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ProMAX Exercise

What is ProMAX?

A software package for processing reflection seismic
data

-Commonly used in the energy industry
‘Not freel

*There are many other programs that will do the same
sort of thing - they differ mainly in their user interface
(or lack thereof)

‘Runs on many flavors of UNIX



Where did the data come from?

* A short seismic reflection survey in
Papua New Guinea

+ September 1999

* R/V Maurice Ewing

- 1.2 km streamer

- 48 channels

- 25 m group interval

- 1395 inch® tuned six airgun array
- 25 m shot interval

- 24-fold CMPs 12.5 m apart
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*A rift basin in Papua New
Guinea

*A classic place to study the
orogenic rifting to seafloor
spreading transition

*The line that we will look at
crosses a large rift basin
close to the transition to
seafloor spreading

*The survey was carried out
P o as part of an Ocean Drilling
D Program site survey




High Pressure Air
Sources: The Air Gun

From: http://www.ldeo.columbia.edu/res/fac/oma/sss

Ready Fire! Fired

Lower chamber has a top diameter Full pressure has built up in the A large bubble of compressed air is
that's smaller the bottom diameter - upper chamber. The Solenoid has ge bub P .
. . . . expanding into the surrounding water.
air pressure forces the piston down been triggered, releasing o
. » . .. . The air in the lower control chamber
and sealing the upper, firing high-pressure air into the active .
. P . . . - has been compressed. The triggered
chamber. High pressure air is filling air passage, which is now yellow. . .
. . g . air, released into the space below the
the firing chamber through the The air fills the area directly below ; .
. . \ . piston, is fully expanded, and can now
T-shaped passage, and the firing, or the piston, overcoming the
. . - . o . exhaust at a controlled rate through the
actuating air passage is blocked sealing effect of the air in the vent ports. As this takes place. the
(solid black) by a solenoid valve. lower, control chamber. The P . P ’

piston rapidly but gently moves
downward, re-sealing the chamber, and
readying the sound source for refilling.

piston moves upwards, releasing
the air in the upper chamber into
the water.



s Airguns suspended from - Single Air gun - note air
stowed booms ports

Other source?






Tuning An Air 6un Array

The sum of the six individual gun signatures

Six individual airguns

Individual airgun sighatuves have strong bubble pulses .
Tuned six-gun array

When a cavefully chosen suite of alvguns is fived simultaheously,
a tuned signature is produced.

Milliseconds

J. Dieboid L-DEO

- Summing the signal of multiple guns creates a more desirable
signal
-Note the relative scales of the left and right plots

From http://www.ldeo.columbia.edu/res/fac/oma/sss/tuning.html



Listening
- Hydrophone
- Piezoelectric material

- Pressure changes in the water generate small currents which
are amplified

- Geophone
- Mechanical
- Motion of coil relative to magnet generates a small current
which is then amplified
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Fig. 3.19 Schematic cross-section through a moving-coil

geophone.

From Kearey, Brooks, and Hill, 2002



How is a Marine Seismic Reflection
Survey Shot?

Definition of shot and common mid-point (CMP) gathers

Shot gather: All the data CMP gather: A collection of

recorded on all the channels traces that have been

by a single shot recorded at the same
location.

Shot and CMP gathers are simply different ways of sorting the
data.

What is the natural CMP spacing relative to the group interval?
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Starting ProMAX

» Type Promax on the command line
- Select the survey
- Select the line that includes your name



Anatomy of ProMAX

Click on the area, then

Applications Actions @ e

ProMAX 2D Version 2003.12.1 © Landmark Graphics C f . MID ;: 000c29630cb0
AREA: EH9910
i LINE: EW9910 Line ODP11

Delete Rename Print
Database Tables Product

UNIX Name Own: Last Change
Display Shots 01-displayshot promax 22 8 .
Inline Geom Load 02-inl inegeoml promax Hay 22
Power Spectrum 03-powerspectr promax M 22 L l ST O f f I o WS
Filter 04-filter promax 22
Display CHPs 05-displaycmps promax i 22

.
Velocity Analysis 06-velocityana promax M 22 8 — 1‘ S
stack 07-stack promax 22 O p e r'a l O n
View Stack 08-viewstack promax M 22
Migration 09-migration promax 22

.
View Migration 10-viewmigrati promax 22 *haT We Wl I I
Create supergather 99-createsuper promax M

Status of
any jobs
that are
running

MB1 = Choose Hode
Completed 10-viewmigrati Nommally

i —. —

This area tells you what each of your mouse buttons will
do - ProMAX uses three mouse buttons



Anatomy of ProMAX

Click on

AREA: EW9910
| ZINE: EW9910 Line ODP11

0

="
_  Add Delete Execute
Disk Data Input <- 11 Shots w/geom
Trace Display

ProMAX 2D Version 2003.12.1 © Landmark Graphics Corporation 1989-2004. All rights Reserved.

Compose a ProMA! Flow from the Processes list. Execute and review results

MID : 000c29630ch0

Iocalhost LID : 7252ABFErD81E |

PraMAX 7D Prac

Data Input / Output

Disk Data Input

Disk Data Insert

Disk Data output

SEG-Y Input

SEG-Y Output

SEG-C Input

Floppy Input

SeisWorks Seismic Input
Insight Data Input

Insight Data Output

SeisWorks Horizon Output*

SS Phoenix Output

Finite Difference Modeling
Hull Data File

Synthetic Trc Generation
Synthetics for Lin. V(X,Z)
Dataset Merge*

Tape Copy*

Archive to Tape

Processing Module QC

OPF Compare for QC*

New BETA Modules in 2003.12.1
Adaptive Coherent Noise Subtraction*
Dataset Merge*

Flow Output HMerge*

Parameter Table NMO*

Poststack Kirchhoff 2D Time Mig.
Stratified Earth Effective Eta*
Velocity Trace Manipulation

New & Significantly Enhanced 2003.12.1 Modules
2D Supergather Select

2D Supergather Formation*
3-Term Moveout

AVO A & B Bnalysis

AVO & Velocity Iteration (AVEL)
Derive Single Match Filter
Header Value Range Scan
Prestack Kirchhoff 2D Time Hig.

Tape Data Input

Tape Data Insert

Tape Data Output

SEG-A Input

SEG-B Input

SEG-D Input

Well Log Input

SeisWorks 2D Seismic Info*
SeisWorks Seismic Output
SeisWorks Horizon Input*
SS Phoenix Input
Landmark SEG-Y Input
Landmark SEG-Y Output
Optimum Sweep Analysis
Vibroseis Sweep Generation
Dataset Utilities*

Flow Output Merge*

Tape Dump*

List/Restore from Tape
Dataset compare for QC*
MORE ....

Adaptive Hultiple Subtractior
Ensemble Tapering

Inv Surface-Related Hult Prec
Phase-Amplitude Q Compensatic
Residual Hoveout Correction
Tahle to Header Transfer

Autopick 3-Term VA

AVO Velocity Analysis

Create CDP Database*
Ensemhle Stack/Combine

Noisy Trace Editing

Prestack Curved Ray Kirchhofi

_ config Option Queue Completed 10-viewmigrati Normally

This flow reads in the seismic

data and displays it

List of
individual
processes -
things we can
do to the data.
Flows are built
up of a
sequence of
processes. Click
oh one and it
will appear in
the left-hand
window. Delete
and processes
accidentally
added by
clicking on
delete in the
lef+-hand
window



Anatomy of ProMAX

with the middle mouse button. This will

Click on

parameterize the process. Here we see that we are reading in

(raw shot file with navigation added to the headers), sorting the
(shot number), reading in every 10™ shot from

data by
shot 300 to the end of the file

AREA: EW9910

<
»

LINE: EW9910 Line ODP11

f,
Add Delete
Disk Data Input <- 11
Trace Display

Execute

ProMAX 2D. Version 2003.12.1 © Landmark Graphics Corporation 1989-2004. All rights Reserved.

MID_: D00\

localhost
Pro}dAX 2D Pr

Data Input / Outpul

Disk Data Input

Read data from other lines/surveys?
Select dataset

Propagate input file history

Trace read option

Interactive Data Access?

Select primary trace header entry
Select secondary trace header entry
Sort order list for dataset
Presort in memory or on disk?

Read the data multiple times?

Process trace headers only?

Override input data‘'s sample interval?

Yes HNo

11 shots w/geom

Yes MNo

Sort

Yes HNo

Source index number

Ho trace header entry selected
300-9999(10)/

Hemory

Yes Ho

Yes Ho

Yes Ho

Synthetics for Lin. V(X,Z)
Dataset Herge*

Tape Copy*

i\ h O




Anatomy of ProMAX

Clicking on the data file with the left-hand mouse button
(LHMB) will take you to a list of data files. Click on with
the middle mouse. The details of the data file are now displayed

ProMAX 2D Version 2003.12.1 © Landmark Graphics Corporation 19892004, All rights Reserved. MID : 000c29630ch0 [=)[=][x]
AREA: EH9910 Dataset Information

[ LINE: EW9910 Line ODP11 Dataset Name.............. 11 Shots w/geom

e DATASETS

B Delete add Rename Copy Listing Size in KBytes............ 365824
................... Thu Hay 22 20:22:49 2008
Last Changed.............. Thu HMay 22 20:36:27 2008

MHedia UNIX Name Last:BocesSs i wivadins Thu HMay 22 22:04:34 2008

[v]

3 s DALRTYPE . oore s anmaeiaray e Hormal unstacked data
11 Migration 30038924 promax Data DOMALI: o seis-vssesirovasizamarase Hormal time-space domain
11 stack 03831758 promax Primary Sort Key.......... Field file ID number
supergather 86276847 promax Secondary Sort Key........ Recording channel number

11 shots 03727165 promax

11 shots w/geom 79711201 promax Humber of ensembles.......

Total Humber of Traces....
Samples/Trace.............
Sample Rate. ... cweei i s 2.000000

Length of trace header.... 236

Geometry matches database
Trace numbers match database

We can now see how many traces there are in the file, the sample rate (in
milliseconds), how many samples there are per-trace, the minimum and
maximum CDP, and the minimum and maximum shot ( ). Moving your
cursor to the top of the screen will take you back to the flow



Anatomy of ProMAX

Clicking on the data file with the left-hand mouse button
(LHMB) will take you to a list of data files. Click on with
the middle mouse. The details of the data file are now displayed
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DiSpIQYing o Sho-r Direct ray path

- sound travels
Clicking on Execute with the LHMB directly from
D - the airgun array
to the
hydrophones -
forms a straight
line

lracerfiiplay.exe

Reflected ray
path - sound
bounces of the
seafloor and
underlying layers
- forms a
hyperbola

Time (ms)

Water column noise

\
W\\\‘\s




Water Velocity

Clicking on the zoom icon. By holding down the LHMB and dragging a box,
zoon into the area where we see the direct wave. The gradient of the direct
wave gives us the water velocity. Click on the gradient icon. By holding down
the LHMB, drag a line that follows the first arrival of the direct wave. The
corresponding velocity will be displayed at the bottom of the screen

File View Animation Picking FirstBreakPicker He

LI [SOURCE
[«

Which channel is
nearest to the ship?

View Animation Picking FirstBreakPicker
[SOURCE

Time (ms)

Time (ms)
Time (ms)

Zoom icon
Gradient
icon

Left offset =-1226, Right offset = -76, Velocity = -1525 mis Amplitude = 039957 Time =780 ms CHAN =2 SIN = 300
MB1: Anchor vector, MB2: Hyperba, Shift-MB2: Mark Hyperbola vertex, MB3: Label, Ctri-MB3: Clear



Near-Trace Plot

When we are collecting data we want to see it as quickly as possible - one
way of doing this is by displaying a near-trace plot. This is simply a display of
the channel nearest to the ship for each shot. This will give us the first
glimpse of what we are looking at in terms of geology. Go back to the list of

processes and click on 02 - Near Trace Plot. Execute the flow.
traceDisplay.exe [=Ex)

File View Animation Picking FirstBreakPicker

| | | | | | | | | | | | | |

Seafloor

Graben
bounding faults

Basement

Multiple

Amplitude = 5.44688 Time = 7722 ms CHAN =48 SIN =461



Near-Trace Plot

Go back to the flow and uncomment
by clicking on it with the right-hand mouse button (RHMB). This will
add gain to the section, enhancing the deeper reflectors

| [ i traceDisplay.exe % BB, - = *

Help

45|J1 526 | | 631 ¢ ] i 77 8(|)6 8‘|l1

©
Graphics Corporation 1989-2004. All rights
Reserved. MID : 000c29630ch0



Power Spectrum

Go back the list of flows. Click on the flow and execute
it. This flow is setup to show the frequency content of every 10™ shot. We
use a plot like this fo determine characterize the range of frequencies in
data, and possibly identify noise

Click on
the arrow
to go to
the next
shot

Sho’r ga‘rher'

1000 —%
2000 —z
3000 —E
4000 —g
5000 —§
6000 —E
7000 —g
8000 —%

240—

gcm - requency content by
channel

s sz ooz
LA T AT S




Filtering

We can use a bandpass filter o remove frequencies below and above a
certain range. We are now going to test some filter parameters using the
process

(]

The filter defined in

.Illllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll. .
1 L0 EWYT0 Line DTl will remove all
I R R T R we—

T Ty frequencies below 6 Hz and

Disk Data Input <- 11 Shots w/geom

Eor Test above 80 Hz. All frequencies

Bandpass Filter Enter parameter VALUES 6-10-70-80

Trace grouping to reproduce Ensembles : . : be_‘_ween 10 and 70 Hz Wi“ be
kept. A ramp is applied to
intermediate values

ProMAX 2D_ Version 2003.12.1 © Landmark Graphics Corporation 1989:2004.

Trace Display

[+] ProMAX 2D, Version 2003.12.1 © Landmark Graphics Corp n 1989-2004. All rights Reserv:

e e The number next to

] LINE.‘ E.'H9910 LGe ODPII

filter values indicates that the

Execule Viow Disk Data Input
DlSk Data Input <- 11 Shots w/geom

i L _ Disk sis Bt actual filter value comes from
Bandpass Filter

Trace Display TYPE of filter Single Filter The pr‘ocess

Type of filter specification Omsby bandpass
PHASE of filter Zero

Domain for filter application Frequency
Percent zero padding for FFT's 25.

Apply a notch filter? Yes Ho
Ormsby filter frequency wvalues 99999

Re-apply trace mute after filter? : Exacu-re The flow
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Removing NMO

The reason for having so many (24 in this case) traces in a CMP is so that we
can stack (sum) the traces for a given CMP.

*Noise cancels out

*Real signal (geology) is amplified

*Signal to noise ratio increase
*First we must remove Normal Moveout (NMO) - the difference in travel
time that is the result of varying ray path lengths

From Yilmaz, 1989

FIG. 3-6. NMO correction [equation (3.2)] involves mapping
nonzero-offset traveltime #(x) onto zero-offset traveltime
1(0). (a) Before and (b) after NMO correction.

From Kearey, Brooks, and Hill, 2002

X [e) +X X

Fig. 4.2 (a) Section throu single horizontal layer showing the

geometry of reflected r: s and (b) time—distance curve for
reflected rays from a horizontal reflector. AT'= normal moveout
(NMO).




Removing NMO in Practice -
Velocity Analysis

Half - Offset (km) Velocity (km/s) it — Gt o) ko ) No Wadays vel oC |Ty ana IYS IS IS

0 0.2 04 06

ii'"“"“:;'r;;ﬂlmml| i i e et e carried out using semblance
fh ‘

ﬂﬁiillmlllllllllllnﬁl

o m
0.5 - II mﬂ:ﬂll

plots - these show how well
the data stacks (i.e. a
reflector is coherent across
a stack after NMO is
applied) for a given two-way
travel time and velocity

= |
Al IIIIIII“I“

FIG. 3-28. Mapping the offset axis to the velocity axis. Each FIG. 3-29. Mapping the offset axis to the velocity axis. Each
trace in the [v, T = #(0)] gather (b) is a stack of the traces in trace in the [v, T = 7(0)] gather (b) is a stack of the traces in
the CMP gather (a) using a constant velocity NMO correc- the CMP gather (a) using a constant velocity NMO correc-
tion. tion.

From Yilmaz, 1989

NMO has been Go back to the list in ProMAX

removed and select =
correctly and click on

the reflector is B

| a»£4: 89910

now Co her‘enT — LINL‘ .E‘HQ910 Line ODP11

Editing Flow: 05 - Velocity Analysis
Add Delete Execute

Disk Data Input <- supergather
Bandpass Filter

Automatic Gain Control
Velocity Bnalysis <= Stacking Velocities

FIG. 3-6. NMO correction [equation involves ma
n()nzel'u-offset traveltime #(x) onto o-offset trav eltlme
#(0). (a) Before and (b) after NMO ¢ ction.




Velocity Analysis

Velocity Analysis : Stacking Velocities, CDP 1400

View Semblance Gather Stacks Help

Yelocity {(n/s) Offset (n) Dyn
15?0 2000 25?0 30?0 | ! 600 8?0 10?0 12?0 14?0
1 1

Click on the zoom icon
and zoom into this
area

il

—
i

5
ﬁ’i
Ll

Dynamic stack

e
S

NN A N N I NN N I N N A N N N N

Tine {ns)

Time = -403,9 : Velocity = 2526,7 : VelFurk# = 11,50 : IntVel =
MBL = add HB2 = delete HME3 = move

ButtonUp inside = add/delete/move ButtonUp oufside = cancel

Semblance plot CMP



Velocity Analysis

Click on _
2 Velocity Analysis : _Stacking Velocities, CDP._1400 [=1=]0x])
The piCk o e SR B S Yelocity (n/s) Offset (n) n
icon to e o i NMO
pick C—— T
V€|0CITy/TI E: ::::— (2‘ =2 =1 Add
me point ) I, = § I velocity/time
on the N — " i - ' . oints to the
T - . Eﬁﬁﬁﬁ%%?&%ﬁ%ﬁ’ ol iy P
Ml ?i%’?ﬁi@; Bl semblance plot
plot U \ie— ’ 335‘ s H such that the
jﬂ;%ggg? 5«}51553‘ H NMO is removed
Click on § i for the major
_ 1; gl reflectors.
L ;%5% i =il
o e —— E%‘Sﬁé > f’;;; Zoom in and out

see NMO ({FZ‘.’ - [ eIl as necessary

pplied as - “gféh g;gg; "%E“%?‘asz% I
applied a e [ e :
you pick  — éizigimzsﬁsﬁﬁw, EARE) Do not pick the

multiple

~+Save your picks



Stacking

Go back to the list of flows.

Click on

*This flow uses your velocity picks and other that were picked earlier to
stack the data

*The traces in each CMP are summed to form one trace

Removes some
residual noise

ProMAX 2D, Version 2003.12.1 © Landmark Graphir<

]

| LINE: EN9910 Lineoppi: = and Splkes
| Fditing Flow: 06 - Stack

Disk Data Input <- 11 Shots w/ges Applles a .

Spike & No%se Burst Edi bandpass fll-‘-ern

Bandpass Filter

Hormal HMoveout Correction <= Stacking Velocities 1-0 The da-"a

Trace Muting <= Pre-stack top

Trace Muting <= pre-stack bottom

CDP/Ensemble Stack .

Disk Data Output -> 11 Stack : Applles The NMO
correction using
the picked
velocities

Traces in each

CMP are stacked Trace mutes to
remove stretched

traces and attenuate
multiple

Execute the flow - this will take some time.....



View Stack

Go back to the list of flows.
*Click on
‘Execute the flow
*You will see that the image is now much better than our original near trace
plot
*You can start to see stratigraphy
*However, the are lots of diffractions and reflectors are not in their
correct subsurface location - we need to migrate

@ raceDisplay.exe - =~ |

File View Animation Picking

3(?1 37‘3 “]1 SZJG 3({‘ 67‘6 75|1 BZ‘G 9?‘ 97|'S 10|51 11|23 12‘01 12I76 13‘51 14|26 15‘01 15|75 16‘51 17|26

Time (ms)

z
g
s
£
=

g
Lo bl

g

-
Lo

"

Click here to hide all windows and show the desktop.



From Kearey et al., 2002

Migration

In an un-migrated time section reflectors do not represent the true
subsurface geometry.

*See examples below...

£
=
©

5

a
7y
o

Reflector

surface

Record

Dipping / surface
reflectors 0

(A) a syncline on the seafloor is
imaged as a "bow-time section

(B) The addition of diffractions from
the end of reflectors results in a very
complex time section

(B) A dipping reflector is shallower in
a time section



Migration

Go back to the list of flows.
Click on

AREA: EH9910
| LINE: EW9910 Line ODP11
=W Editing Flow: 08 - Migration

Add Delete Execute m-ta Input / O
Disk Data Input <- 11 Stack Disk Data
Trace Length D?sk Data

Hemory Stolt F-K Miqx: | P L T S
D sk¥Datafoutputis>el Minimum CDP to migrate 1

Maximum CDP to migrate 1858

CDP interval (ft or meters) 12.5

Maximum frequency to migrate (in Hz) 55.

Get RMS velocities from database? Yes No

ProMAX 2D_ Version 2003.12.1 © Landmark Graphics Corporation 1989-

select velocity file Migration Velocity
Humber of traces to smooth velocity field over 0
Percent velocity scale factor 100.
Stolt stretch factor
Apply Stolt obliquity correction?

Change maximum memory usage?

Haximum memory reserved for migration (in
megabytes)

Change the default tapering?
Re-apply trace mutes?
Re-kill dead traces?

Execute the flow. This will take some time

When it has finished running, Click on
flow

Using a velocity model that was
made earlier we will migrate the
data

There are a number of ways of
migrating the data - all are
mathematically very complex....

Migration and execute the



View Migration

traceDisplay.exe é i ‘

View Animation Picking

601 676 | 82]6 9(])1 97|’6 10|S1 1‘l|26 12|01 12|76 13|51 l4|26 15|01 15|76 16|51 17I26 18|01

n
E
@
£
=

Time (ms)

*Why is this still not equivalent to a geological cross-section?



