time affset

The data can then be time drift corrected usingaghalues directly (linear time correction). If aneadvanced time drift
correction is desired, the manufacturer is freéd®o. The manufacturer must then provide the tirifecorrection
information in manufacturer specific header blookpossibly other external data.

Trace data from a sensor unit may be recorded @C56rmat using a drifting clock, both in normaldeextended
recording mode. However all channels within theordanust have the same time drift (i.e. use theesimme reference
system).

Note:

Trace datanust be time drift corrected before merging trace diattan multiple drifting sensor units into one single
SEGD record, i.e. start of trace must be alignad,sample rate must be corrected. SEGD does npbsupegular
(drifting) sample intervals or time skew betweearmtels other than specified in the skew blocksteaa® sample skew
values.

See Appendix E, EM survey, for more details regagdhe time drift correction.

3.6 Positions in SEG-D

SEG-D allows for multiple coordinate tuples for dagation. A coordinate tuple is an ordered setaufrdinates
describing a position. For redundancy, two cooritaples can be given in different coordinatenazfee types for any
position, e.g. geographic and projected. Coordireference system types are:

Coordinate Tuple
CRS lype Coord 1 Coord 2 Coord 3
projected easting or northing| northing or easting
(see note 1) (see note 2) (see note 2)
geographic2D latitude longitude
geographic3D latitude longitude ellipsoidal height
vertical gravity-related height
or depth(see note 3)
geocentric geocentric X geocentric Y geocentric Z
compound latitude longitude gravity-related height
geographic+vertical or depth(see note 3) T
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compound easting or northing| northing or easting| gravity-related height
projected+vertical (see note 2) (see note 2) or depth(see note 3)

Notes:

1) Sometimes called "map grid".

2) There is significant variation worldwide in thenvention used for projected CRS axis order atlesfation. In
some cases the easting will be given before thimimgrand in other cases the order will be northoetpre
easting. In both of these scenarios the axagbe labeled X and Y; in such instances the firstrdimate will be
labeled X regardless of whether easting or northimg the second coordinate labeled Y.

3) Whether vertical coordinates are heights (paesitip) or depths (positive down) will be definedhe CRS
definition.

These three fields need to hold the following vaiue

Coord 1 Coord 2 Coord 3
min max min max min max
Value range: | -9,999,999| 60,800,000 -9,999,999 60,800,000 -60400] 6,400,000
Resolution: 10 significant figures 10 significant figures 9migcant figures
All coordinate fields are to be capable of beirgnsd.

Every coordinate tuple must be time-stamped, aligumultiple coordinate tuples to be given for aayrse or receiver
location in the record. Coordinates for each lazatnay be given for various phases of a projedanrpng, execution,
etc.

Coordinates only define location unambiguously wtrenCoordinate Reference System (CRS) to which éhe
referenced has been identified. This is done thrdhg Location Data and/or Location Data EPSG Refax extended
textual stanza. That Location Data stanza may pplemented with a Location Data Transformation rectésl textual
stanza. These stanzas are defined in Appendix Bt@aneld in the General Header in multiple Coordiriéeference
System Identification blocks.

All coordinates in a SEG-D file should preferabdyerence the same coordinate reference systemCB8edefinition
and Location Data stanza then applies to all looati Should there be a requirement to store coatekrin one of a
number of CRSs, then each CRS requires identifiodtirough separate Location Data and/or Locatiata[EPSG
Reference extended textual stanzas. Each coordietitaust be related to the relevant CRS througifieaence to the
relevant Location Data Stanza ID value, a singieger number between 1 and 65535.
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4.0 SEG-D, Rev 3.0 Structure

4.1 Rev 3.0 Storage Unit Label (Tape Label)

The first 128 bytes of data on a Rev 3.0 tape moissist of ASCII characters and will constitutetar&ge Unit Label.
This label is very similar to the RP-66 storaget latiel. The Storage Unit Label is also often neférto as the “Tape
Label” for historical reasons. The label formasisnmarized in the table below.

If the tape media supports multiple partitions, SE@Gata may be written to any of the partitionstioé tape, each
beginning with a Storage Unit Label. Data from guagtition can not “run over” into a subsequenttifan, each
partition must be capable of being decoded in igoia

On one tape, it is allowed to mix partitions contag SEG-D data with partitions containing non SEGermatted
information.

Table 1: Label

Field Description Bytes Start — end byte
1 Storage unit sequence number 4 1-4
2 SEG-D Revision 5 5-9
3 Storage unit structure (fixed or variable) 6 —1105
4 Binding edition 4 16 -19
5 Maximum block size 10 20-29
6 API Producer organization code 10 30-39
7 Creation date 11 40 - 50
8 Serial number 12 51 -62
9 Reserved 6 63 — 68
10 Storage set identifier 60
11 External Label Name 12 69 — 80
12 Recording Entity Name 24 81-104
13 User defined 14 105 -118
14 Max shot records per field record 10 1198 12

Field 1  TheStorage Unit Sequence Numbers an integer in the range 1 to 9999 that ind#te order in which
the current storage unit occurs in the storageT$et.first storage unit of a storage set has sesuramber
1, the second 2, and so on. This number is reprdesing the characters 0 to 9, right justifiethiéading
blanks if needed to fill out the field (No leadingros). The rightmost character is in byte 4 ofitiieel. This
field is optional If not used, it must be blank (filled with blankaracters). This implies that this is the only
storage unit within the storage set. Separatea§éoBets should be used for different data types.

SEG-D Rev 3.0 31 May 2011



Field 2

Field 3

Field 4

Field 5

Field 6

Field 7

TheSEG-D Revisionfield indicates which revision of SEG-D was usedrécord the data on this tape.
SD3.0 indicates that the data was recorded usirig-BERevision 3.0 (SD2.1 in previous revisien)his
field is required.

Storage Unit Structure is a name indicating the record structure of ttegage unit. This name is left
justified with trailing blanks if needed to fill othe field. The leftmost character is in byte XQhe label.
For SEG-D, Rev 3 tapes, this field must contain (RERD” or “FIXREC”. This field is required

“RECORD” — Records may be of variable length, iaggup to the Blocksize length specified in the
maximum Block size field of the storage unit lapehot zero). If the maximum Block size specifisczero,
then records may be of any length.

“FIXREC” — All records in the storage unit haveetsame length, namely that specified in the maximum
Block size field of the storage unit label. Altlgbuall storage units in the same storage set mast A
FIXREC structure, the maximum record length maydiféerent in different storage units. When the
FIXREC option is used, then the maximum record tleffigld shall not be 0 (zero).

Binding edition is the character B in byte 16 of the label folloMi®y a positive integer in the range 1 to 999
(no leading zeros), left justified with trailing drks if needed to fill out the field. The integealue
corresponds to the edition of the Part 3 of the, A/R66 standard used to describe the physical rignofi
the logical format to the storage uriitis field is requiredT he field should be set to ‘B2 ' for SEG-D Rev
3.0.

Maximum Block Size is an integer in the range of 0 to 4,294,967,285-(), indicating the maximum
block length for the storage unit, or O (zero)ntdeclared. This number is represented using thexctaas 0
to 9, right justified, with leading blanks if nesesy to fill out the field (no leading zeros). Ttightmost
character is byte 29 of the label. A valid valu®drzero) must be recorded. A value of 1 means $tygam
device (e.g. disk)lt is highly recommended to indicate the maximuatlkllength where possible, as this
will determine the size buffer needed to read ta,dand will enable reading the data at a moreiropt
speed (using multi-block read).

Producer organization codeis an integer in the range of 0 to 4,294,967,28%-() indicating the
organization code of the storage unit producers Thimber is represented using the characters Qrigh®
justified, with leading blanks if necessary to 6llit the field (NO leading zeros). The rightmosaretter is
byte 39 of the labelThis field may be empty, i.e. may contain all b&arik which case no storage unit
producer is specified (i.e. same as RP-66 V2).

Organization codes are assigned by Energisticeidy the Petrotechnical Open Standards Consortium
(POSC), which maintains the current list of codelease refer to Appendix C for a list of the cutlsen
assigned codes. To request a new organization codgct:

Energistics

24 E. Greenway Plaza

Suite 1315

Houston, TX 77046-2414 USA
+1 713 784-1880 telephone

+1 713 784-9219 fax
info@enerqistics.org

Creation dateis the earliest date that any current informati@s recorded on the storage unit. The date is
represented in the form dd-MMM-yyyy, where yyyytige year (e.g. 1996), MMM is one of (JAN, FEB,
MAR, APR, MAY, JUN, JUL, AUG, SEP, OCT, NOV, DEGnd dd is the day of the month in the range 1
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Field 8

Field 9

to 31. Days 1 to 9 may have one leading blank. Séyearator is a hyphen (codeifp This field is
required.

Serial number is an ID used to distinguish the storage unit frotiner storage units in an archive of an
enterprise. The specification and management odlseambers is delegated to organizations using thi
standard. If an external label is used the namedeumust be a subset of the serial number or therkad
Label Name in Field 10, and must occupy the riglsimoinaracters in the serial number (or ExternaleLab
Name). This field is required.

This field is reserved and should be reedras all blanks (code 3g).

Field 10-12 TheStorage set identifieris a descriptive name for the storage set. Eviamage unit in the same storage

set shall have the same value for tiser defined portion of the storage set identifier in its storage unit
label. Included in thé&torage Set Identifieris theExternal Label Name The characters in this field are
right justified with leading blank characters aquieed. If the tape does not have a physical labeh this
field must be blank. A physical label is optionalt if it exists, then this field is required ornifythe external
label is different from the lower 6 characters lod Serial Number in Field 8. The next field in Birage
set identifier is theRecording Entity Name This must contain the crew number or name, oresother
unique identifier which will differentiate the rerling entity which recorded this data from any othe
recording entity within the organization (as inaddin field 6). The 24 bytes may by any alphanumeri
characters. If multiple recording systems are use@ vessel or crew, then data recorded on eatbnsys
must be clearly distinguished. For example, an AB€bphysical crew (party 13), on the M/V Gopher,
recording data on two Zip 6000 recording systenmghirinave a Recording Entity Name on tapes recording
on the first recording system of:

ABC, Gopher, P13, Zip#1
On the second system, the Recording Entity Nanghtnhie:
ABC, Gopher, P13, Zip#2

The Recording Entity Name field is required.

Field 13 USER DEFINED

The next 14 bytes in this field may contain anyeotuser input information. The only restrictiorthiat the data
must be in ASCII.

Field 14 Max Number of shot records per field record Field Records are data between File Marks (18)y

4.2

It is not acceptable to use an ANSI label (or atheplabel or data) prior to the Storage Unit Label

An external, physical label is not required.

Rev 3.0 Table of Contents (TOC) File (optional)

The SEG-D TOC FILE is a table of contents for acffietape/file/storage unit. The TOC file consisfsa 448 byte
header defining general survey information, follovioy a list containing one 64 byte entry for eaBGSD record on
tape. The purpose of this list is to provide fasgkion of data, and give an overview of the stenagdia without
scanning through the entire e.g. tape.

The TOC file is optional, however for tapes andeotlarge media it is highly recommended to creal©g file.
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Note: The recorder is responsible for allocating encsjggice at the end of the storage media to allovaggoof the TOC
file. The size of the TOC file is not large, pleaster to the end of this section for an exampl& O file size

calculation.

The SEG-D TOC file may be stored on disk to proxddeoverview of, and fast access to, the data@migdia. It is
critical that the Serial Number in the Tape Labekl the SEG-D TOC Header matches to facilitateftimistionality. The
naming convention of these files should include$keal Number, Storage Unit Sequence Number em the Tape
Label, to ease the matching of TOC file to tape imed

On tape the TOC file must be separated from therathta with a File Mark before and after. The Tiis most
commonly stored at the end of tape (after last $E@eord, before any double File Mark or end of ragdhough it may

also be stored at the beginning, directly followihg Tape Label.

On disk (and similar devices), where no File Maekists, the TOC file will not be separated from test of the data,
hence the reader will need to recognize the TO€ HdadeT OC identifier'SEGD TOC FILE".

The TOC file consists of a header, followed by ®@C entry for each SEG-D record on the storage anedi

4.2.1 TOC Header

11%

Field Description Datatypg Start—end byt
1 TOC identifier. ASCII text 1-13
2 SEG-D Revision ASCII text 14-19
3 Serial number ASCII text 20-31
4 Client Identification ASCII text 32-63
5 Vessel/Crew Identification ASCII text 64 — 95
6 Country ASCII text 96 — 127
7 Region ASCII text 128 — 159
8 Block ASCII text 160 — 191
9 Survey Area Name ASCII text 192 - 223
10 Contract Number ASCII text 224 — 255
11 License ID ASCII text 256 — 287
12 | Survey Type ASCII text 288 — 307
13 Acquisition Contractor ASCII text 308 — 339
14 Acquisition Dates (from-to) ASCII text 340 — 364
15 Job Identification ASCII text 365 — 396
16 Media Sequence Within Record Set ASCII text 3902
17 Data Type Identifier ASCII text 403 - 434
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18 Undefined, fill with spaces (ASCII code g2 ASCII text 435 -438

19 Number Of Entries In TOC File ASCII text 439434

The ASCII text fields are left justified, spacé,(ASCIl 32,5 padded, unless otherwise specified. ASCI! fietds be
left blank, i.e. contain only space (* , ASCII 32 if they are not relevant.

If data from multiple surveys are present on theess&EG-D media, most fields of the header may fvélenk. If some
fields are common to all data, they may be filledNote: Storing data from e.g. multiple surveytocthe same tape is
not recommended.

Field 1 TOC identifier . Text indicating this is a TOC file. The field shd be set t6SEGD TOC FILE",
This field is required

Field 2 SEG-D Revision.Indicates which SEG-D revision data is stored @nrttedia. The field should be set to
SD3.0 to indicate SEG-D Revision 3.0. Must be ighto the SEG-D Revision (Field 2) of the Tape
Label of this storage unit (i.e. tape/disk fil&is field is required

Field 3 Serial number. Must be identical to the Serial Number (Field 8}rad Tape Label of this storage unit
(i.e. tape/disk file)This field is required

Field 4 Client Identification . The name of the client. Must match General He#@asf the SEG-D records (if
present).

Field 5 Vessel/Crew Identification The name of the vessel or crew acquiring the. détest match General

Header #4 of the SEG-D records (if present).

Field 6 Country. The name of the country the data was acquireld inultiple countries are involved, they
should all be listed here.

Field 7 Region The region of the country the data was acquined i
Field 8 Block. The block name of the survey area. If multipleckk are involved, they should all be listed.
Field 9 Survey Area Name The name of the survey area. Must match Genearatier #5 of the SEG-D records

(if present).

Field 10 Contract Number. The number/name of the survey contract.

Field 11 License ID. The license identification of the survey area.

Field 12 Survey Type The type of survey, the presently recommended are
“TOWED MARINE SEISMIC*
“LAND SEISMIC “

“TRANSITION ZONE  “
“SEABED SEISMIC  “
“VERTICAL SEISMIC “
“ELECTROMAGNETIC “
“COMBINATION “
“OTHER “
The COMBINATION survey is any combination of thengey types, e.g. combined TOWED MARINE
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and ELECTROMAGNETIC. Other strings may be usedhig increases the usability of the TOC file,
however it is recommended to use the standardiziegs whenever possible.

Field 13 Acquisition Contractor. The (legal) name of the acquisition contractouskuniquely identify the
acquisition contractor.

Field 14 Acquisition Dates (To-From). The range of dates of the data on this medidatth from only one day is
stored, to and from date is set to same date. dineat is “DD-MMM-YYYY — DD-MMM-YYYY”, e.g.
“03-JAN-2009 — 04-JAN-2009”

Field 15 Job Identification. The acquisition contractor job name/number/ideatiion for the survey. Must match
General Header #7 of the SEG-D records (if present)

Field 16 Media Sequence Within Record SefThe sequence of this storage media within tlaeneset. The
sequence starts counting at 1, and is increaseédlwiar each storage media (e.g. tape) for therdeset
(e.g. sequence or swath). For storage media withfdam multiple record sets, this field is set1d.

Field 17 Data Type Identifier. The data type identifier states which type obdatpresent on this storage media.
The acquisition system can freely define the cdstdexample: “RAW SEISMIC ORIGINAL
DATASET 17, “ROT/FILT DATASET COPY 2"

Field 19 Number Of Entries In TOC File. The number of TOC entries following this headiéeld format is
right justified, space (‘ *, ASCII 3g3) padded integer valu&his field is required

4.2.2 TOC Record Entry

Field Description Data type Start — end byte
1 Media File Number ASCII text 1-8
2 Record Within File ASCII text 9-15
3 Time of shot ASCII text 16 - 35
4 SEG-D File Number ASCII text 36 — 45
5 Record ID ASCII text 46 - 50
6 Record Set Number ASCII text 61-70
7 Line identification (name/number) ASCII text 7D4
8 User defined. ASCII text 95-128

The ASCII text fields are right justified, space,(ASCII 32,0 padded, unless otherwise specified. ASCII figtdg be
left blank, i.e. contain only space (' ‘, ASCII 32 if they are not relevant.

Field 1 Media File Number. This field is the media file number containing tREG-D record. Field format:
Unsigned integer. The number starts counting fromhk Tape Label has Media File Number 1, the first
SEG-D record is usually contained in Media File N@m2. This field is required
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Field 2

Field 3

Field 4

Field 5

Field 6

Field 7

Field 8

4.2.3

Record Within File. Multiple SEG-D records may be stored within omglke media file (though this is
not recommended for field tapes). Record Withim Bilarts counting from 1, i.e. the first SEG-D ielco
has Record Within File = 1 (and starts at byte thefmedia file). Field format: Unsigned integéhis
field is required

Time Of Shot This field is identical to the Time Zero of theG-D record (General Header Block #3,

bytes 1-8), and matches the timestamp in Gene@déteBlock #1 (bytes 11-16). Field format: Signed

integer.This field is required

SEG-D File Number. The SEG-D file number as listed in the Generadée of the SEG-D record
(bytes 1-2 of General Header Block #1, or bytesdf-@Beneral Header Block #2). Field format:
Unsigned integerThis field is required

Record ID. The record ID identifies the record within theosl set. Field format: Signed floating point

value, some examples: “4” “4.0” “4.000” “-4.0512rhis may be the shot point or source point numiber i

available, but can be any number that identify taord within the record set.

Record set number The record set this SEG-D record belongs to. Mashe same as bytes 21-22 of
General Header #2. Field format: Unsigned integer.

Line identification (name/number). The line number or name of the line the recoldrigs to. For
surveys where both receiver and source line nuniésss, it is recommended to set this field to the
source line number whenever possible. Set to efafitgpaces, ASCII 33 if not valid. Must match
General Header #8 Line Identification field of tREG-D record (if present). Field is left justifisdace (*
‘, ASCII 32,4) padded ASCII string.

User defined 34 bytes of user defined ASCII text. The fielah e freely utilized by the recorder, but the

contents must be ASCII text. Record as emptyWiith space (* ‘, ASCIl 32) if not used).

TOC file size calculation example:

Size of shot:
5000 channels, 10 seismic seconds (i.e. 10240setkinds) record length, SEG-D 8036 format (3 bgte p
sample) and 2 millisecond sampling rate. All tracerded for the full record time, each tracefhas32 byte
Trace Header Extension blocks. (For simplicity yeore the SEG-D record header, it is assumed soriadi
compared to the data).

5000 * (10240/2*3 + 5 * 32 + 20) = 77700000dw/t= 74.1 MB

Size of tape:
300 000 MB (or ~300 GB)

Size of table of contents file:
448 + 300000/74.1 * 128 = 507 KBpproximately)

The recorder of this dataset will need to leave kdbytes of space at the end of a 300 GB tapstianing the
TOC file.

Using the TOC with SEG-D on disk
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The Table of Contents is designed to aid in rapiess to data stored on tape and other sequert@broriented media
where random access to arbitrary byte locationthemedia is unavailable. For SEG-D datasets aest®ne huge
contiguous byte stream disk file, the TOC wouldrbgal and of quite modest utility, with just astiof TOC Record
entries showing the SEG-D File Numbers in that filet providing no way of locating those recordsrsbof reading
through the disk file until the desired recordie@untered (note that the reading is quite simpdeigh as GeneralHeader
#3 contains size of record allowing fast jump tatrrecord). For this reason, as well as to litné toss of data should a
disk file be corrupted, we recommend that SEG-[2 ¢hat createdirectly on disk in the following manner:

- The SEG-D Storage Unit Label and each Recordldhmuwritten to a separate disk file.

- The naming convention of these files should idelthe numeric Media File Number from the TOC Redemtry field.
We also recommend the disk file name include theoREeSet Number from that same TOC Record Entrytaadedia
Sequence Within Record Set from the TOC Headergmegd before the Media File Number.

For SEG-D records copidd disk from tape, the existing TOC is copied sk file of its own. In order for this copied
TOC to be immediately valid for the disk copy, veeammend the data be copied to disk in the follgwianner:

- Each individual tape file (which may include nipli SEG-D File Numbers) should be copied to a sepaisk file. A
dummy SEG-D Storage Unit Label must be prependedidta. It is recommended that the dummy labehset on the
tape Storage Unit Label, but modifications donehdihat it will not be confused with the real tajzga. It is however
strongly recommended to include a reference totiggnal tape media in the dummy label, e.g. biizitig the “User
defined” portion of the Storage Unit Label.

- The naming convention of these files should idelthe numeric Record Set Number, the Media Seguéfiithin
Record Set and Media File Number from the exisTiQxC.

For ease of listing and sorting, the numeric fiedd®edded in the file names should each be ofa fiength, with
leading zeros padded instead of blanks, so astmranodate the largest possible value for that fi€ld, for example, if
we use the template  FILE_[rsn]_[mseq]_[mfn].SADr file names, the Record Set Number (rsn) shbel5 digits
long, the Media Sequence Within File (mseq) shbel® digits long, and the Media File Number 8tdigpng. This
results in a file name of 29 characters, quite rgaahle on all modern computer systems.

Note: There are a lot of other ways of storing SE@ata on disk, for example storing each individizgde file as a disk
file in a filesystem directory. This is perfectgal, and may be very useful for internal dataager, but it is not
considered proper SEG-D data as each disk file doé¢start with a Storage Unit Label and the data oot be treated
as a stream of bytes (each disk file must be repdrately).
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5.0 Header blocks

The headers are blocks of data prior to the seidatia which contain auxiliary information about gesmic data, the
acquisition parameters, acquisition geometry, aser-defined information. The header block includéeseast three
General Header Blocks, zero or more Scan Type headed optional Extended and External headerseTireaders
are included in conjunction with each seismic ditae. Sections 7 and 8 detail the content of eguhheader.

In addition to header blocks which are recordedrpio the seismic data traces, an optional Gerlgsiler is allowed
following the seismic data. This allows recordirthey auxiliary information which is not availablethe beginning of
the record. Sections 7 and 8 include detailed g®sur of the allowed fields of the General Trailer

5.1 General Headers (General Header Block #1, #2 and #3 are required)

General Header Block #1 is 32 bytes long and costeiformation similar to SEG A, B, C, and the ored SEG-D
headers. Abbreviations are as close as possiltf®se used in previous formats.

SEG-D, Rev 3.0 requires the use of General HealbmkBt1, General Header Block #2 (as was also redun SEG-

D, Rev 2.x), and General Header #3 (new with SE®R&y 3.0). The General Headers define basic paesmdr the
record such as file number, time of record, nuntbehannel sets, sizes of meta and auxiliary dd#ta,General Header
Block #2 allows extended values exceeding the dimftGeneral Header Block #1; the values of Gendealder Block

#1 are then set to Fto indicate the actual value will be found elsergh@&lote that the Rev 2.1 Sequence Number has
been renamed Record Set Number to be applicableofotowed marine operations. For towed marine atjmrs, the
sequence number should be entered in that fieldef@é Header Block #3 contains an accurate timgstim the
record in addition to size information for the regtto allow quick searching through the record.

Bytes 1-3 in General Header Block #2 allow for se¢hbyte, binary file number. To use this extenfiednumber,
bytes 1 and 2 in General Header Block #1 must b de-Fhs.

General Header Block #2 also allows for a two bgteary number of Channel Sets/Scan Type in byt@sd5. When
using the Extended Channel Sets/Scan Type, byté i@ General Header Block #1 must be set t@. FF

Additional blocks may be added as needed by thaufaaturer or user.

Rev 3.0 has a much more flexible information suitetin the General Header than Rev 2.x. All Gendeslder blocks
except General Header Blocks #1-3 are optional, camdappear in any order, and a lot more informatan be
entered. (Rev. 3.0 allows up to 65535 General Hdaldeks, compared to the 15 allowed in Rev. 2Ix)achieve this,
byte 32 of all header blocks have been assigneD depending on its contents. The following arerently defined:

ID Contents (Block Name) Additional Scan Trace General
(Byte 32) General Type Headers Trailer
Headers Headers
024¢ General Header 2 *
0346 General Header 3 (Timestamp and sjze *
header)
104 Vessel/Crew identification * *
11 Survey Area Name * *
124 Client Name * *
134 Job identification * *
14 Line Identification * *
15 Vibrator Source Information * *
164 Explosive source information * *
174 Airgun source information * *
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18 Watergun source information * *
19 Electromagnetic source * *
1F Other source type information * *
204 Additional source information * *
2156 Source Auxiliary Channel Reference * *
304 Channel set description block 1 *
314 Channel set description block 2 *
324 Channel set description block 3 *
404 Demux Trace header extension 1 *
414¢ Sensor Info header extension block * *
424¢ Time Stamp Header block *
43¢ Sensor calibration block * *
44, Time drift block * *
45¢ Electromagnetic Src/Recv desc bloch * *
504 Position block 1 * *
51 Position block 2 * *
52:¢ Position block 3 * *
556 Coordinate Reference System * *
Identification block
564¢ Relative position block * *
60 Orientation Header block * *
61:¢ Measurement block * *
705 General Trailer Description Block *
B0y — FRg | User defined header block * *

Table 2 Header block types defined in SEG-D Rev 3.0

Note the table contains all standard defined heigghess, including those used in trace headers.iFhisne to allow the
same information to be inserted into a General Head a Trace Header, depending on what is modulugéde *
marks which blocks can be inserted in which pairth® SEG-D structure. Please note:

- The Scan Type Header/Channel Set Descriptors Iewimlg the General Header blocks, and should only
contain Channel Set Description block 1-3. No otfleck types should be inserted in the Scan Typadee

- The ordering of blocks is used to indicate what itifermation in the block refers to, e.g. a PositBlock
(50,6-526) following a Vibrator Source Information block (Epdescribes the position of the specified vibrator.

- The General Trailer consists of manufacturer sptiblocks separated by General Trailer Descriptiocks,
which means any other information, including theder blocks above, may be stored in the Generdefra

- The table above gives a guide to where the bloakshbe stored, however each manufacturer must determ

what is most useful in each case. For examplengtd@urvey Area Name (14 may not make much sense in
most cases.

And note:

Though there is support for user-defined block sypee recommend using only standard header blockse General
Header, and placing user-defined information into EBxtended or External header. These have much ma@#able
space available and allow a more flexible formasetidefined blocks are really intended to be usethe Trace
Header.

The General Header is a sequence of 32 byte blotkkfferent types, identified by the ID in byte ,3@escribing
general information about the entire record.

Information blocks commonly inserted into a Genétaader are Vessel/Crew Identification ()0 Survey Area Name
(111¢), Client Name (1%), Job Identification (1), and Line Identification (114).
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If the record is related to a single source evehot), we recommend inserting information regardimg source (IDs

1516—19 6 or 1R¢ depending on source type) into a General Headenulfiple source events occur in the record, e.g.
in land slip-sweep operations, storing the sounéarmation in the relevant auxiliary source traeadters can be done.

To be able to associate information to the corsearce (in General Header or Trace Header), théenddocks should
be ordered such that all information regarding soerce is grouped together, followed by informatietated to the
next source etc. This is crucial when dealing \Bittcks not containing the Source ID like the PositBlock. This can
schematically be summarized like this:

Source
0.1 Description
Additional
0.1 Source Info
o.r o.n Source Aux
" Channel Reference
0..q
o.m Position
" | Block
0 Any other blocks
P related to the source

5.2 Scan Type Headers

The Scan Type Header is used to describe the iatoym about the recorded channels (filters, sargpiimervals,

sample skew, etc.). The Scan Type Header is cordpoS@ne or more channel set descriptors followgdskew

information. The channel set descriptors must appeshe same order as their respective channel wilt appear

within a base scan interval. A channel set, whicpdrt of a scan type, is defined as a group ofirebia all recorded
with identical recording parameters. One or moranckel sets can be recorded concurrently within smas type. In
addition, there can be multiple scan types to pedymamic scan type changes during the record, (82gchannels at
1/2 ms switched at about 1 second to 48 channélsnad). Where there are dynamic changes, Scan Higpeer #1
describes the first part of the record, Scan Typader #2 the second part, etc. Within the Scan Hegmder, each
channel set descriptor is composed of a 96 bytd, fand up to 65535 channel set descriptors maprbeent. In

addition, up to 99 scan type headers may be wlilize record.

Following the channel set descriptors of a scae e a number of 32 byte fields (SK, specifietyte 30 of General

Header #1) that specify sample skew. Sample sk&)i€Srecorded in a single byte for each sampkach subscan of
each channel set, in the same order as the saamglescorded in the scan. Each byte represenétiofmal part of the

base scan interval (Byte 23 of General Header#ig.resolution is 1/256 of this interval. For ingte, if the base scan
interval is 2 msec, the least significant bit ie Bample skew byte is 1/256 of 2 msec or 7.812%oseconds.
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A channel set is a group of channels that:

a) Use identical recording parameters. This indutie same record length and sampling interval.

b) Use identical processing parameters, includiegsame filter selection and array forming pararsete

c) Originates from the same streamer cable for meadata. The streamer cable number for each chaehas
included in the channel set descriptor byte 31.

d) Consists of channels with the same group spaciogeample, if one streamer has short group spadosg to
the boat and longer group spacing at long offghtsdata from the streamer would be recorded aschaonel
sets. The first channel in each channel set teitt svith trace number one.

The following is a list of ground rules for the sdgpe header:

1. The order in which channel sets are describgtiarheader will be the same as the order in wthiehdata are
recorded for each channel set.

2. In a Scan Type Header containing multiple chbseedescriptors with different sampling interyadach channel
set descriptor will appear only once in each sgpe teader. Within the data block, however, shaéenpling
interval data are recorded more frequently.

3. In the case of multiple scan type records, siscthe dynamically switched sampling interval caseh scan type
will contain the same number of channel sets. Amysed channel sets needed in a scan type mustiheicatied
by setting bytes 21 to 23 (channels per channgt@eero in the channel set descriptor.

4. In multiple scan type records, the number oébyier base scan interval must remain a constaatl fscan types
recorded.

5. Channels within the same Channel Set must nawe tiee same number of Trace Header Extensionse Sithc
traces within a Channel Set will contain the samelmer of Trace Header Extensions, the nhumber ofelra
Header Extensions will be indicated in the Charfdet Descriptor. Byte 28 of the Channel Set Desaript
contains the number of Trace Extension Headerkarchannel set. This must match the byte 10 oDém@aux
Trace Header of traces in the channel set. Eade fi hence limited to a maximum of 255 Trace Heade
Extension blocks.

6. The length of each trace within a Channel Sedsgicted to be the same value. This limitatind the restriction
of the number of Trace Header Extensions to theesanmber within a Channel Set will result in eacté
within a Channel Set being recorded with the saomber of bytes.

5.3 Demux Trace Header (required)

The Demux Trace Header length is 20 bytes and idemtifier that precedes each channel’'s data.tfdee header and
the trace data are recorded as one block of datiaca is restricted to one channel of data from dmannel set of one
scan type. Some of the information in the tracedbaeds taken directly from the general header d®ddcan type
header.

Bytes 7, 8, and 9 comprise the timing word that Mocaccompany the first sample if these data werigtesr in
multiplex format. To obtain the exact sample tirtieg actual sample skew time (Byte 11 multipliedthy base scan
interval) must be added to the time recorded ireByt, 8, and 9.

The timing word is in milliseconds and has thedwaling bit weight assignments:

Timing word
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Bit 0 1 2 3 4 5 6 7

Byte 7 25 214 213 212 211 210 29 28
Byte 8 2 2° 2° 2 2° 2 2! 2
Byte 9 2t 22 2% v 2 2t 27 28

The timing word LSB (2) is equal to 1/256 msec, and the MSB’X2s equal to 32,768 msec. The timing word for
each scan is equal to the elapsed time from zew ti the start of that scan. Timing words frono 5535.9961 msec
can be encoded. For longer recordings the timioglwnay overflow to zero and then continue.

The first scan of data has typically started withing word zero. However, this is not a requireménta sampling
system, it is not always practical to resynchromiesystem even though most seismic data acquisfistems have to
date. Possible reasons for not wanting to resymire could be digital filtering, communication trésions, etc.

Whether the system is resynchronized or not, thantj word will contain the time from the energy emievent to the
start of scan of interest. For example, assumesdihapling interval is 2 msec, the system does rsytn@ronize, and
the energy source event occurs 1 + 9/256 msecédfernext normal start of scan. The timing wordies would be:

First timing word 0+ 1+ 9/256 msec
Second 2+ 1+ 9/256 msec
Third 4 + 1 + 9/256 msec

Fourth 6 + 1 + 9/256 msec

6ne-thousandth timing word '”1998 + 1+ 9/256 msec

Byte 11 contains sample skew of the first sampléhisftrace. This is identical to the first bytesaimple skew for this
channel in the Scan Type Header.

Bytes 13, 14, 15 are included as an integrity cleckime break. They comprise the timing word @& #tan in which

Time Break Window Indicator (TWI) changed to a ombus, it represents the time from the time breathe end of

the time break window. Random variations in thisetiindicate a problem in the fire control systefine presence of a
value less than the base scan interval indicatddithe break was not detected and recording coroetkat the end of
the time break window.

The definition of the timing word is kept the sabetween Rev 2.1 and Rev 3.0, even though the pessinple rates
have decreased to 1 microsec. The reason is thiaigtiwwords are needed for historical reasons, andienm acquisition
systems supporting high sample rate data are asistimese synchronization techniques not requitireguse of timing
word.

A Trace Header Extension may be added to includedhbeiver location for that trace. Receiver lanaiare defined
by a receiver line number (three integer bytestamdfraction bytes), a receiver point number (thogtes integer and
two bytes fraction) and a receiver point index (byte). This index allows one to define the rece®up in the grid,
the original value being 1 and that value is in@atad by 1 every time the receiver is moved, evhanit is moved
back to the previous location. The reshoot indeoukh be used to indicate a reacquisition of a pnasly acquired
trace, counting from 0, an increasing with 1 euv@ne the trace is re-acquired. The group indexseduo indicate that
the trace is part of a group that must be proceasetlunit, e.g. rotation for multi-component ddtae depth index is
used to support sensors in different vertical pmsst Please refer to appendix E.6 for examplassefof indexes. The
Sensor Type (vertical geophone, hydrophone, etay) lme indicated in Byte 21.

Additional trace header blocks (e.g. source infdagroma positions, orientation blocks, or manufactuttefined blocks)
may be added as needed by the manufacturer ordsmaximum number of Trace Header Extensionsniseld to
255.

A larger number of samples per trace may be redanding bytes 25-28 of the first Trace Header Eitan
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5.4 Extended Header (optional)

The Extended Header provides additional areas tesbd by equipment manufacturers to interface dyreath their
equipment. Since the nature of this data will depegavily on the equipment and processes beingeap will be the
responsibility of the equipment manufacturer tabksh a format and document this area. Byte 3Gearieral Header
Block #1 contains the number of 32 byte fieldshie Extended Header. If more than 99 Extended Hedadeks are
used, then General Header Block #1, byte 31 itodeFi¢ and bytes 6 to 8 in the General Header Block ditate the
number of Extended Header Blocks.

5.5 External Header (optional)

The External Header provides a means of recordiagial user-desired information in the header blddkis data
format will be defined and documented by the ener.u$he means of putting this information into theader has
usually been provided by the equipment manufactidyte 32 of General Header Block #1 contains thelmer of 32
byte fields in the external header. If more tharEQ&rnal Header blocks are used, then Generaléfdzldck #1, Byte

32 is set to Fi and Bytes 28 to 30 of General Header Block #2cigis the number of External Header blocks.

5.6 General Trailer (optional)

Following the seismic data, a General Trailer mayrécorded. This provides for recording auxiliaggtem and

navigation related data. The addition of the traildl allow the accumulation of system faults, @#&pC information,

real-time navigation position, and timing infornmation the same record and contiguous with the simitpo which it

relates. By recording this data after all of théeotdata, additional time is provided for collegtithe data and
transferring it to the recording system. The Gen@&railer consists of a set of blocks consistingaoghort header
followed by a number of data blocks. All information the General Trailer is optional, and each blatay be

formatted as desired by the manufacturer or udex.number of General Trailer blocks is indicatetytes 13 to 16 of
General Header Block #2.

To aid with the transfer of information between @isgion and processing, a few types of trailerckk have been
defined:

1. Edits

2. Navigation data backup
3. Text comments

4. Observer log

We recommended using these standard formats whertiimg this type of information in the trailer.

Note: All types of trailer records are optional.

5.6.1 Edit (SEG-D Trace Edit v1.0)

Block Type (byte 1) is set to @1 ASClII/binary (byte 2) set to @2and Description (byte 9-24) set to
"TRACE EDITVv1.0 "

The edits trailer allows the recorder to modify tteee information provided by the trace headeh@record. This is
typically used to indicate problems with certaisces. Edits trailer blocks are typically generatest acquisition, during
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the QC and processing stages. SEG-D Rev 3 allovitipialEdit trailer blocks to be defined. The infieation in later
Edit blocks overrides information in earlier blocks

The format presented here is similar to the onerdesd in[SEG ADS Trace Edit, Norris, Hares, Faichney, 208EG-
UKOOA Ancillary Data Standard - ADS Trace Edit: @agsics, 66, no. 06, 2040-205#pugh some
modifications/simplifications have been done. TIESSADS Trace Edit format is very flexible, and soataptation
must be done to make it fit the SEG-D record stmectin addition, the format of some fields hadbéomore strictly
defined to enable automatic parsing of the format.

It is recommended that the recording system créadésecords to indicate which traces are badnekeugh this is also
indicated in the trace headers. This will give &lwverview of the shot without the need for sdagrthrough all the
data, and will simplify importing of data into pessing/QC systems.

Multiple Edit records may exist. The latter will@vide prior definitions.

The edit format is ASCII, to ease human readability

The format consists of multiple lines, each lineri@ated with a newline terminator consisting dfiae Feed (\n', O4)
or Carriage Return/LineFeed ("\r\n", ODQA

From here on, <LF> is used to indicate newline assp to indicate the space characteggf20
Each line (record) consists of a record descripttter followed by space (2, then some ASCII text, and terminated
by linefeed.

<Record function><space>ASCII text><LF>

The Edit block is padded with <space> until a npldtiof 32 byte is reached.

Class Record Function Description
Character
Header \% SEG-D Trace Edit version (required)
Header C Comment
Header S Timestamp, UTC (required)
Header W System/person to generate this edit
(required)
Header A Attribute definition and range (at leas¢ g

A record is required)

Header P Parameters for attribute, if one lineots n
enough to describe the attribute (optional)

Header H Header, description of a test (required)

Header R Range of traces tested. A test may not|be
applicable to all traces. If not present, al
traces are tested. (optional)

Header Y Severity of exclusion. If not presentcéral
is to be removed (not to be processed)
(Optional)

Primary Key Record| X Exclude these trace rangey. Masevera
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Class Record Function Description
Character

for each header.

Primary Key Record | | Include these trace ranges. Maseveral
for each header. | records may be used ffo
override X record settings (though this is
considered bad practice).

Terminator E End of Header/Primary Key record fair
least one E record is required)

Terminator T End of SEG-D Trace Edit dataset (am
no more than one T record is required)

U

An edit record will consist of a header (V/S/W/Cagls), then for each test H/A/P/Y/R/X/I/EIC andiopally S/W if the
test was performed in another system/at another. tim

The format of all fields are defined by the recordxcept V/S/Y/R/X/I. However there are three riegments:
0 System recognitiorAll systems must be able to determine which sdweve been edited, when, by who, and how
serious the edit is.
0 System regeneratioifhe system creating the edit must be capableudimg the edit, and recreate the test based
on the information in the edit records. No othdoimation must be required.
0 Human readability The edits should be human readable. Use C reddius system generated text is not
enough.

Format of fields

SEG-D Trace Edit version
Format:
V<space>SEGD Trace Edit v<major>.<minor><LF>

This version of trace edit is 1.0.

Example:
V SEGD Trace Edit v1.0

Time stamp
This is the time of the edit Timestamp in UTC, aecy 1 second.

Format:
S<space><hour>:<minute>:<second> <monthday>-<month three letter
abbreviation>-<year 4 digits><LF>

Example:
S 13:35:00 23-MAR-2007

Severity of exclusion
What to do with the trace failing the test desatibethe A record.
Y<space><severity><LF>
The following severities exist:
0 EXCLUDE - The traces listed in X record should Beleded from further processing (default)
0 WARNING - The traces listed in X records are suispis, and further investigation is recommended.
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Example:
Y WARNING
Y EXCLUDE

Trace range definition
Used to define ranges of traces to test (R), irel{iidor exclude (X).

Format:
<record letter><space><scanset NUMBER LIST;<channel set NUMBER LIST>;<trace
NUMBER LIST><LF>

NUMBER LIST is a comma separated list of numbersaages. For example 1,4,10-14 means numbers 1, 4,
and 10 through 14.

Example:

R 1-1,5-14,1-558

X1-1,5-14,1-5

1-1,8-11,5-5

The ranges checked are traces 1-558 in channdl-sbtg(e.g. the seismic channel sets for a 10reeaessel).
X record states traces 1-5 on all streamers fadlddst (e.g. due to noise), but | record overrided indicates
channel 5 in channel set 8-11 passed.

See Appendix E.7 for a complete example of a TEatiev1.0 block.

5.6.2 Navigation data backup
Trailer block used as a backup of navigation rel@érmation. The contents is defined by the failog table

Contents Block type ASCII/ Description

binary
P1 processed navigation data 2056 02:¢ (ASCII) | “P1 FILE FORMAT ”
P2 Raw marine positioning data 2156 02:¢ (ASCII) | “P2 FILE FORMAT ”
P3 Land survey field data 2216 02 (ASCII) | “P3 File Format "
P5 Pipeline positioning data 2356 02,¢ (ASCII) | “P5 FILE FORMAT ”
P6 3D seismic binning grids 2446 02,¢ (ASCII) | “P6 FILE FORMAT ”
P7 Well deviation data 2546 02¢ (ASCII) | “P7 FILE FORMAT ”
SPS Shell Processing Support data 2646 02¢ (ASCII) | “SPS FILE FORMAT ”
SEG-Y Extended Textual Stanza 2756 02 (ASCII) | “SEGY TEXT STANZA”

A whole file is added in a trailer block as desedtabove. If multiple files need backing up, seveedler blocks may be
added.

5.6.3 Text Comment

Block Type (byte 1) is set to ) ASCIl/binary (byte 2) set to @2and Description (bytes 9—24) set to
"TEXT COMMENT "

This trailer block contains any user defined, teaktomment belonging to the SEG-D record. May béipie lines, each
line terminated with Line Feed (\n', @\ or optionally Carriage Return/LineFeed ("\NAD0A).

Multiple text comments may exist.
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Text comments are padded with spacegs{20itil a multiple of 32 bytes is reached.

5.6.4 Observer log

Block Type (byte 1) is set to 3L ASClI/binary (byte 2) set to @2and Description (bytes 9—24) set to
"OBSERVER LOG "

This is the observer log entry for this record. Térenat is textual.

Observer logs are padded with spacesgg(20til a multiple of 32 bytes is reached.

5.6.5 User defined

The contents of the user defined block is compldadt to the recording system, however the sizetbe a multiple of
32 bytes. The format is textual or binary as defibg the ASClI/binary flag in the description blo@yte 1 should be set
to a value between Afand FFkg
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6.0 Data Body

Data is recorded as a byte stream in demultipléswadat. Preceding each trace of data is a tracdenea trace header
extension #1 and optional trace header extenstemsh trace is a sequential set of samples fromcbaanel in one
channel set.

6.1 Data Recording Method

To accommodate diverse recording needs, the dedadiag allows sample representations of 8, 1622032, and 64
bits.

The data word is a numeric representation of tge and magnitude of the instantaneous voltage pteddo the
system. It is not an indication of how the hardwwgain system functions. The output of stepped ggstems may be
represented as a binary mantissa and a binary erpof base 2, 4, or 16 (binary, quaternary, omdegimal system)
or a simple integer value. Depending upon theqaar recording method, the mantissa or integey brarepresented
as a sign-magnitude, one’s complement, or two'sptement binary value. In a sign-magnitude reprisgiem, the
initial bit is set to 1 if the value is the negatiof the number represented by the remaining bitsGaotherwise. A
one’s complement binary value is the same as siagritude for nonnegative numbers but all the bits fapped
(XOR’ed with 1's) to represent negative values.ndnnegative value in two’s complement represemtasaalso the
same as sign-magnitude, but negative numbers presented by first flipping all the bits and theldiag 1. If a two’s
complement number hasbits, then its value can be determined by firstimgl 2", taking the result modulo’2and
finally subtracting 2.

Following are descriptions of each of the data mréiog methods permitted. The same number systeémbs used on
all samples in a record, including auxiliary and @her types of channels. All recording methods w®alid for
demultiplexed records; as of Rev 1 SEG-D no losggports multiplexed data.

1 byte quaternary exponent data recording method

The following illustrates the 8 bit word and theresponding bit weights:
Bit 0 1 2 3 4 5 6 7
Byte 1 S G G Co Q: Q2 Qs Qu

S=sign bit—(One = negative number).

C=quaternary exponent-This is a three bit positive binary exponent ofvdtten as 4“© where CCC can assume
values from 0-7.

Q-1.4fraction—This is a 4 bit one’s complement binary fractidrhe radix point is to the left of the most sigo#int bit
(Q-1) with the MSB being defined as'2 The fraction can have values from -1%® 1-2*.

Input signal= S.QQQQ x 4°© x DSM millivolts where DSM is the value requireal descale the data sample to the
recording system input level. DSM is defined ind»17-20 of each channel set descriptor in the type header.

2 byte quaternary exponent data recording method
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The following illustrates the 16-bit word and therresponding bit weights:

Bit 0 1 2 3 4 5 6 7
Byte 1 S G C Co Qi Q2 Qi3 Q4
Byte 2 Qs Qs Q- Qs Qo Qo Qu Qo

S=sign bit—(One = negative number).

C=quaternary exponent-This is a three bit positive binary exponent ofvdtten as 4“© where CCC can assume
values from 0-7.

Q-1.12fraction—This is a 12 bit one’s complement binary fractiorhe radix point is to the left of the most sigraht
bit (Q_,) with the MSB being defined as'2 The fraction can have values from -1 #20 1 - 2%

Input signal = S.QQQQ,QQQQ,QQQQ ¥4 x DSM millivolts where DSM is the value requireddescale the data
sample to the recording system input level. DSMagined in Bytes 17—20 of each channel set ddscrip the scan
type header.

2% byte binary exponent data recording method—demtiplexed

The following illustrates the 20 bit word and threresponding bit weights:

Bit 0 1 2 3 4 5 6 7

Byte 1 G C C G G C C G Exponents for
Byte 2 G C C Co Cs C C Co samples 1 thru'4
Byte 3 S Q Q- Q- Q4 Qs Qs Q- Sample 1

Byte 4 Qs 9 Qo Qu Qi Qi Qu Qs

Byte 5 S Q Q- Qs Q4 Qs Qs Q-; Sample 2

Byte 6 Qs Qo Qi Qu Qi Qi Qu Qs

Byte 7 S Q Q- Qs Q4 Qs Qs Q-; Sample 3

Byte 8 Qs Qo Qi Qu Qi Qi Qu Qs

Byte 9 S Q Q: Qs Qs Qs Qs Q7 Sample4

Byte 10 Qs Qo Qo Qu Qi Qi3 Qu Qs

"Bytes 1 and 2 contain the exponents for the folmwiour samples of the channel. The sample nunmdrerselative
and are only to denote position in the four sangpbeip.

S=sign bit—(One = negative number).

C=binary exponent-This is a 4 bit positive binary exponent of 2 wait as 2°“° where CCCC can assume values of
0-15. The four exponents are in sample ordemhi®ifdur samples starting with the first sampleita -3 of Byte 1.

Q-1.1sfraction—This is a 15 bit one’s complement binary fractiorhe radix point is to the left of the most sigeait
bit (Q_,) with the MSB being defined as'2 The sign and fraction can assume values fron21>to0 -1 + 2%,

Input signal=S.QQQ,QQQQ,QQQQ,QQQQ ¥% x DSM millivolts where DSM is the value requirasidescale the
data word to the recording system input level. DiSMefined in Bytes 17—20 of each of the corredpunchannel set
descriptors in the scan type header.
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Note that in utilizing this data recording methttte number of samples per channel must be exaeilyitde by 4 in
order to preserve the data grouping of this method.

1 byte hexadecimal exponent data - recording method

The following illustrates the 8-bit word and them@sponding bit weights:
Bit 0 1 2 3 4 ) 6 7
Byte 1 S G Co Qi1 Q2 Qs Q4 Qs

S=sign bit—(One = negative number).

C=hexadecimal exponestThis is a two positive binary exponent of 16 verittas 18° where CC can assume values
from 0-3.

Q-1sfraction—This is a 5 bit positive binary fraction. The ibagoint is to the left of the most significant 6@-;) with
the MSB being defined a2 The sign and fraction can have any value from 2° to 1 — 2°.

Input signat (-1)°x 0.Q,QQQQ x 18" x DSM millivolts where DSM is the value requireddescale the data sample
to the recording system input level. DSM is dedine Bytes 17-20 of each channel set descriptahénscan type
header.

2 byte hexadecimal exponent data - recording method

The following illustrates the 16-bit word and th@mresponding bit weights:

Bit 0 1 2 3 4 5 6 7
Byte 1 S o G Qi Q2 Q3 Q4 Qs
Byte 2 Qs Q- Qs Qo Qo Qu Qi Qs

S=sign bit—(One = negative number).
C=hexadecimal exponentThis is a two bit positive binary exponent of $évhere CC can assume values from 0-3.

Q-1.13 fraction—This is a 13 bit positive binary fraction. Thelpapoint is to the left of the most significant 6Q-,)
with the MSB being defined as'2 The sign and fraction can have any value from 21"to 1 — 22

Input signal= (-1)° x 0.Q,QQQQ,QQQQ,QQQQ x 16x DSM millivolts where DSM is the value requiredldescale
the data sample to the recording system input lef23M is defined in Bytes 17-20 of each channebsscriptor in
the scan type header.

4 byte hexadecimal exponent data - recording method

The following illustrates the 32-bit word and therresponding bit weights:

Bit 0 1 2 3 4 5 6 7
Byte 1 S e G o G C C Co
Byte 2 Q1 > Qs - s Qs 7 g
Byte 3 Q Qo Qu Qn Qi Qu Qi Qe
Byte 4 Q7 Qs Qi Qa2 Qa Q2 Q25 Qu
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S=sign bit—(One = negative number).

C=excess 64 hexadecimal exponesfithis is a binary exponent of 16. It has beendudsy 64 such that it represents
16(CCCCCCCe\yhere CCCCCCC can assume values from 0 to 127.

Q-1..4 magnitude fraction—This is a 24 bit positive binary fraction (i.ehetnumber system is sign and magnitude).
The radix point is to the left of the most sigrdiitt bit (Q,) with the MSB being defined as'2 The sign and fraction
can assume values from (1 %20 —1 + 2%%. It must always be written as a hexadecimaljleftified number. If this
fraction is zero, the sign and exponent must aésedro (i.e., the entire word is zero.)

Input signal= (-1)° x 0.QQQQ,QQQQ,QQ0QQ,Q00QQ,Q00Q0Q,QQQQ ¥IE)x DSM millivolts where DSM is

the value required to descale the data sampleetoeitording system input level. DSM is definedBiytes 17-20 of
each channel set descriptor in the scan type hea@leis data recording method has more than safficrange to
handle the dynamic range of a typical seismic syst&hus, DSM may not be needed to account forsgajing and
may be recorded as 1.0.

4 byte IEEE floating point data - recording method

The IEEE (Institute of Electrical and Electroniasgiieers) format is fully documented in the IEE&hsiard,
"ANSI/IEEE Std 754 - 1985", available from the |IERktp://ieeexplore.ieee.org/serviet/opac?punumbessR3

The IEEE format is summarized as follows:

Bit 0 1 2 3 4 5 6 7
Byte 1 S 6 G &G GG G G G
Byte 2 G Q@ Q Qi Q. Qs Q¢ Qg
Byte 3 Q Qo Qu Qu Qr Qun Qi Qi
Byte 4 Qs Qu Qi Qu Qw Qu Qz Qn

The value (v) of a floating-point number represéritethis format is determined as follows:

if e=255 & f£0..v=NaN Not-a-Number (see Note 1)
ife=255&f=0..v=(-Exow Overflow
if0<e<255....v=(-1)x Z¥x (L) Normalized
ife=0&f£0....v=(-19x Z'%x (0.f) Denormalized
ife=0&f=0....v=(-Dx0 + zero

where e = binary value of all C's (exponent)
f=binary value of all Q's (fraction)

NOTE 1. A Not-a-Number (NaN) is interpreted asiavalid number. All other numbers are valid and
interpreted as described above.

Input signal= v x DSM millivolts where DSM is the value reqedrto descale the data sample to the recordingrayst
input level. DSM is defined in Bytes 17—-20 of eatlannel set descriptor in the scan type headkis data recording
method has more than sufficient range to handlelyhemic range of a typical seismic system. TRV may not be
needed to account for any scaling and may be redad 1.0.
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8 byte IEEE floating point data — recording method

The IEEE (Institute of Electrical and Electroniasgiheers) format is fully documented in the IEE&nsiard,
"ANSI/IEEE Std 754 - 1985", available from the IEEEtp://ieeexplore.ieee.org/serviet/opac?punumbessR3

The IEEE format is summarized as follows:

Bit 0 1 2 3 4 5 6 7
Byte 1 S @& G & G & G G
Byte 2 G G & & Q Q Qs Q
Byte 3 B Qs Q; Qs Qs Qu Qu Qu
Byte 4 Q: Qu Qi Qi Qu Qi Qi Qu
Byte 5 Q: Qz Qx Qu Qs Qx Qr Qu
Byte 6 Qs Qu Qu Qz Qu Qu Qn Qu
Byte 7 Qv Qu Qu Quw Qa Qe Qu Qu
Byte 8 Qs Qu Qun Qu Quw Qw Qu Qs

The value (v) of a floating-point number rered in this format is determined as follows:

if e =2047 & f£0. .v=NaN Not-a-Number (see Note 1)
ife=2047&f=0. .v=(-Exw Overflow (infinity)
if0<e<2047...v=(-1F x Z7%%x (1.f) Normalized
fe=0&f£0..... v = (-Dx 279%%x (0.f) Denormalized
fe=0&f=0..... v=(-Ex0 + Zero

where e = binary value of all C's (exponent)
f = binary value of all Q's (fraction)

NOTE 1. A Not-a-Number (NaN) is interpreted asiraralid number. All other numbers are valid antbipreted as
described above.

Input signal= v x DSM millivolts where DSM is the value reqedrto descale the data sample to the recordingrayst
input level. DSM is defined in Bytes 17-20 of eattannel set descriptor in the scan type headdtis data
recording method has more than sufficient rangbatadle the dynamic range of a typical seismic systdhus,
DSM may not be needed to account for any scalinignaay be recorded as 1.0.

Integer formats:
24 bit two’s complement format:

Bit 0 1 2 3 4 5 6 7

Byte 1 bs 22 I21 I20 l1o l1g l17 l16
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Byte 2 hs 14 l13 12 l11 l10 lo g
Byte 3 k lg Is I4 I3 I I lo

Input signal= { (NLINLILITILILINTE + 2 2% mod 24— 22} x DSM millivolts where DSM is the value required
descale the data sample to the recording systemot iepel. DSM is defined in Bytes 17-20 of eactaruiel set
descriptor in the scan type header.

32 bit two’s complement format:

Bit 0 1 2 3 4 5 6 7
Byte 1 by l30 I log lo7 log los lo4
Byte 2 |23 I22 I21 I20 I19 I18 I17 I16
Byte 3 bs l14 l1s 1 1y l10 lo lg
Byte 4 b lg ls Iy I3 l, Iy lo
Input signal = { (NLINLILIILINGINGINE LI+ 2%) mod 22 — 21} x DSM miillivolts where DSM is the value

required to descale the data sample to the re@syistem input level. DSM is defined in Bytes 10-62 each channel
set descriptor in the scan type header.

6.2 DSM Factor calculation and physical unit

The Descale multiplier (DSM) parameter is providedallow the dimensionless numbers recorded on tapke
“descaled” back to the instantaneous sample vatugsllivolts at the system inputs As of Rev 3, DSM is stored in
bytes 17-20 of the Channel Set Descriptor in thenSype Header as a 4 byte IEEE floating point rermiPrior to
that it was computed from an MP exponent stordayte 8 of the Channel Set Descriptor.

In general, recording systems scale the input signal in order to match the useful range of inf@yels to the gain-
ranging amplifier. DSM must account for all scglim the acquisition system. However, in some higsolution
formats like the 4 byte hexadecimal, or 4 or 8 DEEE floating point cases, the data recording wetmay have
sufficient range, and the DSM may be set to 1.0.

*) In several instances “sample values in millivattsystem inputs” may be unclear. Modern acquisisystems offten
perform several stages of digital processing befine data samples are stored, and in many case®ciggly for
auxillary data, millivolt samples may not even lpplacable at all. In these situations the recordould follow the
general advice above, and just make sure the dyneange of the sample values matches the usefgerahthe input
levels. In addition it is also highly recommendedtore sensor sensitivity (in a Sensor Info Headeension block as
part of the Trace Header), to ensure the samplaevahn be converted to a physical unit.

Physical unit conversion

To be able to relate the seismic traces to extavemts it may be needed to convert the millivalues in the traces to
the physical unit. The physical unit of the traceédisted in byte 62 of the Channel Set Descripldnis is repeated in
byte 31 of Trace Header Extension block. The sessositivity (Sensor Info Header Extension bytes29-4 byte IEEE
float) is multiplied with the millivolt sample vaéuto calculate the physical unit number.
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The following equation converts a trace sample eatua physical unit sample value
V,=V,*DSM * SS
Vp - Physical sample value
Vi - Trace sample value
DSM - Multiplication factor to convert to millivolalue
SS - Sensor sensitivity

The type of the physical unit are listed in thdedbund Chapter 8, Trace Header Extension, bytde3ihition. Typical
types are millibar (e.g. hydrophone data), millieretsecond (e.g. geophone data) or meters (e.th degasurement).

DSM may be written
DSM = 2"
The calculation of MP for a data recording methodiven by one of the following equations:

For floating point data:

1. MP = FS — PA — G« For binary exponents.
2. MP = FS — PA — 2 X £ For quaternary exponents.
3.MP =FS — PA -4 x For hexadecimal exponents (except for the fote bycess 64
method).
4. MP = FS — PA — 4 x (fax— 64) For excess 64 hexadecimal exponents.
5. MP = FS — PA — (Gux— 127) For 32 bit IEEE exponents.
6. MP = FS — PA — (Gx— 1023) For 64 bit IEEE exponents.
Where:

25 = Converter full scale (millivolts),
2°% = Minimum system gain,
Cmax= maximum value of the data exponent;
Crnax =
15 for binary exponents
7 for quaternary exponents,
3 for hexadecimal exponents, except exgéss
127 for excess 64 exponents and the outptliteofinalog-to-digital converter is
written as the fractional portion of the datduee.
255 for 32 bit IEEE exponents and the outpuhe analog-to-digital converter is
written as the fractional portion of the datdue.
2047 for 64 bit IEEE exponents and the outpuhefanalog-to-digital converter is
written as the fractional portion of the datduee.

For integer data:

1. MP = FS-PA - IS;
Where:
275 = Converter full scale (millivolts),
2°A = Minimum system gain,
2"°-1 = Integer number system positive full scale, and

the output of the analog-to-digital converter istt®n as an integer.
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The term “minimum system gain” includes preamptifgain and the minimum floating point amplifier gai For
example, one system may use a preamplifier gaid56f and a minimum floating point amplifier gain afie. The
minimum system gain is 256 x 1 £ 30 PA = 8. Another system may use a preamplifién of 320 and a minimum
floating point amplifier gain of 0.8. In this cagke minimum system gain is 320 x 0.8 = 256 %r/&gain PA = 8.

PA may also account for any amplification neededdoommodate an analog to digital converter witlilescale value
that is not a power of 2 in millivolts. For exaraph 10 V (10,000 mV) converter may be precedearbgmplifier with

a gain of 1.221 (10,000/8,192). This gain may deanted for in PA. Alternatively, it could be citered part of the
converter, making it appear to have a binary fcalle.

Justifications for the Equations

The output of the analog-to-digital converter isti®n as the fractional portion of the data valdeis is equivalent to
dividing the value by the full scale of the coneert In order to compensate for this, the dataesakcorded on tape
must be multiplied by the full scale value of theneerter (29. Thus FS appears in equations (1)—(4) with atipes

sign.

The input signal was multiplied by the minimum systgain (2*) which, as mentioned, includes any preamplifienga
minimum floating point amplifier gain, or analog-digital converter adjustment gain. The data réedron tape must
be divided by this minimum system gain; thus, PAegrs in the equations with a negative sign.

Large input signals converted at minimum floatirgnp amplifier gain are written on tape with theximaum exponent
for the data recording method used. Likewise, bisighals converted at full gain are written withetmaximum
exponent. The data as written have been multifdedhe exponent base raised tg.dminus 64, 127, or 1023 as
appropriate to the number format.) Thug,@&ppears in the equations with a negative sign. isvilPpower of 2 so the
quaternary and hexadecimal&values are multiplied by 2 and 4, respectiveR2* and 16 = 2').

Data processing done prior to data storage.

In modern recording systems significant data preiogsis commonly done prior to storing the dataape. The DSM
factor may have to be adapted to make sure the eunalsolution is maintained in the trace data,the.processing
scaling parameters must be incorporated in the Degibr.

6.3 Sensor calibration

Trace Header frequency domain calibration

SEGD supports storing individual sensor calibratialues in Trace Header Extension blocks (see $&wibration
Header)". Each 32 byte Sensor Calibration Headmkbtontains two frequency/amplitude/phase groapd,multiple
blocks may be used to define the complete frequdoayain calibration function for the sensor. SerGalibration
Header block allows a maximum of about 500 freqiesnper trace, assuming no other meta-informatkst e the trace
header

The calibration corrected sensor value is achidyecbnverting the time series trace value to fragyelomain, and
multiplying with the calibration function

Vcalibrated= Fc ' Vtrace

Where
V calibrated = Calibration corrected trace signal (in frequedomain)
F. = Sensor calibration transfer function as desdritpethe values in the sensor calibration header.
Vwace = The uncorrected trace value (in frequency domain)
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The sensor calibration values in addition to thvidual Sensor Sensitivity values can be usedtoect for most sensor
variations needed to achieve a high fidelity sigre#ded in modern seismic acquisition systems.

Calibration Channel — time domain

A Calibration Channel Set can be used if time ser#édibration is preferred. The Calibration Charthet also allows a
more high fidelity calibration compared to the Tedateader Extension blocks. The frequency and leafite calibration
channel may be adjusted to achieve the accuracyreely Calibration Channel Sets has Channel typ®dedin
ChanneBet Descriptor byte 4. The Calibration Channeltisng series signal that can be correlated withridee value

to achieve a calibrated trace signal. By convettiath the trace and calibration trace time seddseguency domain, the
formula shown above can be used. The indices ifithee Header Extension block determine which ttheecalibration
trace applies to.
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7.0 Header Tables

Note:

Several blocks contain undefined fields, indicdigX in the tables. These values are undefinetidjormat, and may
be used by the manufacturer to store manufactueéned information. However, be aware that thedieihay be used in
future versions of the formaind the manufacturer use these fields at own tis& recommended to record ‘0’ in fields

indicated by X, and store all manufacturer defimgdrmation in user defined header blocks (ExtemraExtended
header, General Trailer blocks, or General Headesite Header blocks with ID B§ through Fhg). These will more

likely to be compliant with future versions of fhemat.

7.1 GENERAL HEADER BLOCK #1

Bit No. 0 1 2 3 4 5 6 7
BCD Value MSD 8 4 2 1 8 4 2 1 LS
Binary Value MSB 128 64 32 16 8 4 2 1 LS
File Number E Fl Fl Fl F2 F2 F2 F2 1

F; F; F; F; F, F, F, F, 2
Format Code Y Y, Y, Y, Y, Y, Y, Y, 3

Y3 Y3 Y3 Y3 Y, Y, Y, Y, 4
General Constants K K1 K1 K1 K, K, K, K, 5

Ks Ks Ks Ks Ka Ka K Ka 6

Ks Ks Ks Ks Ks Ks Ks Ks 7

K- K- K- K- Kg Kg Kg Kg 8

Kg Kg Kg Kg Kic Kic Kic Kio 9

K1 K1 K1 K1 Ky Ky Kz Kz 10
Year YR YR, YR, YR, YR, YR, YR, YR, 11
# Additional Blks in GH3 GHZ GH]_ GHO DY DY DY DY 12
Gen Hdr
Day (DY) DY, DY, DY, DY, DY, DY, DY, DY, 13
Hour H, H, H, H, H, H, H, H, 14
Minute Ml Ml Ml Ml Ml Ml Ml Ml 15
Second SE SE SE SE SE SE SE SE 16
Manufacture’s Code M M, M, M, M M M M 17

M, M, M, M, My My My My 18

Ms Ms Ms Ms Mg Mg Mg Mg 19

0 0 0 0 0 0 0 0 20

0 0 0 0 0 0 0 0 21

0 0 0 0 0 0 0 0 22
Base Scan Interval 3l Iy Iy lo -4 I, I_5 I_4 23
Polarity (P) P P P P 0 0 0 0 24

0 0 0 0 0 0 0 0 25
Record Type (2) Z Z Z Z R R, R, R, 26
Record Length (R) R R, R, R, Rs; Rs; Rs; Rs; 27
Scan Types/Record STYR| ST/R | ST/R | ST/R |ST/R | ST/R | ST/R | ST/IR || 28
Chan Sets/Scan Type cS | CS CS CS CS CS CS CS 29
Skew Blocks SK SK; SK; SK; SK; SK; SK, SK, 30
Extended Header Blk EC | EC EC EC EG EG EG EG 31
External Header Blk EX EX; EX; EX; EX, EX, EX, EX, 32
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7.2 GENERAL HEADER BLOCK #2

Bit No. 0 1 2 3 4 5 6 7

BCD Value MSD 8 4 2 1 8 4 2 1 LSO
Binary Value MSB 128 64 32 16 8 4 2 1 LS
Expanded File EF; EF» ER: EFx EF EFs EF; EF 1
Number

EFi: EF4 EFi: EF; EF EFic ER ER

2
EFR ERs ER EF, ER EFR EF ER 3
Extended Channel SetsEN;s ENy4 EN;; ENp, ENy; ENyg ENo ENs 4
Scan Type

EN; ENs ENs EN, EN; EN, EN; ENg

ECXis | ECXys | ECXi3 | ECXy; | ECXyy | ECXyg | ECXg | ECXg
ECX; | ECXs | ECXs | ECXs | ECXs [ ECX;, | ECX; | ECXg

5
Extended Header BIks EQQ( ECX22 ECX21 ECXZ(] ECX]_g ECX]_a ECX]_7 ECX]_G 6
7
8

Extended Skew blks ESK | ESKis | ESKys | ESKy; | ESKy; | ESKyg | ESKy [ ESKg |19
ESK; | ESKs | ESKs | ESK, | ESKs | ESK, | ESK, | ESK;, | 10

SEG-D Revision No. RMJ |RM% |RMF |RMJ |RMEL [RMJL |RMJ |RMY |11
“major” and “minor” RMN; | RMNg [ RMNs | RMN; [ RMN; | RMN, | RMN; | RMN, | 12

General Trailer, GTs, GTxe GTyg GTog GTyy GTo GTys GTyy 13
Number of Blks GTas GT,, GT,x GTy GTig GTie GTy GTyg 14

GTi: GTy, GTis GTy; GTu GTyc GTy GTs 15
GT; GTs GTs GT, GT; GT, GT; GTy 16

Extended Record ERL3; ERLsc ERLyqg ERL,g ERL,; ERLy ERLy:s ERLyy 17
Length ERL,: | ERLy» | ERLy; | ERLy | ERLis | ERLs | ERL;; | ERLy | 18
ERL;s | ERLy | ERLi: | ERLy; | ERLy; | ERLy | ERLg ERLg 19
ERL, ERLg ERLs ERL, ERL; ERL, ERL, ERLy 20

Record Set Number SN SNua SNi; SN, SNi1 SNig SNy SN; 21
SN, SNs SNs SN, SN; SN, SN, SNy 22

Extended # Additional|| EGH;s | EGH,, | EGH;; | EGHy; | EGHy; | EGH | EGHy, | EGHs || 23

Blks in Gen Hdr EGH, | EGH, | EGH |EGH, |EGH; | EGH, | EGH | EGH, | 24
Dominant Sampllng BSl,; BSlh; BSl;, BSlyq BSlg BSlg BSl, BSlg 25
Interval BS|15 BS|14 BS|13 BS|12 BS|11 BSI]_(] BSIg BSIg 26

BSk BSls BSls BSl, BSk BSh BSl BSl 27

External Header Blks EH EH,, EH,, EH,q EH,g EHs EH,; EHis 28
EHys EHy4 EHi EHy, EHy, EHy EH, EHg 29
EH; EHg EHs EH, EH; EH, EH; EH, 30

Header Block Type 0 0 0 0 0 0 1 0 32
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7.3 GENERAL HEADER BLOCK #3 (Timestamp and size header)

Bit No. 0 1 2 3 4 5 6 7

BCD Value MSD 8 4 2 1 8 4 2 1 LSO
Binary Value MSB | 128 64 32 16 8 4 2 1 LSB
Time Zero TZ3 TZs; TZs TZs0 TZsg TZsg TZs; TZs6

VZss | TZsy | TZsz | TZsp | TZsy | TZso | TZag | Tlss
T2y | TZag | TZas | TZag | TZaz | TZsp | TZy | Ty
TZ5 TZ3g TZ5; TZ3 TZ3s TZ34 TZ33 TZ3;
TZ5 TZ3 TZy TZ TZy TZ% TZys TZ4
TZ,; TZy TZx TZy TZ;g TZ;8 TZ4; TZ46
TZ5 TZ;4 TZ,3 TZy; TZ44 TZy0 TZg TZg

TZ, TZ TZs TZ, TZ, TZ, TZ, TZ,

OO(N|O|OIA|W[IN|F-

Record Size RS RS RS RS RS, RS RS, RS
RS:s RS, RS:s RS, RS RS0 RS RS 10
RSy RS RS RSy RS RS, RSy RSy 11
RS RS RSy RS RS RS, RS RS, 12
RS RS0 RS RS RS, RS RSs RSy 13
RS RS, RS RS0 RS RS RS RS 14
RSis RS, RS RS. RSu RS RS RS 15
RS RS RS RS RS RS RS RS 16

Data Size D&g DSGQ DSGl DSGO DSsg DSsg DS_;7 DS_;G 17
DS: |DSs |DSs |DS; |DS: [DSe |[DSg | DS | 18
DS;y |DSk |DSs |DSu |DSiz [DSp; |DSy |[DSe |19
DSy |DSs |DS7 |DSe [DSs | DS [ DS [ DS || 20
DS; |DSyw |DSy |DSs |DSy [DSe |[DSys | DSy |21
DS;; |DSy; |DSy |DSp |DSe [DSs |DS; | DS | 22
DSis |DSs |DSs |DS, |DSy [DSe | DS DS 23
DS, DS DS DS, DS DS, DS DS 24

Header Size H§ H%o HSzg HSzg HSz7 HSZG HSz5 HSz4 25
HS: |HS, |HS: |HSe |HSe [HSs |HS7; |HSe |26
HSs |HSs |HSs |HS, |[|HSy [HSe |HS HS 27
HS, |HS [HS [|HS, |HS [HS |HS |HS |28

Extd Rec Mode ERM | ERMs | ERMs | ERM, | ERM; | ERM, | ERM; | ERM, | 29
Rel Time Mode RTM | RTMg | RTMs [ RTM; | RTM; | RTM, | RTM; [ RTM; | 30

X X X X X X X X 31
Header Block Type| O 0 0 0 0 0 1 1 32

7.4 GENERAL HEADER BLOCK #4 (Vessel/Crew ldentification) (optional)

Bit No. 0 1 2 3 4 5 6 7

BCD Value MSD 8 4 2 1 8 4 2 1 LSO
Binary Value MSB | 128 64 32 16 8 4 2 1 LSB
Abbr Vessel or VCA |VCA |VCA |VCA |VCA |VCA |[VCA |VCA

Crew Name VCA |VCA |VCA |[VCA |VCA |[VCA |VCA |VCA

Vessel or Crew VC VC VC VC VC VC VC VC
Name VC VC VC VC VC VC VC VC

1

2

VCA VCA VCA VCA VCA VCA VCA VCA 3
4
5
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VC VC VC VC VC VC VC VC 6
VC VC VC VC VC VC VC VC 7
VC VC VC VC VC VC VC VC 8
VC VC VC VC VC VC VC VC 9
VC VC VC VC VC VC VC VC 10
VC VC VC VC VC VC VC VC 11
VC VC VC VC VC VC VC VC 12
VC VC VC VC VC VC VC VC 13
VC VC VC VC VC VC VC VC 14
VC VC VC VC VC VC VC VC 15
VC VC VC VC VC VC VC VC 16
VC VC VC VC VC VC VC VC 17
VC VC VC VC VC VC VC VC 18
VC VC VC VC VC VC VC VC 19
VC VC VC VC VC VC VC VC 20
VC VC VC VC VC VC VC VC 21
VC VC VC VC VC VC VC VC 22
VC VC VC VC VC VC VC VC 23
VC VC VC VC VC VC VC VC 24
VC VC VC VC VC VC VC VC 25
VC VC VC VC VC VC VC VC 26
VC VC VC VC VC VC VC VC 27
VC VC VC VC VC VC VC VC 28
VC VC VC VC VC VC VC VC 29
VC VC VC VC VC VC VC VC 30
VC VC VC VC VC VC VC VC 31

Header Block Type|| 0 0 0 1 0 0 0 0 32

7.5 GENERAL HEADER BLOCK #5 (Survey Area Name) (optional)

Bit No. 0 1 2 3 4 5 6 7

BCD Value MSD 8 4 2 1 8 4 2 1 LSO

Binary Value MSB | 128 64 32 16 8 4 2 1 LSB

Survey Area Name| SAN SAN SAN SAN SAN SAN SAN SAN 1
SAN SAN SAN SAN SAN SAN SAN SAN 2
SAN SAN SAN SAN SAN SAN SAN SAN 3
SAN SAN SAN SAN SAN SAN SAN SAN 4
SAN SAN SAN SAN SAN SAN SAN SAN 5
SAN SAN SAN SAN SAN SAN SAN SAN 6
SAN SAN SAN SAN SAN SAN SAN SAN 7
SAN SAN SAN SAN SAN SAN SAN SAN 8
SAN SAN SAN SAN SAN SAN SAN SAN 9
SAN SAN SAN SAN SAN SAN SAN SAN 10
SAN SAN SAN SAN SAN SAN SAN SAN 11
SAN SAN SAN SAN SAN SAN SAN SAN 12
SAN SAN SAN SAN SAN SAN SAN SAN 13
SAN SAN SAN SAN SAN SAN SAN SAN 14
SAN SAN SAN SAN SAN SAN SAN SAN 15
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SAN SAN SAN SAN SAN SAN SAN SAN 16
SAN SAN SAN SAN SAN SAN SAN SAN 17
SAN SAN SAN SAN SAN SAN SAN SAN 18
SAN SAN SAN SAN SAN SAN SAN SAN 19
SAN SAN SAN SAN SAN SAN SAN SAN 20
SAN SAN SAN SAN SAN SAN SAN SAN 21
SAN SAN SAN SAN SAN SAN SAN SAN 22
SAN SAN SAN SAN SAN SAN SAN SAN 23
SAN SAN SAN SAN SAN SAN SAN SAN 24
SAN SAN SAN SAN SAN SAN SAN SAN 25
SAN SAN SAN SAN SAN SAN SAN SAN 26
SAN SAN SAN SAN SAN SAN SAN SAN 27
SAN SAN SAN SAN SAN SAN SAN SAN 28
SAN SAN SAN SAN SAN SAN SAN SAN 29
SAN SAN SAN SAN SAN SAN SAN SAN 30
SAN SAN SAN SAN SAN SAN SAN SAN 31

Header Block Type| 0 0 0 1 0 0 0 1 32

7.6 GENERAL HEADER BLOCK #6 (Client Identification) (optional)

Bit No. 0 1 2 3 4 5 6 7

BCD Value MSD | 8 4 2 1 8 4 2 1 LSO

Binary Value MSB | 128 64 32 16 8 4 2 1 LSIB

Client Identification| CI Cl Cl Cl Cl Cl Cl Cl 1
Cl Cl Cl Cl Cl Cl Cl Cl 2
Cl Cl Cl Cl Cl Cl Cl Cl 3
Cl Cl Cl Cl Cl Cl Cl Cl 4
Cl Cl Cl Cl Cl Cl Cl Cl 5
Cl Cl Cl Cl Cl Cl Cl Cl 6
Cl Cl Cl Cl Cl Cl Cl Cl 7
Cl Cl Cl Cl Cl Cl Cl Cl 8
Cl Cl Cl Cl Cl Cl Cl Cl 9
Cl Cl Cl Cl Cl Cl Cl Cl 10
Cl Cl Cl Cl Cl Cl Cl Cl 11
Cl Cl Cl Cl Cl Cl Cl Cl 12
Cl Cl Cl Cl Cl Cl Cl Cl 13
Cl Cl Cl Cl Cl Cl Cl Cl 14
Cl Cl Cl Cl Cl Cl Cl Cl 15
Cl Cl Cl Cl Cl Cl Cl Cl 16
Cl Cl Cl Cl Cl Cl Cl Cl 17
Cl Cl Cl Cl Cl Cl Cl Cl 18
Cl Cl Cl Cl Cl Cl Cl Cl 19
Cl Cl Cl Cl Cl ClI Cl Cl 20
Cl Cl Cl Cl Cl ClI Cl Cl 21
Cl Cl Cl Cl Cl Cl Cl Cl 22
Cl Cl Cl Cl Cl Cl Cl Cl 23
Cl Cl Cl Cl Cl Cl Cl Cl 24
Cl Cl Cl Cl Cl Cl Cl Cl 25

SEG-D Rev 3.0 62 May 2011



Cl Cl Cl Cl Cl Cl Cl Cl 26
Cl Cl Cl Cl Cl Cl Cl Cl 27
Cl Cl Cl Cl Cl Cl Cl Cl 28
Cl Cl Cl Cl Cl Cl Cl Cl 29
Cl Cl Cl Cl Cl Cl Cl Cl 30
Cl Cl Cl Cl Cl Cl Cl Cl 31
Header Block Type| O 0 0 1 0 0 1 0 32
7.7 GENERAL HEADER BLOCK #7 (Job identification) (optional)
Bit No. 0 1 2 3 4 5 6 7
BCD Value MSD 8 4 2 1 8 4 2 1 LSE
Binary Value MSB | 128 64 32 16 8 4 2 1 LSB
Abbr Job JIA JIA JIA JIA JIA JIA JIA JIA 1
Identification JIA JIA JIA JIA JIA JIA JIA JIA 2
JIA JIA JIA JIA JIA JIA JIA JIA 3
JIA JIA JIA JIA JIA JIA JIA JIA 4
JIA JIA JIA JIA JIA JIA JIA JIA 5
Job Identification | JI JI JI JI JI Ji Ji JI 6
JI JI JI JI JI Ji JI JI 7
Ji Ji JI JI JI JI Ji Ji 8
JI JI JI JI JI Ji Ji JI 9
Ji Ji JI JI JI JI Ji Ji 10
JI JI JI Ji JI JI JI JI 11
Ji JI JI JI Ji JI JI JI 12
JI JI JI JI JI Ji Ji JI 13
Ji Ji JI JI JI JI Ji Ji 14
JI JI JI JI JI Ji JI JI 15
Ji Ji JI JI JI JI Ji Ji 16
JI JI JI Ji JI JI JI JI 17
Ji Ji JI JI Ji JI JI JI 18
JI JI JI JI JI Ji Ji JI 19
Ji Ji JI JI JI JI Ji Ji 20
JI JI JI JI JI Ji JI JI 21
JI JI JI JI Ji JI JI JI 22
JI JI JI Ji JI JI JI JI 23
JI Ji JI JI Ji JI JI JI 24
JI JI JI JI JI Ji Ji JI 25
Ji Ji JI JI JI JI Ji Ji 26
JI JI JI JI JI Ji JI JI 27
JI JI JI JI Ji JI JI JI 28
JI JI JI JI JI Ji Ji JI 29
Ji Ji JI JI Ji JI JI JI 30
JI JI JI JI JI Ji Ji JI 31
Header Block Type|| O 0 0 1 0 0 1 1 32
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7.8 GENERAL HEADER BLOCK #8 (Line identification) (optional)

Bit No. 0 1 2 3 4 5 6 7

BCD Value MSD 8 4 2 1 8 4 2 1 LSI

Binary Value MSB | 128 64 32 16 8 4 2 1 LSB

Line Abbreviation LA LA LA LA LA LA LA LA 1
LA LA LA LA LA LA LA LA p
LA LA LA LA LA LA LA LA B
LA LA LA LA LA LA LA LA i
LA LA LA LA LA LA LA LA b
LA LA LA LA LA LA LA LA b
LA LA LA LA LA LA LA LA /

Line Identification | LI LI LI LI LI LI LI LI B
LI LI LI LI LI LI LI LI D
LI LI LI LI LI LI LI LI 10
LI LI LI LI LI LI LI LI 11
LI LI LI LI LI LI LI LI 12
LI LI LI LI LI LI LI LI 13
LI LI LI LI LI LI LI LI 14
LI LI LI LI LI LI LI LI 15
LI LI LI LI LI LI LI LI 16
LI LI LI LI LI LI LI LI 17
LI LI LI LI LI LI LI LI 18
LI LI LI LI LI LI LI LI 19
LI LI LI LI LI LI LI LI PO
LI LI LI LI LI LI LI LI P1
LI LI LI LI LI LI LI LI p2
LI LI LI LI LI LI LI LI P3
LI LI LI LI LI LI LI LI P4
LI LI LI LI LI LI LI LI P5
LI LI LI LI LI LI LI LI P6
LI LI LI LI LI LI LI LI p7
LI LI LI LI LI LI LI LI P8
LI LI LI LI LI LI LI LI P9
LI LI LI LI LI LI LI LI B0
LI LI LI LI LI LI LI LI B1

Header Block Type| 0 0 0 1 0 1 0 0 32

7.9 SOURCE DESCRIPTION BLOCK (optional)
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7.9.1 VIBRATOR

Bit No. 0 1 2 3 4 5 6 7
BCD Value MSD 8 4 2 1 8 4 2 1 LS[
Binary Value MSB | 128 64 32 16 8 4 2 1 LSIB
EXpanded File No. EF ER; EFR; EFRx EF EF EF EF 1
EF: EFy EF EF EF, EF ER ER 2
EF ER ER EFR, ER ER EFR ER 3
Source Line No. SLN SLN22 SLN21 SLNZO SLng SLng SLN17 SLN]_G 4
(INTEGER) SLNs | SLNys | SLNiz | SLNi; | SLNy; | SLNyg | SLNg SLNg 5
SLN; SLNs SLNs SLN, SLN; SLN, SLN; SLNp 6
Source Line No. SLN | SLN, | SLN3 | SLN,4 | SLNg | SLNg | SLN; | SLNg || 7
(FRACTION) SLNg | SLN g [ SLN4; | SLNg; | SLN g3 | SLN34 | SLN 35 | SLN 46 || 8
Source Point No. SBN | SPNy; | SPN; | SPNg | SPNg | SPNg | SPN; | SPNg || 9
(INTEGER) SPNs | SPN,s | SPN; | SPN; | SPN; | SPNy | SPN SPN 10
SPN SPN, SPN SPN SPN SPN SPN SPN 11
Source Point No. SPN | SPN, | SPN3; | SPN, | SPNs | SPNeg | SPN; | SPNg | 12
(FRACTION) SPNg | SPNyc | SPNy; | SPN-; | SPN—3| SPNyy | SPNys | SPNyg || 13
Source Point Index| SPI | SPE SPL SP, SPk SP) SPL SP}, 14
Phase Control PC PG PG PG PG PG PG PG 15
Type Vibrator \V Ve Vs V4 V3 Vs V1 \A 16
Phase Angle PA PA, PA¢; PA PA; PAq PA; PAg 17
PA; PAs PAs PA, PAs PA, PA PA 18
Source Id Sl Sl Sk Sl Sk Sh Sh Sh 19
Source Set No. SS SS SS SS SS SS SS S 20
Re-shoot Index RI Rls Rls Rl, Rl; RI, Rl; Rl, 21
Group Index G;I Gle G|5 G|4 G|3 Glz Gl]_ Glo 22
Depth Index Dl Dlg Dls Dl, Dl; DI, Dl4 DIy 23
Offset Cross-line (@) OXy4 OXi3 OX1z OXyq OXqc OXg OXsg 24
OX; OXe OXs OX4 OX3 OX, OX; OXq 25
Offset In-line Ols Oly4 Oly3 Oly, Oly; Olyq Olqy Olg 26
Ol; Ol Ols Ol, Ol; Ol Ol Oly 27
Size SZ5 SZ]_4 SZ]_3 Sle SZ]_] SZ]_(] SZQ SZg 28
SZ; SZ; SZ; SZ, SZ; Sz SZ SZ, 29
Offset Depth Oy ODy4 ODq3 ODy5 ODy4 ODqg ODy ODg 30
0D, ODg ODs 0D, 0OD; oD, 0D, 0Dy 31
Header Block Type| O 0 0 1 0 1 0 1 32
7.9.2 EXPLOSIVE
Bit No. 0 1 2 3 4 5 6 I
BCD Value MSD | 8 4 2 1 8 4 2 1 LSO
Binary Value MSB | 128 64 32 16 8 4 2 1 LSB
EXpanded File No. = o EFR; ER: EFR EFg EF; EF; EF 1
EF:: EFy EF; EF; EF, EF ER ER 2
EF ER; ER EF, ER EFR EFR ER 3
Source Line No. SLN SLN,, SLN,,; SLNyg SLNg SLNg SLN, SLNg 4
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(INTEGER) SLNs | SLNyy | SLNiz | SLNi; | SLNy; | SLNyg | SLNg SLNg 5
SLN, SLNg SLNs SLN;, SLN; SLN, SLN; SLN, 6
Source Line No. SLN | SLN, | SLN3; | SLN, | SLNs | SLNg | SLN; | SLNg | 7
(FRACTION) SLNg | SLNg | SLNg; | SLN1p | SLN gz [ SLNgs | SLN s | SLN 46 || 8
Source Point No. SPN | SPN; | SPN; | SPNg | SPNg | SPNg | SPN; | SPNg || 9
(INTEGER) SPN; | SPNs | SPN: | SPN, | SPN; | SPNy | SPN SPN 10
SPN SPN SPN SPN, SPN SPN SPN SPN 11
Source Point No. SPN | SPN, | SPN; | SPN, | SPNs | SPNg | SPN; | SPNg || 12
(FRACTION) SPNg | SPNig | SPNy; | SPNy,; | SPNis | SPNys | SPNis | SPNyg || 13
Source Point Index| SPI | SP§ SP§ SP}, SP§ SP}, SP} SP}, 14
Depth DEs DEi4 DE;; DE;s DEy4 DEq DEgy DEg 15
DE; DEg DEs DE, DE; DE; DE; DE,y 16
Charge Length CL ClLg Cls CLy ClLs CL, CL, ClLg 17
Soil Type S-l; STG ST5 ST4 ST3 STZ STl STO 18
Source Id 3' Sls S|5 S|4 Slg S|2 Sll Slo 19
Source Set No. SS SS SS S SS SS SS S 20
Re-shoot Index RI Rls Rls Rl, Rl; RI, Rl; Rl, 21
Group Index Gl Glg Gl Gl Gl; Gl, Gl; Gly 22
Depth Index D] Dlg Dls Dly Dlj DI, DI, Dlgy 23
Offset Cross-line OZ@ OX14 Oxlg OX12 OX11 Och OXQ OXg 24
OX7 OXe OXs 0OX,4 0OX3 0OX, 0OX; 0OXp 25
Offset In-line 015 O|14 O|13 O|12 O|11 Ol]_(] Olg Olg 26
Ol, Ol Ols Ol Ol; Ol, Ol Ol 27
Size SZ5 8214 Szlg Sle 8211 SZ]_(] SZg SZg 28
SZ; SZ; SZ SZ, Sz SZ SZ SZ, 29
Offset Depth OD5 OD]_4 OD]_3 OD]_2 OD]_1 OD]_(] ODg ODg 30
oD, ODs ODs 0D, 0OD; (0]D)} oD, 0D, 31
Header Block Type|| 0 0 0 1 0 1 1 0 32
7.9.3 AIRGUN
Bit No. 0 1 2 3 4 5 6 7
BCD Value MSD | 8 4 2 1 8 4 2 1 LS
Binary Value MSB | 128 64 32 16 8 4 2 1 LSIB
EXpanded File No. EF ER; EFR; EFRx EF EF EF EF 1
EF: EFy EF EF; EF, EF ER ER 2
EF EFR ER EFR, ER ER EFR ER 3
Source Line No. SLN SLN22 SLN21 SLN20 SLng SLng SLN17 SLN]_G 4
(INTEGER) SLNs | SLNis | SLNiz | SLNi; | SLNy; | SLNgg | SLNg SLNg 5
SLN, SLNg SLNs SLN;, SLN; SLN, SLN; SLN, 6
Source Line No. SLN | SLN, | SLN3 | SLN,4 | SLNg | SLNg | SLN; | SLNg || 7
(FRACTION) SLNg | SLN g [ SLN4; | SLNg; | SLN g3 | SLN34 | SLN 35 | SLN 46 || 8
Source Point No. SBN | SPNy | SPNy; | SPNg | SPNg | SPNg | SPN; | SPNg || 9
(INTEGER) SPNs | SPN,s | SPN; | SPN; | SPN; | SPNy | SPN SPN 10
SPN SPN, SPN SPN SPN SPN SPN SPN 11
Source Point No. SPN | SPN, | SPN3; | SPN, | SPNs | SPNeg | SPN; | SPNg | 12
(FRACTION) SPNy | SPNyg | SPNi; | SPNi, | SPNis | SPNys | SPNis | SPNyg || 13
Source Point Index| SPI | SPE SPL SP, SPk SP) SPL SP}, 14
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Depth DEs DE4 DE;; DE;s DEy4 DEq DEgy DEg 15
DE; DEg DEs DE, DE; DE; DE; DE, 16
Air Pressure AR AP, AP;3 AP, AP14 AP APq APg 17
AP, APs APs AP, AP; AP, AP, AP, 18
Source Id Sl Slg Sk Sl Sk Sh Sh Sh 19
Source Set No. SS SS SS SS SS SS SS S 20
Re-shoot Index RI Rls Rls Rl Rl; RI, Rl; Rly 21
Group Index G;I Gle G|5 G|4 G|3 Glz Gl]_ Glo 22
Depth Index Dl Dlg Dls Dl, Dl; DI, Dl4 DIy 23
Offset Cross-line OZ% OX14 Oxlg OX12 OX11 Oxlo OXQ OXg 24
OX5 OXe OXs OX4 OX3 OX, OX; OXq 25
Offset In-line Ols Oly4 Oly3 Oly, Oly; Olyq Olqy Olg 26
Ol, Ol Ols Ol Ol; Ol, Ol Ol 27
Size SZ5 SZ]_4 SZ]_3 Sle SZ]_] SZ]_(] SZQ SZg 28
SZ; SZ; SZ; SZ, SZ; Sz SZ SZ, 29
Offset Depth ODJ' OD]_4 OD]_3 OD]_2 OD]_1 OD]_(] ODg ODg 30
0Dy, ODg ODs 0D, OD; oD, 0D, 0Dy 31
Header Block Type| 0 0 0 1 0 1 1 1 32
7.9.4 WATERGUN
Bit No. 0 1 2 3 4 5 6 I
BCD Value MSD | 8 4 2 1 8 4 2 1 LSO
Binary Value MSB | 128 64 32 16 8 4 2 1 LSB
EXpanded File No. EF ER; EFR EFRx EF EF EF EF 1
EF:: EFy EF; EF; EFy, EF ER ER 2
EF ER; ER EF, ER EFR EFR ER 3
Source Line No. SLN SLN22 SLN21 SLNZO SLng SLng SLN17 SLN]_G 4
(INTEGER) SLNs | SLNys | SLNiz | SLNi; | SLNy; | SLNyg | SLNg SLNg 5
SLN, SLNg SLNs SLN;, SLN; SLN, SLN; SLN, 6
Source Line No. SLN | SLN, | SLN3 | SLN, | SLNg | SLNg | SLN; | SLNg || 7
(FRACTION) SLNg | SLNg | SLNg; | SLNp | SLN gz | SLNgs | SLN3s | SLN4¢ || 8
Source Point No. SBN | SPNy, | SPNy; | SPNg | SPNg | SPNg | SPN; | SPNg || 9
(INTEGER) SPNs | SPN, | SPN; | SPN; | SPN; | SPNy | SPN SPN 10
SPN SPN SPN SPN, SPN SPN SPN SPN 11
Source Point No. SPN | SPN, | SPN3; | SPN, | SPNs | SPNeg | SPN; | SPNg | 12
(FRACTION) SPNy | SPNyg | SPNi; | SPNy, | SPNis | SPNys | SPNis | SPNyg || 13
Source Point Index| SPI | SP§ SP§ SP}, SP§ SP}, SP} SP}, 14
Depth DEs DE;4 DE;; DE;, DE;; DE;q DEg DEg 15
DE; DEg DEs DE, DE; DE; DE; DE,y 16
Air Pressure AR APy APy3 APy, APy APyq APq APg 17
AP, APs APs AP, AP; AP, AP; AP, 18
Source Id 3' Sls S|5 S|4 Slg S|2 Sll Slo 19
Source Set No. SS S$ SS S SS SS SS S 20
Re-shoot Index RI Rls Rls Rl, Rl; RI, Rl; Rlg 21
Group Index Gl Glg Gl Gl Gl; Gl, Gl; Gly 22
Depth Index D] Dlg Dls Dly Dl3 Dl, Dl Dlgy 23
Offset Cross-line Ox OXy4 OXi3 OX12 OXyq OXqc OXg OXsg 24
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OX5 OXe OXs OX4 OX3 OX, OXy OXq 25
Offset In-line Ols Ol Oly3 Oly, Oly; Olyq Olq Olg 26
Ol, Ol Ols Ol Ol; Ol, Ol Ol 27
Size SZ5 SZ]_4 SZ]_3 Sle SZ]_] SZ]_(] SZQ SZg 28
SZ; SZ; SZ; SZ, SZ; Sz, S7; SZ, 29
Offset Depth ODJ' OD]_4 OD]_3 OD]_2 OD]_1 OD]_(] ODg ODg 30
oD, ODg ODs OD, OD; oD, 0D, 0Dy 31
Header Block Type| O 0 0 1 1 0 0 0 32
7.9.5 ELECTROMAGNETIC SOURCE
Bit No. 0 1 2 3 4 5 6 I
BCD Value MSD | 8 4 2 1 8 4 2 1 LSO
Binary Value MSB | 128 64 32 16 8 4 2 1 LSB
EXpanded File No. EF ER; EFR; EFRy EF EF EF EF 1
EF:: EFy EF; EF; EFy, EF ER ER 2
EF ER; ER EF, ER ER EFR ER 3
Source Line No. SLN SLN22 SLN21 SLNZO SLng SLng SLN17 SLN]_G 4
(INTEGER) SLNs | SLNy; | SLNy;z | SLN;; | SENj; | SLNgg | SLNg SLNsg 5
SLN; SLNs SLNs SLN, SLN; SLN, SLN; SLNp 6
Source Line No. SLN | SLN, [ SLN3; | SLN, | SLNs | SLNg | SLN; [ SLNg || 7
(FRACTION) SLNg | SLNg | SLNg; | SLN1p | SLNgz | SLNgs | SLN3s | SLN4¢ || 8
Source Point No. SBN | SPNy; | SPNy; | SPNg | SPNg | SPNg | SPN; | SPNg || 9
(INTEGER) SPNs | SPN, | SPN; | SPN, | SPN; | SPNy | SPN SPN 10
SPN SPN SPN SPN SPN SPN SPN SPN 11
Source Point No. SPN | SPN, | SPN; | SPN, | SPNs | SPNg | SPN; | SPNg | 12
(FRACTION) SPNg | SPNig | SPNy; | SPNy; | SPNis | SPNys | SPNis | SPNyg || 13
Sou