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Tutorial: Converted wave (2D PS) processing

Han-xing Lu and Kevin Hall

ABSTRACT

This tutorial represents an initial attempt at documenting conventional converted wave
(PS) processing as practiced at CREWES. It is intended for people who, while already
familiar with ProMAX, have never processed a converted-wave data set. The Blackfoot
1997 3C-2D dataset is used as an example, and a series of ProMAX processing flows
sufficient to generate a time-migrated radial stack from raw shot gathers are presented.

INTRODUCTION

In these notes, we describe the conventional converted-wave (PS) processing of the
1997 Blackfoot 3C-2D seismic line in ProMAX.

Several assumptions are made:

1. Familiarity with ProMAX, and an understanding of the basic concepts of
converted-wave processing.

2. All assumptions required for standard vertical processing are also required for
radial processing.

3. One vertical and two horizontal geophones were carefully planted at each station
on the seismic line, one of the horizontals parallel to the seismic line (inline), the
other perpendicular (crossline). So, all three components have the same field
geometry.

4. The vertical component (PP) data are already fully processed, so the final PP root
mean square (RMS) and interval velocities are already known.

5. Only converted waves with a down going P wave, a conversion point at a
reflector, and an up going S wave are considered to be signal. Multi-mode
converted waves are considered to be noise.

PROCESSING
1. Create a new line:
In the same ProMAX area used for processing the vertical component (PP) data, create
a new line directory for processing the radial component (PS) data.
2. View shot gathers:

Before beginning, it is a good idea to have a look at the raw shot gathers in order to
get an initial impression of data quality (Flow 1). We recommend that you name your
flows with a number followed by a descriptive name. For example, “(01) View shot
gathers.” Descriptive names are also recommended for data sets, tables, and lists.
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SEG-Y Input
TYPE OF STOTAZE 10 USE...cuviviiiiceieieeieie ittt s te st be st e ne e e e e tesrens Disk Image
Enter DISK file path name ..........cccoevvevicievcccece, /disk/datadirectory/radial_shots.sgy

Automatic Gain Control
Trace Display

Flow 1. View raw shot gathers.

3. Geometry:

Use Flow 2 to transfer existing geometry information from the radial trace headers to
the database. Complete the “2D Land Geometry Spreadsheet*” exactly the same way as
for vertical data, including CDP binning. Then use Flow 3 to synchronize the database
with the trace headers. Under LINE->datasets, click on “shots with geom” with the
middle mouse button. If all has gone well, it should say that your geometry and trace
numbers match the database.

SEG-Y INPUL ..ot same as Flow 1
Extract Database Files
SOUICE INAEX METNOM ......cceviie ettt e e st e e st e s s st e e e s s bt eessabeeeessanes FFID
Receiver INdeX MELNOG. .........cueiii it ba e e STATIONS

Y = T 0 1 0] 11 | (USSR same as Flow 1
Inline Geom Header Load

Primary header to match database...........coevvieriiinieie e FFID
Disk Data Output

Output dataset fIleNAME..........cccvvviie i s shots with geom

Flow 3. Load geometry from database to radial trace headers.

An easier way to do the same thing (recommended) is to copy the database from the
vertical line to the radial line using, then execute Flow 3. This avoids the need to
complete the geometry spreadsheet twice.

4. Trace edits:

Run Flow 1, then from the pull-down menus in “Trace Display’ use ‘Picking->Kill
Traces...” to flag bad traces in the shot gathers. Use ‘Picking->Reverse Traces...” to fix
any polarity reversals. In this example we are saving our results in lists called “trace kill
for radial’ and ‘reverse traces for radial’ (used in Flow 5).

5. PS binning:

While many methods exist for binning PS data, we only discuss asymptotic binning
here. Execute Flow 4, then plot common depth point (CDP) fold from the CDP database
to check the results. You will find that the PP CDP fold has been replaced with the PS
ACP (asymptotic conversion point) fold which depends on the average Vp/Vs ratio, and
will look different than the CDP fold.
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We use the same bin size for CDP as for ACP binning; however, the natural bin size
for ACP binning is smaller than for CDP binning. This can cause extreme variations of
fold from one bin to the next if an integer Vp/Vs ratio is used (Figures 3, 4, and 8. Lawton
(1994) has some good 3D examples). For land data, Vp/Vs=2 is usually a good initial
guess, but it is better to use 1.9 or 2.1 in Flow 4 (Figures 1, 2, and 3).

P-S Asymptotic Binning*
SeleCt INPUL dataDESE .........eviveieiirieee e shots with geom
Overwrite iNPUL dataSet NEAUETS .........c.iiiirieiriie e No
Select OUIPUL datASEL.........cviireiiiciee e shots with pshin
Trace SAMPIE FOrMAL........cciiiiiiie e e 16 bit
SKip primary disk STOFAgE?......coeiiieeieiie ettt e e b No
VP/VS Value fOr DINNING ....cccoiiiiiie bbb 2.1
1o AN O 1301 PSSP Yes
Number of bins to pad eNdS DY ..o 10

Flow 4. PS asymptotic binning.

6. Initial guess of PS RMS velocity:

Copy the final PP RMS velocity file from the vertical line to the radial line, and
execute Flow 5. This will provide an initial guess of the PS RMS velocity for use in Flow
7. Parameters for this step can be obtained by inspection of the PP and PS shot gathers. If
the same events can be identified on both components, then time-varying Vp/Vs values
can be estimated.

7. Prestack processing:

Prestack processing (Flow 6) is identical to PP processing, with one major exception:
traces on one side of the source location in a PS shot gather will have the opposite
polarity to traces on the other side (Figure 4). The third “Trace Kill/Reverse” in Flow 6
takes care of this of reversing the polarity of all traces with a negative source-receiver
offset (Figure 5).

8. Refraction statics (shot and receiver):

Refraction statics are crucial for converted wave processing, especially since the
receiver statics can be as large as 100-200 ms. As mentioned before, converted waves are
P-wave down and S-wave up. Practically, this means that shot statics calculated during
PP processing (Typically with Hampson-Russell GLI3D at CREWES) can be reused for
PS processing. However, shear velocities vary more laterally in the shallow section than
compressional velocities, so PS receiver statics are more difficult to compute.

There are two ways to do receiver refraction statics for the radial component: 1)
Identify the S-wave refraction in the shot gathers and use the results to calculate the
receiver static, and 2) hand statics (easiest). Four steps are necessary to apply hand
statics: 1) Generate a receiver stack (Flow 7), 2) Interpret a horizon (Flow 8), 3) transfer
the horizon to the database (Flow 9), 4) apply the hand statics and evaluate the results
(Flow 10).
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FIG. 3. Asymptotic conversion point (ACP) fold for Vp/Vs = 2.1
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FIG. 5. Shot gather shown in Figure 1 after reversing the polarity of traces with a negative source-
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Construct P-S Velocities* <= P-P final velocities
Input P-P Velocity Field

Type of P-P velocity field ... stacking (RMS) velocity
Get P-P velocities from the database?..........ccoeiiiiiiiiiiiie e Yes
SELECT P-P input RMS velocity file ... P-P final velocities
Input P-S Velocity Field
Get Vp/Vs ratios from database? ... s No
Vp/Vs values vs. P-P tiMe........ccccccvvvveivcieieesc e 1: 0-2.1,1000-2.1,3000-2.1
Output Velocity field
Type of output Velocity field.........cccoeveiiiiiiie e NMO velocities
Output RMS or INTERVAL VElOCIties?......c.cccevveveevcieieiniennens Stacking (RMS) Velocity
SELEECT output RMS VeloCity file........ccooviviiiiicc e P-S initial
Time step size for the OULPUL tADIE ........cccoceiiciece e 50.

Flow 5. Initial guess of PS RMS velocity field.

Disk Data Input <- shots with psbin
Trace Kill/Reverse <= trace kill for radial

Trace editiNg MODE ........c.cocii it sre e e e e e e e e e e Kill
Get edits from the DATABASE? ...ttt Yes
SELECT trace Kill parameter file ... trace kill for radial
Trace Kill/Reverse <= reverse trace for radial
Trace editiNg IMODE ..........coiiii bbbttt see e e Reverse
Get edits from the DATABASE? ... e Yes
SELECT trace Reverse parameter file ..., reverse trace for radial
Trace Kill/Reverse
Trace editiNg IMODE ..o st e et e srenes Reverse
Get edits from DATABASE?.......co ittt bbbt No
Trace selection MOde........ccocevviiieiiineie e, Kill/Reverse traces in select list
PRIMARY edit list Neader WOrd...........ccooeiiiieiiiieise e FFID
SECONDARY edit list header WOrd..........cccovcviiiieiieieee e OFFSET
TERTIARY edit list header word ..........ccccveveveveieienennnn No trace header entry selected
SPECIFY traces to be edited........ccoovieriiiii i /*:-9999.0-0.0/
Apply Elevation Statics
Final datum elevation ... same as used for vertical component
Replacement VEIOCITY ........cccoverireiieieieie e same as used for vertical component
Database math method ..., Shot Holes Ignoring Uphole Times
Specify Weathering VEIOCITY .......ccccoeiiiiii e /120:610./
NMO Static MEhO .......ociiieiie e Elevations
Length Of SMOOTNET ......ceeecec e sreenees 51
Processing DATUM .......ccv oottt nee e NMO DATUM
True Amplitude Recovery <= P-S tar velocity
Apply spherical divergence COrreCtioNS?..........ccuiereinerieieneise e Yes
Basis for spherical SPreading..........cooeiieiiiieieieeee e 1/dist
Apply inelastic attenuation COMECTIONS? .........cooviiiiiiirieiee e No
Get TAR velocity function from database?...........ceeeiiiiiiii s Yes
Select velocity parameter file ... P-S tar velocity
APPLY AB/SEC COMECLIONS?.....c..iiviitiiieiteeteeeeie et te ettt st et tesbe e ne e e e e sbesresbesre e Yes
AB/SEC COMTECLION CONSLANT ......vevviviiiiieiiiteiecste ettt b s 4.
Apply time related t0 @ POWET COMTECLIONS?.........cceiiieiecieieie et s eae s No
APPLY function to data or REMOVE effect of amplitude corrections? .........c.ccceevenene Apply
Maximum application TIME..........ccoiveioiereie s 4000.

Flow 6a. Prestack data processing.
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Surface Consistent Decon
ChOOSE VEISION ...ttt Memory Version (small datasets)
Display spectra and autoCcorrelations? ............cceveiiie e e No
SEAME CDP ittt b bRttt b ettt Rt nen 202
ENO CDP...cte ettt bbbttt b e et b e et bttt h etk b be b 501
Get decon gates from the DATABASE? .....cvoiie et No
SELECT Primary decon gate header WOId .........cceoveverereviesinsn e seese e sen e e SIN
SELECT Secondary decon gate header Word ..........cccocvvereineneineneinenee, AOFFSET
SPECIFY decon gate parameters .........ccocoevvrererirennnn. 1:10:445-2830/1:2990:1750-2970/
TYPE Of deCONVOIULION ...ttt e Spiking
Components of spectral decomposItion: ..........ccccceoereriniineieneens SHOT RCVR OFFSET CDP
Spectral decompositions used in AppliCAtioN:...........cooviiieiiiiiiiic s SHOT RCVR
Limit offsets in deCOMPOSILION? .......ccvciiiiiiiiiicc et reeneas No
Decon operation 18NGth (IMS) ....cc.eiiiiiiiicicieese ettt resresne s 140
Operator “White NOISE” IBVEL.........cviiiiie e r e 0.1
RVAV Lo [0V A =TT Toa (o] g 1o (o PSRRI 3.
Apply a bandpass filter after deCON? .......ccocoviiiiies e No
Number of Gauss-Siedel ITEIatiONS........covii e e 5
Re-apply trace mute after dECON?.........ccci it Yes
TV Spectral Whitening
TYPE OF FIILEr .o Time-Invariant Parameters
Spectral balancing IeNGth ..o e 700.
Percent zero padding fOr FET S ..ot e 25.
Automatic filter panel deSIgN? .......o.o oo e Yes
NUumber of freqQUENCY PANELS ......vcieic e e 9
SPECIFY spectral balancing freqUENCIES..........cccocviiciiieciic e 1,6,70,80
Mode for amplitude restoration ..........c.ccceveviiieseciieicce e s Log Average
Re-apply trace mute after spectral Whitening? ..........ccocvvvviviiicieiee e Yes
Disk Data Output -> shots preprocessed

Flow 6b. Flow 6a continued.

Figure 6 shows a receiver stack generated by Flow 7 and displayed with Flow 8.
Locate a reflection that will be easy to pick, for example at 2200 ms. Go to “Picking ->
Pick Other Horizons” and set a new table name “horizon at 2200ms” for this example.
Pick the horizon, and be sure to “File -> Save Picks,” before exiting “Trace Display.”

Execute Flow 9, then go to “Database” and find the horizon ***** under SRF. Click
on the name of the horizon, go to “math,” “scalar,” ”shift,” and shift your horizon by
-2200 (ms, this example only). Go to “Database,” save the edited horizon and exit the
database.

Flow 10 makes a new receiver stack which includes the new hand statics. If the statics
are good, you should see a flat event at around 2200ms (Figure 7). If not, you should
repeat the procedure for picking a horizon until you are satisfied with your results.

CREWES Research Report — Volume 15 (2003) 7
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Disk Data Input <- ShOtS PreproCessed.........cccoceierererenenenieeeiee e sort by REC_SLOC
Database/Header Transfer
Direction of transfer ........cccoevveriieneicineseee e Load TO trace header FROM database
NUMDET OF PATAMEBLETS ......viiiiciece et sr et e be b e s beebe e e e e e beseesrenre e 2
First database Parameter.........ccocvcveriereresese e SIN STATICS GLISTAT
T A g T=T 1o [T T £ S s_ref
Second database Parameter ........ccocvcvvevereriesene e SRF STATICS GLISTAT
SECONT NEAGET BNLIY ....vieiieiicte ettt et r_ref
Trace Header Math ..o r_ref=r_ref*2.1
Header Statics
BUIK SNITE SEALIC ..ottt bbb bbb n s 0.
What about previous StatiCS?.........ccoerereririeiirerieee e Remove previous statics
Apply how many statics header ENEHES? .........ccvieiiiieiececcre et 2
First header WOrd £0 @PPIY .....ooiii it s _ref
Second header WOrd £0 @PPIY ...ooveie i e r_ref
HOW 10 apply Neader STALICS......eiveieeeieeeris ettt sne s Add
Normal Moveout Correction <= P-S initial
Direction for NMO appliCation ..........ccceoveievinieieirsieseee e e FORWARD
SEIEtCh MULE PEICENTAGE .....eiveeeiiite ettt ettt ere e 30.
Apply any remaining statics during NMO? .........cccccviiiiiniiinenes e Yes
APPIY PArtIAl NIMO?......ei bbbttt No
Get velocities from datahase?..........coo it Yes
Select Velocity parameter File ..o P-S initial
Trace Muting
Re-aPPIY PreVIOUS MULES .....uiiieiicieiiec ettt ettt te b e e e e b e e e sbesresrenns No
MULE tIME TETEIENCE ..ot ettt b Time 0
TYPE Of MULE .ottt st et e e s e e et e be b e s besreene e e eneas top
Y= (L0 o N -V 1] oS 30
EXTRAPOLATE MULE TIMES? ...ttt Yes
Get mute file from the database?..........ccovriiiiiii e No
SELECT Primary mute header Word ............coceovcirericneinenccnienns receiver index number
SELECT Secondary mute header WOrd...........ccoeoiineineneinenecseee e AOFFSET
SPECIFY mute parameters ........ccouecervevrereevseresnseenennns 12:300:0/12:360:300/12:660:600/
12:1500:1080/12:2500:1250/12:3240:1440/
CDP/Ensemble Stack
Sort order of INPUt ENSEMBIES..........coi i RECEIVER
Method fOr trace SUMIMING ......cccociiiiicieeice et sr e Mean
Root power scalar for stack Normalization.............ccccvcveieiieieicic e 0.5
Has NMO been applied? .......cc.oovii it sne s Yes
Resample/Desample

Disk Data Output -> receiver stack

Flow 7. Make a receiver stack.

Disk Dataset Input <- receiVer Stack...........cccceoeiiieniiieiinesieeeee e sort by REC_SLOC
BaNAPASS FIITET ...t bbbt e e e 5-8-40-50
Automatic Gain Control

Trace Display

Flow 8. Display the receiver stack for horizon picking.

8 CREWES Research Report — Volume 15 (2003)



Tutorial: Converted wave (2D P-S) processing

Database/Horizon Transfer*
Direction Of tranSTr .......oovveeieii e Horizon To Database
[ o]0 T v o] [ horizon at 2200ms

Flow 9. Transfer horizon to database.

Disk Data Input <- ShotS PreproCessed.........cccceverereresnsieereeieerenesesesennens sort by REC_SLOC
Database/Header TranSTer ... same as Flow 7
HEAERE STATICS ... .iiiiiiiiic ettt be et e e rbeeraesbeestes same as Flow 7
Trace Header Math ... same as Flow 7
Database/Header Transfer
Direction of transfer ... Load To trace header FROM database
NUMDET OF PAFAMEBLETS ......ee it e b et b e bbb e 1
First database Parameter.........cccccieiiiiiese st SRF horizon ****
FIrSt NBAUET BNIIY ...vvieiii et e et se et e besreeresnneneas r_handl
Header Statics
BUIK SRITE SEALIC ..vveveieiecie bbbt sbeneere s 0.
What about previous StatiCS?........ccccvvviirieiriere e Add to previous statics
Apply how many statics header ENEHES? ........cvcveiereii e 1
First header wWord t0 apply.......ccooiiiiiiiiiiic e r_handl
HoW to apply NEAEr STALICS. ........cviiieiiiriccee e Subtract
Normal MoveoUL COFTECLION .......cccoiviiiiiicceece et same as Flow 7
THACE MULING ..ttt bbb bbbt sn e same as Flow 7
CDP/ENSEMDIE STACK ..ot same as Flow 7

Trace Display

Flow 10. Make and display a new receiver stack with hand statics.

9. Brute stack:

The next step is to create an ACP brute stack so we have something to compare the
results of poststack processing to (Flow 11). The initial guess at the PS velocity function
from Flow 6 is used for NMO corrections.

10. Velocity analysis:

Velocity analysis is a critical aspect of any seismic processing. Flow 12 will generate
and display data for semblance-based velocity picking. Save your picks, and use them in
Flow 11 to generate a new version of the brute stack (brute stackl, this example). As you
refine your velocity function, the brute stack should improve.

11. Residual statics:

ProMAX provides several residual statics modules. Here, we only describe the
procedure for use of the “EMC Autostat: Xcor Sum” module, which requires an external
model. First, an enhanced stack must be created for use as the model using any of the
signal enhancement techniques available in ProMAX. In addition to normal pre-
processing, unwanted high- and low-frequency noise should be removed by band-limiting
the input data. An AGC should also be applied to all input traces (Flow 13). Data
preparation for input to the residual statics module includes correlation with the external
model (Flow 14).

CREWES Research Report — Volume 15 (2003) 9



and Hall

TS

ﬁﬁss (il

REC_SLOC
2i6 4|1 5|6 ?|1

jﬁ %ﬁ ; 4“**(5?31)1: ﬂ ‘3 z

il

. éiEsiEiElii‘éi!‘%‘i*!!)‘l*l!:ﬂi%il’tll

sv’iii{ iy
il S*m!’ii«zd

FIG. 6. Portion of initial re

iz

REC_SLOC
26

8|6 1¢||6

o mfﬁ ;"' i iiigiiﬁ
e
i i i
il e

el 11112’3 !]Iif 3:11

i!i‘iei%;é’izﬁﬁi««.aiiﬁié‘é‘z:: mssﬁi

e g

ver stack generated by Flow 7.

FIG. 7. Receiver

stack with hand statics (Flow 10).

10

CREWES Researc

h Report — Volume 15 (2003)



Tutorial: Converted wave (2D P-S) processing

Disk Data Input <- ShOtS PreproCeSSEd..........cooiieiirerieeieie et sort by CDP
Database/Header TranSTr .......cccoiii it same as Flow 7
Trace Header Math ..ottt same as Flow 7
[ (oo T [ ) =\ (o1 same as Flow 7
Database/Header TranSfer .......cocviiie it same as Flow 10
[ (oo T [ ) = (o1 same as Flow 10
Normal Moveout Correction <= P-Sinitial..........ccccivviivviiiicc e same as Flow 7
Trace Muting
RE-APPIY PIrEVIOUS MULES ... .cviiviieiiitiiteiiet ettt b et No
IMIUEE TIMIE TEFEIEINCE ... vttt ettt et e e e sttt e e et et e e s bt e e s s et beeesssbaeessareneeas time 0
TYPE OF IMULE <.ttt bttt b e b bbb e e top
SEAMTING FAMP .ttt et b bbbt e b et e b e et e e b e be bt et et e s e neeebesbesbe et 30
EXTRAPOLATE MULE tIMES?...iiiueiiieiie ettt sttt s ve s s sbassba s s sbassbes e Yes
Get mute file from the DATABASE? .......ocvi ittt s ra e sba s No
SELECT primary mute header WOrd..........ccovvviiiiiiieie e CDP
SELECT second mute header WOId .........c.ccocvveieeeiiicceie e AOFFSET
SELECT mute parameters.........coovevereereerereesesennens 212:300:0/212:360:300/212:660:600/
212:1500:1080/212:2500:1250/212:3240:1440/
CDP/Ensemble Stack
Sort order of INPUL ENSEMDIES..........ooiiiiiie e CDP
Method fOr traCe SUMIMING .......cooiriiiiiiieiie bbb eene s Mean
Root power scalar for stack NOrmalization.............ccoceiiiiiiiiiiie e 0.5
HaS NIMO PPIIEA? ... bbbttt se e nbe e Yes
Trace Display
Disk Data Output -> brute stack

Flow 11. Make a brute stack.

Execute Flow 15 to compute the residual statics. Note that the ID number and
maximum source or receiver static must match those specified in Flow 14. Actually,
these statics are decomposed into source, receiver, and structure (CDP) statics. The newly
computed residual source and receiver statics should now be in the database. Source: SIN
STATICS SPEMO0001, Receiver: SRF STATICS SPEMO0001.

A. Repeat the velocity analysis (Flow 12), but apply residual statics and generate a
new velocity function, ‘PS vel2.’

B. Make a new ACP stack (Flow 11), but apply residual statics and use the new
velocity function. This stack should be an improvement over the original brute stack.

C. Repeat the steps for calculating residual statics (Flows 13-15), but apply the
residual statics from the first round, and use the new velocity function. Also, change the
maximum source and receiver static from 36 to 24, and change the 1D number from 0001
to 0002.

You should now have new residual source and receiver statics in the database. Source:
SIN STATICS SPEMO0002, Receiver: SRF STATICS SPEMO0002.
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Disk Data Input <- Shots preprocessed..........ccoceverererieeieienenesesienes sort by CDP and OFFSET
Database/Header TranSTer ... same as Flow 7
Trace Header Math ... s same as Flow 7
HEAAEE STALICS......ccviiiiciecececc et eere e same as Flow 7
Database/Header Transer ... e same as Flow 10
HeEAdEr STALICS......ccv i nns same as Flow 10
Normal Moveout Correction <= P-S initial
Direction for NMO appliCation ..........ccoeoiiiiiiiiiiiiee e FORWARD
SErEtCh MULE PEICENTAGE .....eiveeeieite ettt ebe e 10.
Apply any remaining statics during NMO? .........ccccciiriiiniiinees e Yes
APPLY PATIAL NIMO?. ...ttt bbbttt sb e e sbe b b No
Get velocities from database?.........ccoviiiiieiie e e Yes
Select Velocity parameter file ... P-S initial
TrACE MULING .ooiiiiicicice ettt beete e e e st e e e ntesrenneas same as Flow 11
Automatic Gain Control
T Lo o T3 | ] S 10-14-70-90
LR T= Vg o] (oA L= Y= g o] o] [ PSS 4,

Disk Data Output -> temp for vel analysis
Supergather Formation*

Read data from Other lINES/SUNVEYS?.......c.oiiiiiirieiieese s No
SEIECT AALASEL.......eivieeeiiecee s temp for vel analysis
Maximum CDP FOId ..o from database
Minimum center CAP NUMDEE ........coiiiiiiieee e e from database
Maximum center CAP NUMDET .........cooiiiiiie e from database
(000 [T 1ol (= 1111 ] S 25
(000 [0S (0 o0] 010113 TS 15
Velocity Analysis <= P-S_vel_1

Select display DEVICE ...t st This Screen
Table to Store VElOCItY PICKS.......cviicie s P-S vel 1
Is the incoming data PreCOMPULEA?........cceiviieieiecre e nnea No
Number of CDPS t0 SUM INEO QALNET ....c..iiiiiiiiieicee e 15
Apply partial NMO-t0-DINNING .......coeiiiii e No
Apply differential CDP Mean StAtICS? ........ccoviiireiiiieiee e No
Absolute offset Of first DIN CENTEN........c.o i 5.

Bin size for vertically SUmMming OffSetS.........ccooiiiiiiie e 10.
MaXIMUM OFFSEL. ...t 3400.

Use absolute value of offset for stacking?..........ccccoviiviiiiciii e Yes
Number of stack VeloCity FUNCLIONS ........ccoviiiii i s 11
Method of computing velocity fUNCLIONS .........cccccovcvvvviv i, Top/base range
Velocity variation at time 0.........cccevvieeieereiise e 200.
Velocity variation at maxXimum tiMe.........cocvevererinienie e 1000.

Interact with other processes USING PD?.......c.coiiiiiiiiieieieee e No
Get guide function from an existing parameter table?...........cccveiiiiiiiineine Yes
Velocity guide function table NAME ... P-S initial
Maximum stretch percentage for NIMO ........ccoiiiiiiiiiiieie e e 0.
Interval velocity DEIOW 1aSt KNEE.........cooiiiiieeee e 0.
SEt NOMIZON PATAMELEIS? ...ttt bbbt e e bbb b sne e No
Copy PICKS 10 NEXE IOCATION .......eviiiiie et re e Yes

Flow 12. Semblance based velocity analysis on supergathers.
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Tutorial: Converted wave (2D P-S) processing

Disk Data Input <- brute stack 1
Time-Variant Scaling
Trace Equalization

F-X Decon
TYPE Of FITEI ..o Wiener Levinson
Percentage Of WHiIte NOISE..........ccuiiiiiii i b 0.1
Horizontal WindoW 1ENGEN ........cooi e e 31
NUmber of filter SAMPIES......ociiicec e e 13
TImMe WINAOW IENGEN......oiiie e et sre 150.
TIME WINAOW OVEFIAD. ...c.viiviiiiiiecice ettt st s r e be e neenr s 75.
F-X FIIter Start frEQUENCY .. vcuveieiee sttt sr et ene e nes 1.
F-X filter end frEQUENCY .....cvvieeiccc sttt sr e 70.
Re-apply trace mute after fIIEr?..... ... Yes

Automatic Gain Control

BaNAPasS FIlTEr ..o 5-8-40-50

Disk Data Output -> FX model

Flow 13. External model as pioneer traces.

Disk Data Input <- Shots preprocessed..........ccocverererieeienienenesesienes sort by CDP and OFFSET
Database/Header Transfer ... e same as Flow 7
Trace Header Math ..ot same as Flow 7
HEAAET STALICS ....o.viviieeiciiiieeie bbbttt same as Flow 7
Database/Header Transfer ... same as Flow 10
HEAABT STALICS ....c.viviitiiciiiie e et b e et sb et sbe e same as Flow 10
Normal Moveout Correction
Direction of NMO applCALION .......cccoceiiiiiieiieieesie e Forward
SErEtCh MULE PEICENTAGE ... cveiveieieite ettt sb e 0
Apply any remaining statics during NMO? .........ccccciiiiiininine e Yes
Get velocities from the database?....... ..o s Yes
SELECT Velocity parameter file ... P-S vell
Time-Variant Scaling
THACE MULING .. et e s be s beeteeneesbe e e saesrenneas same as Flow 11
Automatic Gain Control
BaANAPass FIITE ........coviiiieice et b et e e e ne 5-8-40-50
External Model Correlation
Select MOodel trace dAtASEL .........cvvirieiiireece e FX model
Use autostatics horizon or gate file?.........cov v GATE
Get autostatics gate from the DATABASE? ... No
SPECIFY autostatics gate parameters.........ccoeovvereenerieeneneeesienesiennas 301:400-2900/
Minimum live samples in a gate (PErCENTAJE) .......urerererrierie ettt 50.
Maximum SEAtIC SNITL.........coiii e 36.
Write correlation pick TIMES to the database? ... Yes
Write correlation pick AMPLITUDES to the database? ..........cccccoevviviecieieiciencse e Yes
Write quality control estimates to the database? .........cccceveviiiii i Yes
Datahase MOGE .......cuvrvereieirierieirieise ettt bbb e Overwrite/New
g1 (=T o T T 1 U] o S 0001

Disk Data Output -> data input for calculate residual statics

Flow 14. Input data for residual statics computation.
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EMC Autostat: Xcor Sum*

Input correlations from Tape OF DiSK ......ccccciiiiiieciccce e Disk
Select input correlation file ..o data input for calculate residual statics
First statics COMpPUtation OMAIN ..........cccoviiiiiiiiiiie e et CDP
Second statics COMPULation OMAIN ........ccueiveieieiiirese e enees Source
Third statics computation dOMAIN .........cccceiiiirii e Receiver
Fourth statics computation dOMaiN...........ccovvviieiiiee e NONE
Adjust correlations by a previous SOURCE SEAtIC? .........cccoveirirerineneiesiesee e No
Adjust correlations by a previous RECEIVER StatiC?.........c.cooviireninieneiineneese e No
Adjust correlations by a previous CDP RESIDUAL STRUCTURE?.........cccocvvivieiereiene e No
Method for correlation SUMMING .........ccoeiiriiiiie e Alpha-trimmed Mean
Percentage 0f SAMPIES 10 EXCIUAR........cuoiiii i 15.
Maximum SOUICE OF FECEIVET SEALIC ....vvvveveririeieiistiieisie sttt nnenens 36.
Create a NEW database entry for €aCh run?.........cccccooe i Yes
ENter 4 digit ID NUMDET.......cociiieieicc ettt st e teene e sr e es 0001

Flow 15. Compute residual statics.

EMC autostat: Xcor Sum*

Input correlations from Tape OF DiSK ......c.ccoiiiiiiiiiiee e Disk
Select input correlation file ..., data input for calculate residual statics
First statics computation dOMaiN..........cccccceiiiiiiiie e e Channel
Second statics computation dOMAIN .........c.cccviveieiieieie e NONE
Adjust correlations by a previous SOURCE StatiC? ..........cccceveveniiiiiesesieeieiee e se e No
Adjust correlations by a previous RECEIVER StatiC? ..........ccccvvvviviviiieiiereiesesese e snsnanens No
Adjust correlations by a previous CDP RESIDUAL STRUCTURE?.......ccccccvvvvvvvvenninnnnne No
Method for correlation SUMMING.........ccccoovvviiniesieeece e Alpha-trimmed Mean
Percentage of Samples t0 EXCIUAR........cociiiiiiie e 15.
MaxXimum SOUICE OF FECEIVET STALIC ....eeuvereeieieiiesie ettt sne e 12.
Create a NEW database entry for aCh run?.........cccocooiiiineininceesee s Yes
Enter 4 digit 1D NUMDEE .......ooiiiiie ettt 0003

Flow 16. Compute trim statics.

Repeat steps A and B, but change the maximum source and receiver static from 24 to
12, and change the ID number from 0002 to 0003. Now run Flow 16 instead of Flow 15

for step C. You will now find trim statics in the database: TRC STATICS TRIMO0003.

12. ACP stack:

Repeat step A to generate an improved PS velocity function (P-S vel3), and repeat step

B with the new velocity function and trim statics to make the final ACP stack section.

13. Poststack time migration:

If the final ACP stacked section is satisfactory, you can perform a poststack migration
on it. After stacking, the stacked section is at the final datum, but your PS velocity
function is at a floating datum (NMO datum). Before Kirchoff time migration, ‘P-S vel3’
must be adjusted to the final datum using velocity manipulation (Flow 17). The adjusted

velocity function is then used in Flow 18 to produce a migrated section (Figure 7).
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Tutorial: Converted wave (2D P-S) processing

Velocity Manipulation* <= P-S vel3

Type of velocity table to iNPUL .......cccveveiiiei e, Stacking (RMS) Velocity
Get velocity table from database? ...........cccveieiiiiie i Yes

Select input velocity database ENtry ..........ccoveeeieiiici e P-S vel3
Combine a second velocity table with the first? ... No
Resample the input VeloCity table(S)?.......cov v No
Shift or stretch the input VElOCity table?..........cveieieiic e No
Adjust velocities to the final datum? ... Yes
Type of parameter table t0 QULPUL .........covvireiiiiicrcc Stacking (RMS) Velocity

Select output velocity database entry ..., P-S for kirmig
Spatially resample the velocity table? ..........coo oo No
Output a single average VeloCity table?...........oooiiii i No
SMOOth VEIOCILY TIBIA? ..o e e Yes

Half height of triangular SMOOLhEr ...........ccccociiiiciece e 200.

Time step sizes for the output veloCity table..........ccoveviiiiiniieccce e 60.
Adjust output velocities by PErCeNtAgES? ......cvivire it No
ClP OULPUL VEIOCTIIES? ...ttt bbb e No

Flow 17. Adjust PS velocity function for use with Kirchoff migration.

14. Depth variant stack:

As mentioned above (section 5), the average Vp/Vs ratio is used when we do
asymptotic binning. This is a very rough estimate, especially for the shallow section,
where Vp/Vs is typically much higher than the average. Now that have migrated CDP and
ACP stacks for the vertical and radial components, we can estimate the Vp/Vs ratio in
different time windows, and at different locations along the line. The first step is to
interpret the same horizons on both stacks, possibly with the aid of synthetic
seismograms. Once this has been done Vp/Vs can be estimated from the picked travel

. % . . . .
times using V_p = 2AA—l, where Tpp is the traveltime to a horizon on the migrated PP

ATpp

section, and Tps is the traveltime to the same horizon on the PS section. Now Flow 19 can
be used to make a depth-variant stack.

S

15. Migrate final stack:
Run Flow 18 again to produce the final migrated stack.
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Disk Data Input <- final stack
TV Spectral Whitening

TYPE Of fIlter . Time-Invariant Parameters
Spectral balance scalar LENGTH ..o e 500.
Percentage zero padding for FET S ... 25.
Automatic filter panel deSIgN? .......cvcv e Yes
NUumber of fFreQUENCY PANELS ....c.veriece e 9
SPECIFY spectral balancing freQUENCIES..........cocvvviirinieieiee e 1,6,70,80
Mode for amplitude reStOration ............coeeieieiiie i Log Average
Re-apply trace mute after spectral Whitening? ...........ccooeriiiiiiiiicic e Yes

Trace Equalization
Trace Equalization
Time-Variant Scaling

F-X Decon
TYPE OF FILEE e e e Wiener Levinson
Percentage Of WHIte NOISE.........coveiiiiie st 0.1
Horizontal Window 1ENGEN ........cveieee e s 21
NUMBbEr O filter SAMPIES...ccvi e 3
Time WINAOW LENGLN........oiiii e 150.
TiMe WINAOW OVEITAP. ..ot 75.
F-X Filter Start frEQUENCY ......oooriiiie e e 1.
F-X FIlter end frEQUENCY ......eiieeieeee e e bbb 70.
Re-apply trace mute after fIlTEr?..... ... Yes
BaANAPASS FIITET ...ttt st e e e 4-7-60-70
Kirchhoff Time Mig.
CDP interval (fEEt OF MELEIS) ....cviieiiiiiiesesese ettt st e e e re e e e eee e 10.
Maximum frequency to Migrate (iN HZ)......c.cooveiiii i 70
Migration aperture (fEEt OF MELEIS) .....vivveiiiere e neenae e 0.
Maximum dip t0 MIGFALE........cviiveieieie et ee e nes 180.
AVOId SPatial @lHASING? ...c..eiveiiieiieeee e e Yes
Get RMS velocity from database?.........cccvriiiiiiiiieines s Yes
Select RMS vs. time VeloCity file.........coooriiiiiiiiec P-S for kirmig
Change maximum MEMOFY USAJE? .......coeiirereeieriertestesieateseeeesaessesaeseesbessesseeseessesseseessessesns No
Change the default tAPEIING? ........oiiiiiee e et No
RE-APPIY TrACE MULES ......eieiee ettt bbbttt be e bbb Yes
RE-KIT AU TFACES? ... vttt ettt et sttt sbe e re st Yes

Disk Data Output -> mig stacked

Flow 18. Poststack Kirchoff time migration.
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Tutorial: Converted wave (2D P-S) processing

Disk Data Input <- ShOtS PreproCeSSEd..........cooiieiirerieeieie et sort by CDP
Database/Header Transfer ... e same as Flow 7
HEAAET STALICS ....c.viviieiiciiiiee bbbttt same as Flow 7
Database/Header Transfer ... same as Flow 10
HEAABT STALICS ....e.viviitiieiiite et et sbe e same as Flow 10
Database/Header Transfer
Direction of transfer ... Load TO trace header FROM database
NUMDEE OF PATAMETETS ......itieiiie bbb 4
First database parameter........c.ccoveveiieneiienc e SIN STATICA SPEMO0001
First Neader WOrd ENEIY ..o s resi 1
Second database parameter .........ocoeieieie i SRF STATICS SPEM0001
Second NEAAEr WOIT BNEFY .....c..oiiiiiiiieee et et rresi_1
Third database Parameter .........c.ccceveieiienisie e SIN STATICS SPEMO0002
Third header WOrd BNty .........ooe i nre e s redi 2
Forth database parameter...........cccoeveveienisie s e SRF STATICS SPEMO0002
Forth header WO BNEIY .......ocviieicece et eneas r_resi 2
Header Statics
BUIK SHITE SEALIC .vveveieiecie bbb sbeneere s 0.
Apply how many statics header ENEIHES? ..o s 4
First header wWord t0 apply ..o e s resi 1
Second header WOord t0 apPIY ....coveviiieiiiic e rresi 1
Third header Word t0 apPIY .......ooveeeiiee e S_resi_2
Forth header Word t0 @PPIY .....ooveeeiiie et b r_resi_2
HOW t0 apply Nader STALICS? .....ccueeuieeiieiie et Add

Apply Trim Statics
Normal Moveout Correction <= P-S final

Direction for NMO appliCation ...........ccccveiiiiiiiiiii e Forward

StretCh MULE PEICENTAGE .. vevvveiee ettt nrenre e 0

Apply any remaining static during NMO? .........cccoiiiiiiiniiieece e Yes

F A o] 0] Y o L L L NN 1YL TR No

Get Velocities from datahase?..........cocv v Yes

Select Velocity parameter file .........coooiiiiiiii e P-S final

THACE IMULING ...ttt bbbttt sbe bttt n e final top mutes
Converted wave stack <= P-S final

Maximum OFFSEL 10 STACK .........eoiiiiiieeee e 3240.

Create multiple OffSEt PIANES? ......cviiviiiiece e No

Shift data to final atUM? ..o s Yes

Stack by common tranSmiSSION POINT? .......c.coiiiiiiicisiecere e No

Get P-P RMS velocities from database? ..o Yes

SELECT P-P RMS VEIOCItY fil€......cecvceieeieicc e P-S final

Get Vp/Vs ratios from database?..........ccciviieiiiireie e s No

VP/VS ratios for Stacking ......c.ccoeeveneiineniieeeee e Vp/Vs from correlation

Trace Display
Disk Data Output -> depth variant stack

Flow 19. Depth variant stack.
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FIG. 7. Poststack Kirchoff time-migrated depth-variant stack created by Flow 18.

SUMMARY

The Blackfoot 1997 3C-2D data set has been used to demonstrate basic converted-
wave processing in ProMAX. The reader should be able to use the example processing
flows to successfully process their own 2D data sets.

FUTURE WORK

This tutorial needs to be checked for consistency with ProMAX version 2003.3.2, the
version in use at CREWES at the time of writing. A discussion of max-power geometric
data rotation would be useful and ProMAX modules written at CREWES should be
added to the tutorial. The authors welcome any comments or criticism of this document.
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