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Shell Processing Support (SPS) Format

SPS format files encapsulate all the positioning and shot-receiver relationship
data for a land (or transition) seismic survey. It is therefore critical that the
information contained within these files be totally accurate and free from format
or other errors.

There are three main SPS file types:

* R-File: Contains the Receiver information

*  S-File: Contains the Source information

» X-File: Contains the Source-Receiver Relationship information

The format was adopted by the SEG Technical Standards Committee as an
industry standard in 1993 and they publish a Technical Standards Document to
which all SPS files should conform.

SPS files are typically produced by the acquisition crew and are a critical element
of the total data produced by the crew in the field. Without the SPS files, and the
information they contain, it would not be possible to process the recorded seismic
data. Any errors in the SPS files can lead to errors in processing, or to the
deletion of good data if the information to correct errors is not available.

It is therefore good practice to have SPS data undergo rigorous QA whilst the
data is still being acquired so that any errors can be corrected and ensure that
the final SPS data delivered from the crew is accurate and error-free.

nyaquist

TecHnoL.ogy

SPS R-File extract showing header (H) and receiver (R) data records.
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https://seg.org/Portals/0/SEG/News%20and%20Resources/Technical%20Standards/seg_sps_rev2.1.pdf

SPS Quality Assurance (QA)

This presentation details software that performs QA on SPS files. It was
written to enable fully independent checking of SPS files without any reliance
on any software or programs from the Acquisition Contractor.

For new surveys it is typically run on a regular basis during the acquisition as
the Contractor produces updated SPS files. The QA can be performed on the
crew or, as SPS files are small and easily transmitted, in any convenient
location.

SPS QA can also be run on legacy surveys, particularly on old SPS files that
may be suspected of having errors.

The software works on both 3D and 2D surveys.

Any format errors found on legacy data can be corrected and new error-free
SPS files produced. Other error types, such as positioning or shot-receiver
relationship errors, may or may not be fixable depending on the error and
what information is available.

In addition to the QA function, the software can also used to produce a large
variety of displays on the data inherent within the files such as maps, line
graphs and production plots as shown in the following slides.

It also possible to do binning of the computed CMP locations and do fold and
other binned attribute displays. This is covered in a separate presentation.
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PFile opened OK: D:\PCDP2-5PS-Eg12-MFile-Multi- Survey\Mercury3D\Mercury3D-1.4pr
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SPS File Viewer
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Allows viewing of header and data records in SPS R, S and X Files. Columns are colour highlighted which allows quick visual checking
that headers and data are contained in the correct columns. Data column values are stored in simple text files that can be edited to create
survey specific format files for data that is non-standard or requires special formatting due to the nature of the survey.

Header record display. R-File data display.
o
| Ceor |

(Standard-2) |

_m smssewce

H412Aux. channel 3 contents 1,100 Hz;
H4l4Spare 1,8/A;

H415Spare 1,8/3;

H417Spare 1,8/3;

H418Spare 1,N/;

H26 Gl NCRMAL RECEIVER ARRAY

HE600Type ,model, polaTity G1,Geophone, SM—4 with spikes, SEG;
HE01Damp cosff,natural freq. G1,0.70, 10 Hz:

HE02Nunit, len (X) , width (¥) 61,1 X 12,length 45.76ém, width 0 m;
HE03Unit spacing X,Y G1,4.16m,0.00m;

HE04Description G1,Linear, inline;

HE0SSpare G1,H/A;

HEOESpare G1,N/A:

HE07Spare G1,N/A;

He0SSpare G1,H/A;

H26 G2 CCMPRESSED RECEIVER ARRAY INLINE
H610Tvpe,model, polarity G2,Geophone, SM-4 with spikes,SEG;
H612Nunits, len (X) ,width (Y) G2,1 x 12,variable length, width Om:
HE13Unit spacing X,Y G2,var.,8 m;

Heldspare G2,Compressed Inline;

HElSSpare

HEleSpare

HE17Spare

HE18Spare

Helsspare

H26 STANDARD SCURCE ARRAY

H700Type, model, polazity , Vibrator,Mertz M26HD/625,SEG:
H702Nunits, len (X) , width (¥) . 4, 86.67m, 0.0m:

H703Unit spacing X,Y

827265.57 €01907.18 160.3300064139 A
827305.97 601937.18 160.0300064139
827346.57 €01966.58 159.1300064139
827387.27 €01995.88 158.4300064139
827427.47 €02024. 157.2300064139
827467.57 €02054. 157.4300064139
527508.67 €02083. 158.6300064139
827548.67 €02112. 158.7300064139
827589.67 €02142.58 157.0300064139
827629.97 €02171.78 156.5300064139
827669.87 €02201.38 158.0300064139
827710.37 602230.78 157.2300064139
827751.07 €02260.58 156.9300064139
827791.47 €02239. 156.9300064139
827831.€7 €023149. 152.3300064139
827872.27 €02348. 157.0300064139
527912.77 €02377. 158.2300064139
827952.97 €02407. 160.2300064139
827993.67 £02436.48 160.2300064139
828033.97 £02465.98 160.1300064139
828074.37 €02495.38 161.0300064139
828115.27 602524.88 163.3300064139
828155.47 602554.28 163.3300064139
82£8195.€7 €02533. 163.6300064139
828236.37 e0z2el2. 164.2300064139
828277.07 e02642. 165.4300064139
828317.27 €02671. 165.9300064139
828357.87 €02700.98 165.8300064139
828398.57 602730.48 166.8300064139 ,,

o




SPS File Input -
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Once the SPS file format has been verified and, if necessary,
survey specific format files created, the SPS Files are read into the
program and the information stored in a database.

The database contains four main files:

» PFile — main database file containing all the ancillary
information such as survey name, min/max values, volume
sizes, header records, etc.

= Recv — contains all the Receiver information from the R-Files.

= Shot — contains all the Source information from the S-Files.

= Xdef - contains all the Relationship information from the X-
Files.

Other file types may be created later depending on what
computations are performed on the SPS data.




Integrity Checking

As shown at the right, nineteen different Integrity Checks can be
run on the Recv, Shot and Xdef data and header values after they
have been read into the program.

Each Check produces a detailed report that is written to a log file
for possible later analysis. (See next slide.)

Some types of Failed Checks can be fixed by the program
automatically. However, care must be taken if there is any inter-
dependency between Checks. For example if the “Recv Order” is
incorrect and there are “Recv Duplicates” then the Recv duplicates
should be deleted before the Recv order is fixed.

Other types of Failed Checks can be harder to fix. For example,
errors in the relationship between the Shot and Xdef data can
prove difficult to correct due to their high inter-dependence.

Other Failed Check types may not be fixable. For example, if the
“FFID’s Unique” Check fails then this is not fixable but warns that
the FFID cannot be used to uniquely identify a particular shot or to
order the shot data for the complete survey.

Main Integrity Checks form.

e
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Error Correction

Each Integrity Check produces a detailed report when it is run that
is saved to a log file. This can report can be later accessed within
the program as shown at the right.

For Checks that Fail the detailed report will give information that
can be analysed to help understand how to correct the error if it is
of a type that cannot be automatically corrected.

Some errors can be corrected by using the
inbuilt editing functions that can do edits

. ShetEdt such as applying mathematical operations
to data attributes that fall between specified
values.

Selected subsets or all the Recv, Shot and/or Xdef data can also

be exported for loading into a spreadsheet program such as Excel.

This allows the powerful sorting and editing functions of these
programs to be utilised in editing the SPS data. After editing the
data from the spreadsheet can be imported back into the program.

All editing done is documented for future reference and reporting.

Once all the data has been edited to correct any errors, new error-
free SPS files can be created and exported from the program.

Detailed report from a failed Integrity Check.

D:APCDP2-5P5-Eg12-MFile-Mutti-Survey Mercury 30\ Mercury3D-1_DataFiles \Mercury3D-1_130705_1216 4intg

Shots are not in Date/Time order. Test run using ShotDate and Shot Time.

FIndx. SLine.S5Num.S5Indx. Year.Day.Time -- FIndx.SLine.SNum.S5Indxz. Year. Day.Time
2393.€177.1595.1.2006._325_143505 —— 2354 _.55921.1€11.1.2006.311.142412
3215.5525.1€33.1.2006.331.13454¢ —- 3220.5€45.1€31.1.200€.314.072¢€4¢
4052.€113.1€45.1.2006.333.101128 —— 4053.55921.1€559.1.2006.316.112€05
4590€.5529.1€21.1.200€.335.072714 —— 4907.5€41.1€83.1.200€.315.075208
57€€.€179.1€87.1.2006_33€.145007 —— E57€7.5921.1707.1.2006.321.11330¢
6637.55925_1725_.1_2006.338.152345 —— €638.5633.1731.1.2006.323_123€17
14027.559593.2115.1.2007.001.05392¢ —— 14028_6€001.2115.1.200€.365.112825
1200€.559€9.2401.1.2007.017.101432 —- 12007.€045.2403.1_200€.255.083145
18338.€153.2403.1.2007.018.144520 -- 18339.59659.2445.1 .200€.292_11115¢
12€24.€073.2445.1.2007.015.141€32 —— 12€85.€021.2451.1_200€.257.121740
15041 .€217.2453.1.2007.020.153€40 —— 19042 _59€5.2475.1_200€.259€.112324
15428 .€105.2457.1.2007.022.053551 —— 19425_€121_2501.1.200€.255.071707
15788.€1597.2517.1.2007.022_170€03 —— 19785.5977.2523.1._200€.253.135201
20133.€131.2523.1.2007.023.121744 —— 20134.€175.25€69.1_200€.251.150803
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View Log File



Survey Information and Analysis ”ﬁm"
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A listing of the Survey Information read from the SPS files can be produced. This gives a detailed summary of all the Shot, Recv and Xdef
information including listings of all the Shot and Recv line information in both Inline and Xline directions.

An analysis can be performed on the Shot and Recv data producing a report showing values such as the average interval in the Inline and
Xline direction, the inline azimuth and the average coordinates.

Detailed Survey Information form. Analysis results form.
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Map Plots %
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Shot/Recv maps can be plotted with the following features
=  Colour Coding of Shot and/or Recv attributes such as Basic Shot/Recv map showing receivers in blue and shots in red.

Elevation, Depth, Type, etc. R
= Annotation of Shot and/or Recv line numbers " s
= Geo-referenced background image files.
= Over-plot files containing locations of wells, boundaries, roads,

cultural features, etc.

Total Num Traces: 23091935
Min Offsst 3

Max Offset 5636920

For files that have had Bin attributes computed the following

features can additionally be plotted:

= The Inline/Xline grid with optional line annotation.

= Bin attributes such as fold, near offset, etc. These can be
under- or over-plotted on the Shot/Recv lines.

= Spider and/or Necklace plot locations.

(Note: Bin attributes are covered in a separate presentation.)

Automatic highlighting of line and cursor tracking from other line-
orientated plots can optionally be turned on.

The display can be used as a digitized using the inbuilt digitizer
function.




Map Plot Examples

Shot/Recv map with the Water Depth colour coded.

Shot/Recv map with the Point Type as the colour attribute.
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834000 235000

840000

SPS Map Display
Survey: Gemini 3D

845000

850000

595000

530000

585000

000065

834000 835000

Nyquist Technology Pty. Ltd.

= Receiver
= Shot

Num Sources

Nar
Sou

Total Num Traces:

Num

Inline Azimuth

Bins.

Inline Bin Size
Xiine Bin Size

Inlines
Xines:

Water Depth
Shot+Recv

Pile: Gemini3D-1.4pr

8.885

63
1552 - 2088

120
5072 - 5234
23091935
103

SPS Map Display
Survey: Gemini 3D

834000 835000 840000 845000 850000

595000

590000

585000

834000 835000 840000 845000 850(

Nyguist Technology Pty. Ltd. S .com vy hnology.com

000565

000065

000588

Pile: Gemini3D-1.4pr

= Receiver
= Shot

5072- 5234
23091935
Min Offset 103
Max Offset: 536920

Nam CMP Bins
Inline Azimuth

Inline Bin Size

Xline Bin Size.

Inlines:

Xines

Vertical Datur

Point Type
Shot+Recv

Gl
G2
G3

HI

Shot Types:

540 cuin. 2m Depth

G3: 6 x Marsh Phone, 5.5m length
H1: 1 x Hydrophene




Line Graph Plots W
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Shot and Recv Line Graph plots can be produced with the following
features:
» Plots can be in the Inline or Xline direction.
" Up t9 five attrlbutes can be shown per graph. Shot Inline Graph Plot showing six graph windows with a different line in each window.
= Multiple graph windows can be shown per plot. ST —
= Each graph window can contain a different line or the same line can T — T
be displayed across multiple windows. E e e
= For multi-line graphs the increment between lines plotted can be o e -
set to any desired value. e — i ) nill
= The X-axis can be the Point Number, X-coordinate or Y-coordinate e - e
value. | . - . ==
» The X-axis extent can be set to the survey extent, each lines EEL— )
extend or user defined. el . ] e N
1 ) N S PN ) P A P | I L B i Y RS — . REA
Shot Xline Graph Plot showing the same line displayed over three graph windows. Wmm : - -
Shot Xline Display J—— . |
“Shot Xl 1553 m\wﬂm ..... [ ) NS N S SN Y S N S S A S (S SN Y SO S S AU S S S S —
g% ‘Shot-Inkine: 6065
i J A
7“—‘——.-_.__.——.——.“_.__._‘_;‘ — e 1 = - _- __ k l'mll.*...wn -
.smm-m - il T PRI R . SO N | B S G S rpy "_M )




Line Graph / Map Plot Example
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Shot Xline Graph plot with five lines displayed. Map display with Xlines from Graph plot automatically highlighted.

Shet Xline Display o flevatlen SPS Map Display
Survey: Gemini 3D —— Water Depth Survey: Gemini 3D
— prcode
 Depth
‘ShotXiines: 1853, 1859, 1865, 1871, 1877 834000 835000 245000 250000
. ShotXine: 1853 !
= Shot Type Codes. :
TRy '
/ 2A2 "
3 A3 *
avi '
h a ) N\ o 89 © - I . H
stk
Surface Lozation Number !
—_ ShotXine: 1859 )
) ( . ® a® . . _o !
S — :
5100 Depth
Surface Lozation Number Shat
Shot-Xiine: 1865
e . r LY *
.
" .
0 .
stto
Surface Location Number
Shot-Xline: 1871
hd ):\/ [ . ., * LI
g s
.
s1t0
Surface Loeation Number
- Shot-Xline: 1877
’ N,
. . e 4o
S ¥
5100
Surface Loeation Number
245000 Colois
Hyquist Technology Py, Ltd.  info@nyatech.com  www.nyquist-technolagy.com Nyquist Technology Pty. Ltd. info@nyqtech.com www.nyquist-technology.com




Survey “Shooting” Animations -
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The survey can be “shot” as an animation to simulate the acquisition Shot Domain Animation: Shows the swath of receivers (green) that were live when the highlighted Shot
done in the field. Animations can be produced in 3 domains: (black) was recorded.
Sk i L] ol g8 o e S;i:ynagsgﬁ?;aby Piile. Gemini3D-1.4pr
1. Shot Domain — highlights the Receivers that were live when a shot o - oo 3 Becever 3 e

was acquired. Shots are animated in the order they were shot in.
This corresponds to how the data was actually recorded in the
field.

2. Receiver Domain — for a given Receiver, highlights all the Shots
that were “shot” into that receiver. Receivers are animated in
Receiver number order.

3. Bin Domain — highlights all the Shot/Receiver Pairs that contribute
to the CMP’s in any Bin. Bins can be animated in Bin number,
Inline or Xline order.

Min Offset
Max Cffset:

Animations can be used to visually check that the X-File relationship

information is error-free and has been read correctly. They are also a
good way of showing how a survey was recorded, particularly to non-
geophysicists.

Fold
1485/2539/1
4958/5606/1

0/5370

0/360/N

The first, last and increment are used to control the locations included
in the animation. The animation can be done automatically or by
manual stepping. In either case, the animation can be run in forward or
backward directions.

Each animation location can optionally be automatically saved as a = e

picture file to enable a movie to be made of the animation. e —



Survey “Shooting” Animations
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Receiver Domain Animation: Shows the all the Shots (black) that used the highlighted Receiver (green)
when the data was recorded.

Bin Domain Animation: Shows the Shots (black) and Receivers (green) that make up all the CMP’s that
contribute to the highlighted bin (magenta). A line is drawn between Shot/Receiver pairs.

Zvcv Line: )‘Eg L'Mc |3>|";;;3; ® Recv SPS Map Display Piile. Gemini3D-1.4pc l’“j':e ?;92 ® Recv SPS Map Display Piile Gemin3D-1.4pr
Ao Ed bhs e: o @ Shot Survey: Gemini 3D g 05273 @ Shot Survey: Gemini 3D
Reev Type H1 Bin Fold [ *8h
= = = Receiver m Inline o » Receiver w Inline
834000 835000 840000 345000 50000 . 234000 635000 340000 345000 350000 ahe T miie
Nam Recervers 8885 MNarm Receivers 8385
Num Recerver Lines: Num Receiver Lines 63
Receiver Lines 1552 - 2088 Receiver Lines: 1552 - 2088
Num Sources: 52.268 Num Sources: 52268
Num Source Lines. 120 Num Source Lines. 120
Source Lines: 5072 - 5234 Source Lines: 5072 - 524
Total Num Traces 23091935 Total Num Traces: 23091935
Min Offset Wi Offset 103
Max Offset 536320 Max Cffset 536320
Num CMP Birs: 723635 Num CMP Birs: 723635
2 & Inine Azimuth: 45.000 2 g Inine Azimuth 45.000
3 g Inine Bin Size 1250 3 g Inine Bin Size 1250
E 2 Xine Bin Size 1250 2 g Xine Bin Size 1250
Inknes. 1485 - 2599 Inknes. 1435 - 2599
Xires: 43958 - 5606 Xlres: 4958 - 5606
8in Fold 8in Fold
At lndx 1 Attlndx 1
120 20
1o
100
0
g g g g
Bin Attrbute: Fold Bin Attrbute: Fold
Inkne Min/Max/Inc 148512538 /1 Inkne Min/Max/Inc 1485/ 2595 /1
Xine Min/Max/Inc 4958 /5606 /1 Xine Min/Max/Inc 4958/ 5606 /1
Offset Min/Max: 015370 Offset Min/Max 0
Azmuth MiyMax/Compl. 0/360/N Azmuth MivMax/Comp! 0/380/N
g g g g
& g g g
834000 835000 840000 845000 850000 834000 835000 840000 850000
m hnol m Nyquist Technology Pty. Ltd. hnal

Nyquist Technology Pty. Ltd.

Note: This requires that CMP’s have been calculated and the data Binned. Binning is covered later.



Production Plots W
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Production Plots for both Shot and Receiver production can be produced. Each plot consists of a main histogram plot and up to four
graph plots. The production data can be plotted in either Quantity or Km values. Available attributes that can be plotted include the
daily production, total production, average daily production, daily start and/or end time, production hours and average daily speed.

Shot Production Plot showing the shots per day (histogram), the running total shots (blue graph) and the running average shots per day (red graph).

Shot Production Graph PFile: Mercury30-1.4pr
Survey: Mercury 3D

et -Mow- -Dec 06-Jan-07 23-Jan

Oct-06 11-How-06 08-Dec-06 06 07 23 a7

= + L + ]
=

Production Stalistics
First Day: 15-0ct-06

Last Bay 23-Jan-07
___________________________________________________________________________________________________________________ Hum Days: 1m
Hum Days (exel 0 days): 101
Mumber of Shots: 20916
Aug Daily Shots 207

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Lwg Daily Shels (excl O days) 207
Max Daily Shots 365
[Ciate of Max Prod: 21-Dec-08
Mumber of Km 1045.80
___________________________________________________________________________ Avg Daily Km: 1035
Awg Daily Km (exc! 0 days): 10.35
Max Daily Km 18.25
u

per Day

Shols

20

=3
15-Oct-06 11-Mov-06

Nyquist Technology Pty. Ltd. infe@nyqtech.com www.nyquist-technology.com




Production Plots
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The histogram plot can also use the Shot (or Recv) Type for colour coding to provide further detail in the Production Plot.

Shot Production Plot showing the kms per day (histogram) colour coded by the Shot Type, the running total kms (blue graph), running average
kms per day (red graph), the daily start time (pink graph) and the daily end time (purple graph).

Shot Production Graph PFile: Mercury30-1.4pr
Survey: Mercury 3D
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2D Survey Example Plots "ﬁff’é“
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2D surveys can also be loaded, checked and displayed. For 2D surveys, the CMP locations and Fold are automatically computed
based on the relationship between Shot and Receiver numbers. This binning matches that done in many industry standard
processing programs and allows both straight and crooked lines to be handled without the need to manually pick points along a
subsurface CMP track.

Map of 2D survey with elevation colour coded. Line Graph plot showing four 2D lines.

SPS Map Display Pile: Pioneer20-1 4pr
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Binned Attribute Displays W

TecHnoL.ogy
Binned Attribute displays and computations are covered in a separate presentation.
Shown below are two examples of the type of plots that can be produced as discussed in that presentation.
Bin Fold Map. Rose Plot.
SSPS M.ag Disp;aDy Pile: Gemini30-1.4pr Slfl;;syeMDelrsczls); o PFile: Mercury3D-1.4pr
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