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1.
INTRODUCTION

1.1
Survey Location

The 1999/2000 Tuna 3D reprocessing was obtained within the VIC/RL2 permit area in 1985.

1.2
Survey Size

The survey consisted of 200 sail lines of 48 fold 3D data totaling 3296.13 line kilometers.

(See Appendix A for detailed line information)

1.3
Acquisition

The data was recorded by GSI’s vessel the Eugene McDermott II in February 1985.  The vessel used a single source and single cable configuration. The cable consisted of 192 data channels with a group interval of 15m and a shot interval of 30m.

1.4
Processing Contractor, Processing Location and Start/Finish

All seismic processing was performed by Veritas DGC Australia in their Brisbane and Perth centres. Processing began on the 1st December 1999 was completed on the 15th May 2001.

1.5
Processing Objectives

To better image the target zone of the Top Latrobe along with the data directly beneath. As well as matching the newly processed data to the earlier data, adjoining the Tuna area.

1.7
Key Personnel - Contractor and Woodside

Contractor Personnel (Brisbane/Perth):

Amy Cheang
-
Processing Manager, responsible for accuracy and throughput

Fred Kroh
-
Processing Supervisor

Paul Phythian
-
Team leader 

Wayne Zanussi
-
Geophysicist

Esso Personnel:

Mike Williams
-
Senior Geophysicist

John Moore
-
Senior Geologist
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1.8
Processing Flow - Brief Summary

Processing Parameters:

· Transcription from SEG-D format

· Trace Edits / Despiking

· Recording Filter delay correction (-51.2ms)

· Source and Streamer Depth Corrections

· Build 3D Geometry

· Spherical divergence corrections (V2T)

· NMO (Apply – using velocities from previous processing)

· AGC 400ms (Apply)

· Shot domain FK filter with removable AGC (+/- 2083m/s; +/-7.2ms/Trace)

· AGC 400ms – (Reverse)

· NMO (Reverse – using velocities from previous processing)

· TAU-P Deconvolution – 48ms gap + 150ms Operator

· Adjacent Trace Sum

· Update 3D geometry (After Sum)

· Shot Scaling

· 3D Binning (15m x 37.5m Grid)

· FLOOD

· Kirchhoff DMO

· 3D MOVES (Using constant velocity function)

· NMO (Using previous 3D velocities)

· Mute

· Stack (Nominal Fold = 48)

· De-Migration

· Post Stack Kirchhoff Migration (105% Velocity)

· Quadrature Phase Filter

· Time Variant Filter

· Time Variant Scaling

· Display

2.
ACQUISITION  SUMMARY

The following is the list of seismic data acquisition parameters for the 1999/2000 Tuna 3D Seismic Data Reprocessing contract.

Contractor
:
GSI

Vessel
:
M/V Eugene McDermott II

Date
:
February 1985

Energy Source:

Source
:
Air Gun

Gun depth
:
7 m

Volume
:
4075 cu. In

Pressure
:
2000 psi

Shotpoint interval
:
30 m

Receiving Arrangement:
Near trace offset
:
187 m

Number of groups
:
192

Group interval
:
15 m

Streamer depth
:
13 m

Streamer length
:
2880 m

Instrumentation:
Recording format
:
SEG-D 8015

Record length
:
4 seconds

Recording fold
:
48

Sample interval
:
4 ms

Recording filter
:
low cut
8 Hz -
18 dB/Oct


:
high cut
128 Hz -
72 dB/Oct

3.
PROCESSING  SUMMARY

3.1
PROCESSING FLOW CHART

REFORMAT

(
TRACE EDITS / DESPIKING

(
RECORDING FILTER DELAY CORRECTION

(
SOURCE and STREAMER DEPTH CORRECTION

(
BUILD 3D GEOMETRY

(
SPHERICAL DIVERGENCE CORRECTION

(
NMO / AGC FORWARD

(
SHOT FK FILTERING

(
NMO / AGC REVERSE

(
TAU-P DECONVOLUTION

(
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UPDATE 3D GEOMETRY
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SHOT SCALING
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( 

3D BINNING / FLOOD

( 

KIRCHHOFF DMO

(
3D MOVES / VELOCITY ANALYSIS

( 

NMO / MUTE / STACK

(
DE-MIGRATION

(
POST STACK KIRCHHOFF MIGRATION

(
QUADRATURE PHASE FILTER

(
TIME VARIANT FILTER

(
TIME VARIANT SCALING

( 

DISPLAY


4.
PERSONNEL  AND  EQUIPMENT

4.1
GEOPHYSICAL STAFFING AND ORGANISATION

Amy Cheang was the overall supervisor for this project. As Processing Manager she was responsible for technical accuracy and throughput.  Paul Phythian, the Team Leader, was responsible for project organisation and QC. While Wayne Zanussi was responsible for all day to day processing issues.












4.2
COMPUTER HARDWARE DESCRIPTION

HARDWARE INVENTORY FOR PERTH PROCESSING CENTRE

HEWLETT PACKARD N CLASS

PROCESSORS
:
8 PA-RISC 8500 cpu’s

REAL MEMORY
:
16 Gigabytes

DISKS


:
2.4 Tbytes of Raid-5 disk arrays



TAPES

:
8 IBM Magstar 3590 cartridge drives (shared)

HEWLETT PACKARD KITTYHAWK K460

PROCESSORS
:
4 PA-RISC 8000 cpu’s

REAL MEMORY
:
4 Gigabytes

DISKS
 

:
790 Gigabytes of Fast/Wide SCSI Disk RAID  5 

TAPES

:
4 IBM Magstar 3590 cartridge drives (2 shared)

1 x 3480 / 3490/E cartridge drives

HEWLETT PACKARD KITTYHAWK K460
PROCESSORS
:
4 PA-RISC 8000 cpu’s

REAL MEMORY
:
2 Gigabytes

DISKS


:
420 Gigabytes of Fast/Wide SCSI Disk RAID 5

TAPES

:
4 IBM Magstar 3590 cartridge drives ( 2 shared)





1 X 3480 / 3490/E cartridge drives

HEWLETT PACKARD KITTYHAWK K160
PROCESSORS
:
1 PA-RISC 8000 cpu

REAL MEMORY
:
512 Megabytes

DISKS


:
160 Gigabytes of Fast/Wide SCSI Disk RAID  5 

TAPES

:
Dual ported to Magstar 3590 drives





1 x Exabyte 8200/8500

PERIPHERALS
PLOTTERS

:
Xerox 8830 36” Laser plotter

:
OYO GS-636-2 36” thermal plotter

:
OYO GS-6X42 thermal film plotter

:
HP750C Design Jet Plotter with SDI-HP Jet server plot software

:
2 X Combination PC-SDI “R90” plotting engine

PRINTERS

:
HP 4M+ and HP 5si laser printers

:
TEKTRONIC Phaser 350

:
Various printers for labels and job sheets

TAPES

:
6 Exabytes CTS 8510 2.3/5 Gigabytes of data storage

WORKSTATIONS

(
5 x Hewlett Packard 9000 series 712/60 graphic workstations with 64 Megabytes of memory, 2 Gigabytes local disk

(
1 Hewlett Packard 9000 series 712/60 dual head graphics workstations with 128 Megabytes of memory, 5 Gigabytes local disk 

(
4 x Hewlett Packard 9000 series 735 workstation with 400 Megabytes of memory and  4 Gbyte of disk storage

(
1 x HP B-160 dual headed workstation with 256 Mb memory and 4 Gbyte of external disk storage

(
3 HP C-180 dual-headed workstations with 1 Gigabyte of memory and 46 Gigabytes of external disk space

(
1 x HP C-360 dual headed workstation with 2 Gb of memory and 180 Gb of external Raid-5 disk storage arrays

(
3 x Gateway GL-266 computers with 64 Mb of memory 4 Gigabytes disk space 

(
2 x  Hewlett Packard  C3235A    X-Terminals

(
1 x Dell Poweredge  server with 128Mb of memory and 8Gb of raid-5 arrays

(
2 x Dell 400 Workstation PI 300 with 64 Mb of memory and 6 Gb of disk space

(
2 x Dell dimension XPS T450 workstations with 128Mb of memory and 6 Gb of disk space

(
3 x Dell workstations with 128 Megabytes of memory and 6 Gigabytes disk space

(
7 x Dell Pentium/Pentium Pro P.C.’s with X emulation

(
4 x HP Kayak  XA6/400 with 128 Megabytes of memory and 4 Gigabytes of disk space

(
2 x HP Kayak XA6/400 dual headed with 128 Mb of memory and 4 Gb of disk space

(
3 x HP Vectra VL8PII/400 with 128Mb of memory and 6 Gb of disk space

(
4 x Dell Inspiron laptops with 80 Megabytes of memory and 6 


Gigabytes of disk space

POWER SYSTEMS
U.P.S.


:
HP main cabinets contain individual UPS units with 1.8 and





3 KVA capacities





Liebert 7200  60 KVA computer room system with 20 minutes





battery autonomy of full load

HARDWARE INVENTORY FOR SINGAPORE PROCESSING CENTRE.

NEC SX4 8/16A SUPER COMPUTER

PROCESSORS
:
8 CPU’S

REAL MEMORY
:
16 Gbyte

DISKS
:
3.6 Tbyte 

TAPE SYSTEMS
:
4 x 3590 tape drives.

5.
PROJECT  MANAGEMENT

5.1
PROJECT PLAN

The Tuna 3D 1999/2000 seismic reprocessing had a planned starting date of 30th of November 1999 and a planned completion date 31st of March 2000. This plan was based on running MOVES processing at 51 fold. After testing MOVES versus PSTM it was decided that we would run MOVES processing on the 48 fold Binned / FLOOD gathers.

5.2
REPORTING PROCEDURES

Both formal and informal project meetings were held frequently, at least weekly with the Processing Group and Project Supervisors. Spreadsheets were updated weekly and provided an accurate, simple check of current throughput.

These spreadsheets along with an ongoing Test Listing, “Processing Flow to Date” and “Changes to Processing Requirements” were included in a status report that was transmitted to ESSO via E-mail every Friday. 

6.
TESTING

6.1
PROCESSES TESTED

Pre STACK TESTING

F-K Filter Tests

Lines:
G84AT-629
Stacks

Whole Line



Shotrecords
SP: 139 and 444

Input:
Reformatted/Spherical Divergence Records (with a gain of 3dB/Sec from 0-3secs)

· No F-K / No DBS

· No F-K / DBS

· F-K 1750m/s / DBS

· F-K 2000m/s / DBS

· F-K 2500m/s / DBS

· F-K 3000m/s / DBS

· F-K 1750m/s under NMO / DBS

· F-K 2000m/s under NMO / DBS

· F-K 2500m/s under NMO / DBS

· F-K 3000m/s under NMO / DBS

DBS used was 2 x (300ms + 36ms gap) Single trace autocorrelation

From these tests the +/- 2083 m/s cut, 7.2ms/Trace DIPS with NMO wrap was selected. 

F-K Filter Tests 2 

Lines:
G84AT-629
Shotrecords
SP: 400 and 600

Input:
Reformatted/Resampled/Spherical Divergence Records


(Sph. div.: V2T)

· NMO apply / FK filter +/-7.2ms/Trace / ATS / NMO reverse

· FK filter +/-7.2ms/Trace / NMO apply / ATS / NMO reverse

· NMO apply / ATS / NMO reverse

DBS Tests

Lines:
G84AT-629
Stacks

Whole line

Input:
Reformatted/Resampled/Spherical Divergence Records


(Sph. div.: V2T)

· No DBS

· DBS: 5 Trace Average, 2 x (300ms + 36ms gap)

DBS Tests (cont’d)

· DBS: 5 Trace Average, 2 x (300ms + 42ms gap)

· DBS: 5 Trace Average, 2 x (300ms + 48ms gap)

· DBS: 5 Trace Average, 2 x (300ms + 48ms gap), Alternative gates

· DBS: Trace by Trace, 2 x (300ms + 48ms gap)

· DBS: 5 Trace Average, 2 x (150ms + 36ms gap)

· DBS: 5 Trace Average, 2 x (150ms + 42ms gap)

· DBS: 5 Trace Average, 2 x (150ms + 48ms gap)

· Tau-P DBS (150ms + 48ms gap)

· Tau-P DBS (300ms + 48ms gap)

· WEMA / No DBS

· WEMA / DBS: 5 Trace Average, 2 x (150ms + 48ms gap)

· WEMA / Tau-P DBS (150ms + 48ms gap)

From these tests it was decided that DBS would be run prior to 3D binning and FLOOD.

DBS / PMULT / PSTM Testing

Lines:
G84AT-629
Stacks

Whole line

Input:
Reformatted/Resampled/Spherical Divergence Records
(Sph. div.: V2T)

· ATS / Stack

· Tau-P Decon / ATS / Stack

· Tau-P Decon / ATS / 4:1 Interpolation in CDP / PMULT / Drop Int. Traces / Stack

· ATS / PSTM / Stack

· Tau-P Decon / ATS / PSTM / Stack

· ATS / PSTM / Tau-P Decon / Stack

· ATS / PSTM / 4:1 Interpolation in CDP / PMULT / Drop Int. Traces / Tau-P Decon / Stack

· Tau-P Decon / ATS / 4:1 Interpolation in CDP / PMULT / Drop Int. Traces / PSTM / Stack

· Tau-P Decon / ATS / PSTM / 4:1 Interpolation in CDP / PMULT / Drop Int. Traces / Stack

Binning and FLOOD Tests
Subline:
620
Stack

Whole line

Input:
Reformatted/Resampled/Spherical Divergence / Shot FK Records

· Offload Model binned at 15m x 37.5m (Every odd crossline displayed)

· FLOOD Model at 15m x 37.5m (Every odd crossline displayed)

PSTM Testing
Subline:
1821
Stack

Whole line

Input:
Reformatted/Resampled/Spherical Divergence / Shot FK Records

· Original Processing

· PSTM Processing (37.5m line spacing)

Interpolation Tests
Subline:
1820
Stack

Whole line

Input:
Reformatted/Resampled/Spherical Divergence / Shot FK Records

· 2D Migration at 37.5m interval

· 2D Migration at 37.5m interval / Subline Interpolation 18.75m

· Subline Interpolation to 18.75m / 2D Migration at 18.75m interval

· Subline Interpolation to 18.75m / 2D Migration at 18.75m interval / Discard Int. Traces

Migration Percentage Tests
Subline:
5500
Stacks

Whole line

Crossline:
1820
Stacks

Whole line

Input:
Final Stack data

· 2D Migration (90% velocities)

· 2D Migration (95% velocities)

· 2D Migration (100% velocities)

· 2D Migration (105% velocities)

· 2D Migration (110% velocities)

Filter Tests 

Subline:
5500
Stacks

Whole line
Input:
Post Stack Migration

· No Filter

· 10/12 – 95/72 Hz/dB/Octave (Filter at time = 0ms in previous processing)

· 8/12 – 80/36 Hz/dB/Octave (Filter at time = 1300ms in previous processing)

· 6/12 – 60/36 Hz/dB/Octave (Filter at time = 2100ms in previous processing)

· 6/12 – 40/36 Hz/dB/Octave (Filter at time = 3000-6000ms in previous processing)

· Time variant filter from previous processing (Combination of panels 2, 3, 5 & 5)

Filter Tests 2 

Subline:
5500
Stacks

Whole line

Input:
Post Stack Migration

· No Filter

· Out – 5/12 Hz/dB/Octave

· 5/12 – 10/12 Hz/dB/Octave

· 7.5/12 – 15/12 Hz/dB/Octave

· 10/12 – 20/12 Hz/dB/Octave

· 12.5/12 – 25/18 Hz/dB/Octave

· 15/12 – 30/18 Hz/dB/Octave

· 20/18 – 40/36 Hz/dB/Octave

· 25/18 – 50/36 Hz/dB/Octave

· 30/36 – 60/36 Hz/dB/Octave

· 40/36 – 80/36 Hz/dB/Octave

· 50/36 – 100/72 Hz/dB/Octave

· 60/36 – Out Hz/dB/Octave

· 70/36 – Out Hz/dB/Octave

· 780/36 – Out Hz/dB/Octave

Scaling Tests
Subline:
5500
Stacks

Whole line

Input:
Post Stack Migration

· No Scaling

· AGC 1000msec

· 2 Gate AGC (Small Gate: 200msec; Large Gate: 1000msec)

· Multigate Balance

· Time variant dB Scaling

· Time variant dB Scaling (used in previous processing)

7.
PRODUCTION  PROCESSING

7.1
COMPREHENSIVE PROCESS AND PARAMETER DESCRIPTION

1) Transcription
The field data were converted to Veritas DGC’s internal trace sequential format (TANGO). The input data was in SEG-D format and was 4.0 s in length with a sample rate of 4.0 ms.

2) Trace Edits / Despiking
All trace edits were done as per the observers logs. Depiking was done on single offset planes to remove anomalous samples.

3) Recording Filter Delay Correction
The data had a –51.2ms correction applied to compensate for the recording delay.

4) Gun and Cable Depth Corrections
A gun and cable depth correction of 13.33ms was applied to the data.

(Source depth = 7m, Cable depth = 13m and Water velocity = 1500m/s)
5) Build 3D Geometry
Using the paper documentation and observers logs, rebuild the shooting geometry and place values in the headers.

6) True Amplitude Recovery

Spherical Divergence correction S = V2T where V represents the velocities from the previous processing which were picked on a 500m by 500m grid.

7) Shot Domain Velocity Filtering

Prior to velocity filtering, a 400ms removeable AGC and NMO (using the velocities form the previous processing) was applied.


Pass range:
-2083 m/s
+2083 m/s


Dips
-7.20 ms/trace
+7.20 ms/trace


50% cosine tapering was used in the application of the velocity filtering.

6) Tau-P Deconvolution
Deconvolution was run in the Tau-P domain on a trace by trace basis using a total operator length of 198ms and a gap of 48ms.

7) Adjacent Trace Sum
Adjacent traces were summed together with the resultant trace being positioned midway between the two contributing traces.

Trace Interval before Sum
Trace Interval after Sum

15 m
30 m

8) Update 3D Geometry
The 3D geometry was defined using bin definitions of 15m x 37.5m.




For the 3D processing the data was rotated at an angle of 62.75005 degrees giving a subline range of 5010 to 6760 and a crossline range of 1001 to 2100.

9) Shot Scaling
Shot Scaling was applied (AMPCORSR) on a shotrecord by shotrecord basis only (No channel scaling was applied).

10) 3D Binning
Data was binned to a 15m by 37.5m grid.

11) Fold Levelling for Optimised Offset Distribution (FLOOD)
As a replacement to flexible binning FLOOD was used to compensate for fold irregularities due to shooting. FLOOD fully recognises the irregularly distributed positions of traces and the dip of the data. It is a pre-stack interpolation algorithm that resamples the data from its original irregular positions to a regular grid of traces whose mid points lie at bin centres.

12) 3D Kirchhoff DMO

DMO was performed using a Kirchhoff algorithm.  The aim of DMO, or partial migration before stack, is to convert all the data recorded at non-zero offsets to appear as if it were recorded at zero offset.  The 3D Kirchhoff DMO was performed in common offset domain using the same offsets after the FLOOD process.  An application of anti-alias filters and dip limiting the DMO operator were used.  The following parameters were used for this project :

Dip limit in inline direction 

:
12.5 ms/trace

Dip limit in crossline direction
:
25.0 ms/trace

13) 3D MOVES (Using constant velocity function)

Apply the constant velocity function migration, on an offset by offset basis and use this data to pick the MOVES velocities.

Constant Velocity Function:

Time (ms)
Velocity (m/s)

100

200

300

400

500

600

700

1100

1200

1300

1400

1500

2300

4000
1504

1741

2012

2344

2596

2758

2860

2889

2987

3030

3101

3242

3889

5025

14) NMO Correction

Using final MOVES velocities picked by ESSO.

15) Outer Trace Mute

Offset (m)
Time (ms)

260

860

2285

3945
0

815

1650

2700

16) Common Midpoint Stack

Nominal fold: 48

17) De-Migration
De-migrate the stacked volume, using the constant velocity function used in the MOVES process.

18) Post Stack Kirchhoff Migration
The post stack Kirchhoff Migration was applied using a smoothed migration velocity of 105% of the final MOVES stacking velocities.

19) Quadrature Phase Filter

The following approach was adopted for the derivation of a statistical Quadrature-Phasing filter for the Tuna 3D survey.

· Average autocorrelations of 100 selected traces and over 400ms to 3200ms from the final migration cube was used to derive a geology independent wavelet. 

· From this, a zero phasing filter was derived and 

· Convolved with a –90 degree phase filter to give a quadrature phase filter.

20) Time Variant Filter

Time (ms)
Filter (Hz/dB/Octave)


0
10/12 – 95/72


1300
8/12 – 80/36

2100 6/12 – 60/36


3000
6/12 – 40/36


6000
6/12 – 40/36

21) Time Variant Scaling

An AGC of 1000ms was used to scale the final MOVES data. This gave the best match to the given previous processing.

8.
VELOCITY  ANALYSIS

8.1
SUMMARY OF VOLUME AND DISTRIBUTION

1st Pass Velocities

The 1st pass velocities used were the final stacking velocities derived from the 1984 Tuna 3D processing. These velocities were on a 510m x 525m grid (every 34 crosslines). There were a total of 774 velocity locations associated with the 1st pass velocities. These velocities were supplied by ESSO.

2nd Pass Velocities (MOVES)

The 2nd pass MOVES velocity analyses were again picked on a 510m x 525m grid. There were a total of 819 velocity locations associated with the 2nd pass velocity analysis. These velocities were then smoothed (2000m smoother – 5 point) and used in the 3D MOVES processing.

8.2
TYPE OF VELOCITY ANALYSIS AND PARAMETERS

The 1st Pass Velocities were taken from the previous processing, while the MOVES velocities were picked and QC’d by ESSO in Veritas’ Perth office using DIVANTOOL.

9.
QUALITY  CONTROL

9.1
PROCEDURES / METHODS

Quality control procedures were conducted at every phase of this processing project.  The following is a summary of the QC steps taken on a regular basis for each of the major processing phases.

· Display of raw near trace gathers produced at the completion of field tape processing.

· Raw shot displays every 100th shot produced at the completion of field tape processing.

· Initial Stack (V1) – Stacked with 1st pass velocities

· FLOOD Stack (V1) - Stacked with 1st pass velocities.

· Raw MOVES Stack (V2) – Stacked with 2nd pass MOVES velocities.

· Timeslices of the 1st, 2nd & 3rd pass velocities displayed using Petrosys. 

· QC Raw MOVES Stack

· Final Raw Stack Seg-Y QC

· QC Final Post Stack Migration (Filtered & Scaled)

· Raw Post Stack Migration Seg-Y QC

· Final Post Stack Migration Seg-Y QC

10.
CONCLUSIONS

10.1 CONCLUSIONS

Overall data quality was good with easily definable continuous horizons across all of the survey area. The Top Latrobe horizon and the associated faulting were well imaged showing sharp fault terminations with the underlying data very consistent and well defined. The shallow data (approx. 100 to 1500msec) was also very crisp and sharp, clearly displaying the geological events contained in this section of data. 

APPENDIX A - DELIVERABLE ITEMS

I. FIELD DATA LINE LIST

G84AT REPROCESSING : Line KMS

Line No
FSP
LSP
Line Kms

G84AT-501
1101
1639
16.17

G84AT-502
2101
2639
16.17

G84AT-503A
3101
3640
16.20

G84AT-504
4101
4640
16.20

G84AT-504A
4101
4640
16.20

G84AT-505
5101
5641
16.23

G84AT-506
6101
6641
16.23

G84AT-507
7101
7641
16.23

G84AT-508
8101
8643
16.29

G84AT-508B
8101
8641
16.23

G84AT-509A
9101
9641
16.23

G84AT-510
101
642
16.26

G84AT-511
1101
1643
16.29

G84AT-512
2101
2643
16.29

G84AT-513
3101
3643
16.29

G84AT-514
4101
4644
16.32

G84AT-515
5101
5644
16.32

G84AT-516
6101
6645
16.35

G84AT-517
7101
7645
16.35

G84AT-518
8101
8645
16.35

G84AT-519A
9101
9646
16.38

G84AT-520
101
646
16.38

G84AT-521
1101
1647
16.41

G84AT-521A
1101
1646
16.38

G84AT-522A
2101
2647
16.41

G84AT-523
3101
3647
16.41

G84AT-524
4101
4648
16.44

G84AT-525
5101
5648
16.44

G84AT-526
6101
6647
16.41

G84AT-527
7101
7648
16.44

G84AT-528
8101
8649
16.47

G84AT-529
9101
9649
16.47

G84AT-530
101
649
16.47

G84AT-531
1101
1650
16.50

G84AT-532B
2101
2650
16.50

G84AT-533
3101
3651
16.53

G84AT-534
4101
4651
16.53

G84AT-535
5101
5651
16.53

G84AT-536
6101
6651
16.53

G84AT-537
7101
7652
16.56

G84AT-538
8101
8653
16.59

G84AT-539
9101
9653
16.59

G84AT-540A
101
653
16.59

G84AT-541
1101
1654
16.62

G84AT-542A
2101
2654
16.62

G84AT-543
3101
3655
16.65

G84AT-544
4101
4655
16.65

G84AT-545
5101
5655
16.65

G84AT-546
6101
6655
16.65

G84AT-547
7101
7656
16.68

G84AT-548
8101
8656
16.68

G84AT-549B
9101
9657
16.71

G84AT-550B
101
657
16.71

G84AT-551
1101
1657
16.71

G84AT-552
2101
2658
16.74

G84AT-553
3101
3658
16.74

G84AT-554
4101
4659
16.77

G84AT-555
5101
5659
16.77

G84AT-556B
6101
6659
16.77

G84AT-557
7101
7659
16.77

G84AT-558
8101
8660
16.80

G84AT-559
9101
9561
13.83

G84AT-560
101
661
16.83

G84AT-561
1101
1662
16.86

G84AT-562
2101
2662
16.86

G84AT-562A
2101
2661
16.83

G84AT-563
3101
3661
16.83

G84AT-564
4101
4662
16.86

G84AT-565
5101
5662
16.86

G84AT-566
6101
6663
16.89

G84AT-567
7101
7663
16.89

G84AT-568
8101
8665
16.95

G84AT-569
9101
9664
16.92

G84AT-570
101
664
16.92

G84AT-571A
1101
1665
16.95

G84AT-572
2101
2665
16.95

G84AT-573
3101
3665
16.95

G84AT-574
4101
4514
12.42

G84AT-574A
4515
4786
8.16

G84AT-575
5101
5667
17.01

G84AT-575B
5101
5666
16.98

G84AT-576B
6101
6667
17.01

G84AT-577
7101
7667
17.01

G84AT-578
8101
8667
17.01

G84AT-579
9101
9668
17.04

G84AT-580
101
668
17.04

G84AT-580A
101
668
17.04

G84AT-581
1101
1660
16.80

G84AT-581A
1101
1669
17.07

G84AT-582
2101
2516
12.48

G84AT-582A
2517
2775
7.77

G84AT-583
3101
3669
17.07

G84AT-584A
4101
4670
17.10

G84AT-585
5101
5670
17.10

G84AT-586
6101
6670
17.10

G84AT-587
7101
7670
17.10

G84AT-588
8101
8671
17.13

G84AT-589
9101
9671
17.13

G84AT-590
101
672
17.16

G84AT-591
1101
1673
17.19

G84AT-592
2101
2677
17.31

G84AT-593
3101
3673
17.19

G84AT-594
4101
4673
17.19

G84AT-595
5101
5674
17.22

G84AT-596
6101
6673
17.19

G84AT-597
7101
7675
17.25

G84AT-598
8101
8675
17.25

G84AT-598A
8101
8675
17.25

G84AT-599
9101
9675
17.25

G84AT-600
101
676
17.28

G84AT-601
1101
1676
17.28

G84AT-602
2101
2212
3.36

G84AT-602A
2213
2611
11.97

G84AT-603
3101
3497
11.91

G84AT-603A
3498
3611
3.42

G84AT-604
4101
4677
17.31

G84AT-605
5101
5677
17.31

G84AT-606
6101
6678
17.34

G84AT-607
7101
7678
17.34

G84AT-608
8101
8679
17.37

G84AT-609
9101
9678
17.34

G84AT-610
101
679
17.37

G84AT-611
1101
1680
17.40

G84AT-612
2101
2680
17.40

G84AT-612A
2101
2680
17.40

G84AT-613
3101
3681
17.43

G84AT-614
4101
4681
17.43

G84AT-615
5101
5681
17.43

G84AT-616B
6101
6682
17.46

G84AT-617
7101
7683
17.49

G84AT-618
8101
8682
17.46

G84AT-619
9101
9683
17.49

G84AT-619B
9101
9683
17.49

G84AT-620
101
684
17.52

G84AT-621
1101
1683
17.49

G84AT-622
2101
2684
17.52

G84AT-623A
3107
3684
17.34

G84AT-623B
3101
3684
17.52

G84AT-624
4101
4684
17.52

G84AT-625
5101
5685
17.55

G84AT-626
6101
6499
11.97

G84AT-626A
6519
6869
10.53

G84AT-627A
7101
7686
17.58

G84AT-628
8101
8686
17.58

G84AT-629
9101
9687
17.61

G84AT-629A
9101
9685
17.55

G84AT-630
101
686
17.58

G84AT-630A
101
686
17.58

G84AT-631B
1101
1687
17.61

G84AT-632B
2101
2688
17.64

G84AT-633A
3104
3268
4.95

G84AT-634
4101
4688
17.64

G84AT-635
5101
5688
17.64

G84AT-636
6101
6689
17.67

G84AT-637A
7101
7689
17.67

G84AT-637B
7101
7689
17.67

G84AT-638
8101
8571
14.13

G84AT-638A
8473
8689
6.51

G84AT-639
9101
9691
17.73

G84AT-640
101
690
17.70

G84AT-640B
101
690
17.70

G84AT-641
1101
1691
17.73

G84AT-642
2101
2691
17.73

G84AT-643
3101
3691
17.73

G84AT-644
4101
4692
17.76

G84AT-645
5101
5692
17.76

G84AT-646A
6101
6693
17.79

G84AT-647
7101
7693
17.79

G84AT-648
8101
8694
17.82

G84AT-649
9101
9693
17.79

G84AT-650
101
508
12.24

G84AT-650A
515
801
8.61

G84AT-651
1101
1694
17.82

G84AT-652
2101
2694
17.82

G84AT-653
3101
3695
17.85

G84AT-654
4101
4695
17.85

G84AT-655
5101
5696
17.88

G84AT-656
6101
6697
17.91

G84AT-657
7101
7696
17.88

G84AT-658
8101
8697
17.91

G84AT-659A
9101
9697
17.91

G84AT-660
101
697
17.91

G84AT-661
1101
1698
17.94

G84AT-662
2101
2698
17.94

G84AT-663
3101
3699
17.97

G84AT-664A
4101
4699
17.97

G84AT-665
5101
5699
17.97

G84AT-666
6101
6700
18.00

G84AT-667
7101
7700
18.00

G84AT-668
8101
8331
6.93

G84AT-668A
8101
8700
18.00

G84AT-669
9101
9701
18.03

G84AT-670
101
701
18.03

G84AT-671
1101
1702
18.06

G84AT-672
2101
2702
18.06

G84AT-673A
3101
3702
18.06

G84AT-674
4101
4703
18.09

G84AT-675
5101
5703
18.09

G84AT-676
6101
6703
18.09

G84AT-677B
7101
7706
18.18



KMS
3296.13

II. STACK DATA SEG-Y ARCHIVE TAPES

Stack Archive (EXABYTE)

Tape
Description


Format

RAW Stack
Final Unfiltered and Unscaled Stack (2 copies)
Seg-Y

RAW Migrations
Final Unfiltered and Unscaled 

Migrations (2 copies)
Seg-Y

Final Scaled Migrations
Final  Filtered and  Scaled Migrations (3 Copies)
Seg-Y





III. Final Velocities



File


Description
Format

Esso3dmvelsqc
Final stacking Veolcities
Western Format

Fvelqc_smint105.ws
Final Migration Velocities (time vs interval vels)
Western Format

IV. Processing Report

Report

CD


Description
Format

G84AT-REP
Processing report
PDF

APPENDIX B - DETAILS OF CRITICAL PROCESSES

I.
QUADRATURE PHASE  FILTER  

Filter Length
: 600ms, 
Time Zero : 300ms,
Sample interval : 4ms

Sample
VALUE

1
-0.00636938960

2
-0.00062623789

3
-0.00412122160

4
-0.00076693209

5
-0.00399790100

6
-0.00112039860

7
0.00401426900

8
-0.00525352410

9
0.00631472930

10
0.00991096070

11
0.00513834550

12
0.00803528070

13
0.04041741800

14
0.00945128970

15
0.04468589600

16
0.04956536700

17
0.04255021000

18
0.06359702300

19
0.09489648000

20
0.01998270300

21
0.11485688000

22
0.10243322000

23
0.04743931100

24
0.09674505900

25
0.13904324000

26
0.03838877000

27
0.16161460000

28
0.11332918000

29
0.08075898900

30
0.15081251000

31
0.12213705000

32
0.03226876600

33
0.19553487000

34
0.08052940700

35
0.00732051720

36
0.05363791100

37
0.02331704600

38
-0.10384575000

39
-0.12139580000

40
-0.24909805000

41
-0.28902063000

42
-0.33809227000

43
-0.37521732000

44
-0.51634169000

45
-0.55834317000

46
-0.35319811000

47
-0.33644611000

48
-0.52086705000

49
-0.52256954000

50
-0.76418149000

51
-0.98017263000

52
-0.56429201000

53
-0.60018611000

54
-0.90312296000

55
-0.89916056000

56
-0.72748989000

57
-0.77890337000

58
-0.70493585000

59
-0.58245701000

60
-0.07650964700

61
-0.50615680000

62
0.11831214000

63
1.23453120000

64
0.88511473000

65
0.66147208000

66
2.57034130000

67
2.31199550000

68
2.37569480000

69
0.18988270000

70
-2.95549510000

71
-2.65629360000

72
-2.99789880000

73
-2.45752790000

74
8.22328850000

75
-3.83611730000

76
-1.42597140000

77
0.14075305000

78
1.32356550000

79
-0.53442895000

80
-1.11056220000

81
0.49393818000

82
-0.32212785000

83
0.78412259000

84
-0.52558613000

85
-0.25821978000

86
0.32095048000

87
0.76093280000

88
-0.54651952000

89
0.11673931000

90
0.24457555000

91
0.56142193000

92
-0.16558234000

93
0.11079685000

94
-0.20183890000

95
-0.03746147800

96
-0.20719686000

97
0.41704127000

98
-0.10707624000

99
0.12229098000

100
0.01214851900

101
0.22603723000

102
-0.04509490000

103
0.34604755000

104
-0.06869787000

105
0.17951901000

106
0.01748122500

107
0.27922276000

108
-0.05571747600

109
0.18694562000

110
0.01528007100

111
0.23689829000

112
-0.08065772100

113
0.26347232000

114
-0.01931732900

115
0.14138255000

116
0.08538607500

117
0.27399471000

118
-0.07299777900

119
0.29425961000

120
0.06232009100

121
0.19101855000

122
0.09218611600

123
0.23320681000

124
-0.02131394500

125
0.27974355000

126
0.00614269590

127
0.13654263000

128
0.04908470800

129
0.17229508000

130
-0.05233167100

131
0.17706309000

132
-0.02021431400

133
0.12149861000

134
-0.01038292500

135
0.12370470000

136
-0.02384065800

137
0.14151748000

138
-0.02638543000

139
0.11398797000

140
-0.00877179480

141
0.11225869000

142
-0.01669226800

143
0.11643092000

144
-0.01117090400

145
0.10464029000

146
-0.00991866270

147
0.09984314400

148
-0.01056667000

149
0.09566125300

150
-0.00869086290

151
0.09151236000

APPENDIX C - TECHNOLOGY DESCRIPTIONS

TRANSCRIPTION AND RESAMPLE

The process of converting and/or demultiplexing the field data into Veritas DGC’s internal trace sequential format.  A minimum phase anti-alias filter is used to avoid temporal aliasing when resampling.  This filter has a simple high cut form.

TRUE AMPLITUDE RECOVERY

This is a correction for amplitude losses which are due to the spherical spreading of the wavefront.  Thus, as the amplitude of the recorded trace varies inversely with the radius of the advancing wavefront, each trace is multiplied by a function Velocity (V) and Time (T) (eg: V2T, VT, VT2), where V is the seismic wave velocity and T is the two-way time.  An additional exponential or linear gain correction may also be applied.

SHOT AND STREAMER DEPTH STATIC CORRECTIONS

Simple static corrections are made to compensate for the depths of the sources and receivers and shift the seismic data to a sea level datum.  These statics are usually so small that the point of application is not significant.

SHOT DOMAIN FK VELOCITY FILTER

FK velocity filtering can be applied as either a two-dimensional T-X convolution of in the FK domain.  The default attenuation at the specified dip value is 40 dB (for Cosine tapering).  Low frequencies are protected by the use of “chimney” (see diagram) starting at a default value of 8 Hz.



There are two options for the construction of the filters:

(a)
Cosine Tapering

A cosine shaped taper begins at a given percentage of the distance between K=0 and the Dip cut.  100% cosine tapers begin to taper at K=0 and, for example, 25% cosine tapers begin to taper at 75% of the distance from K=0 to the dip cut.  The default value for attenuation at the dip cut is -40 dB.

(b)
Cut / Slope Parameterisation  (The “Power” option)

Here the Dip Cut value is specifies and a dB/octave roll-off for the attenuation past that point.

WAVE EQUATION MULTIPLE ATTENUATION

WEMA uses the known water depths and the wave-equation to convert the recorded shot gather (or CDP gather) into an estimate of all the multiple energy that has at least one “bounce” within the water layer.

WEMA proceeds by subtracting this multiple estimate from the original gather using windowed, trace dependant cross-equalisation filters.

The process assumes a single constant water depth for each gather and is therefore mainly effective in areas without rapid water depth fluctuations.

SPIKING AND PREDICTIVE DECONVOLUTION

Veritas DGC’s implementation of spiking and predictive deconvolutions follow the conventional Weiner - Levinson theory.  Optimum minimum phase squared error filters are computed over a given design window for a given filter length.  Multiple filters can be computed and applied in a time variant manner.

There are options for standard single trace Deconvolution or filter computations using running averaged autocorrelations (averaging distance specified in metres), or also based on a whole shot averaged autocorrelation (ie. One Deconvolution filter per shot).

The aim of the spiking Deconvolution is to whiten the wavelet spectrum and increase resolution.  Predictive Deconvolution uses autocorrelations to predict and subtract features like multiple reflections.

Q COMPENSATION / ABSORPTION CORRECTIONS

Inelastic attenuation causes a frequency dependent energy loss during propagation.  These effects are removed using inverse Q filtering.  Veritas DGC’s QMOD module performs inverse Q filtering using Pareto-Levy stretch, as described in Brickel, S., 1993, Geophysics, Vol. 58, pages 1629 - 1633.

Options exist for amplitude and / or phase correction as well as for interval Q, effective Q or constant Q / T specification.  The Q modules can be tied to water bottom times.

SHOT / CHANNEL SCALING (AMPCORSR)

This process corrects for high frequency variations of the average shot amplitudes and channel amplitudes.  A window is chosen for the computation of amplitude values for every trace of every shot.  These amplitudes are then averaged for each shot to create a function of amplitude versus shotpoint which is then smoothed using a mean or median filter of a user supplied length (in shotpoints).  Shot scalars computed are defined by:

scalar = smoothed amplitude

raw amplitude

An equivalent process is conducted for average channel amplitudes, resulting in channel scalars.  The shot and channel scalars are applied to the data to remove high frequency variations of shot and channel amplitudes.  The scalars are also stored in the trace headers.

MULTIPLE ATTENUATION BASED ON MOVEOUT DIFFERENCES

For multiple attenuation based on Moveout difference between primary and multiple reflections, the critical step is to determine the primary and multiple velocities.  Usually the multiple velocity is specified as a time variant percentage of the primary velocities.

(a)
ZMULT
The CDP gather is Moveout corrected using the multiple velocity.  This forces primary energy to be over corrected and multiples to be either flattened or undercorrected.  The Moveout corrected gather is transformed to the FK domain where primaries will be in the negative K quadrant and multiples in the positive K quadrant.  The positive quadrant is then simply zeroed and the data is inverse transformed back to the T-X domain.  The original Moveout correction is then removed and CDP gathers with attenuated multiples is the result.

(b)
PMULT

PMULT decomposes the Moveout corrected CDP gather into parabolic Radon domain (ie, parabolic curvature versus zero offset time).  Parabolic curvature is specified in terms of differential Moveout (far offset time - near offset time).

A curvature range is specified for the transform and then a subset of this range is specified for either preservation or subtraction.  Usually, the multiple range is specified for subtraction.  In this mode the multiple range is inverse transformed to the T-X domain and subtracted from the original gather.

Other important parameters used in PMULT are the number of curvature samples (p traces) used in the transform and / or the maximum frequency used to automatically compute the number of p traces.

DIP MOVEOUT CORRECTION (DMO)

The aim of DMO is to convert all the data recorded at the non-zero offsets to appear as if it were recorded at zero offset.  Veritas DGC has two DMO algorithms, FK DMO (after Hale) and Kirchhoff DMO.  Both algorithms operate on common offset planes or volumes, and both have a time variant velocity option.  These algorithms can be applied in 2D of full 3D models.  The only user parameters of importance is the dip limit and the option of anti-aliasing filters in Kirchhoff DMO.

NMO CORRECTION

The NMO is performed assuming that the energy travels in a straight ray path and utilizes the following equation : 

TT =  ( (T02  +  X 2 / Vrms2)

where
TT =
Total recorded travel time in seconds
X =
Offset


T0 =
Time of reflector at zero offset in seconds
Vrms =
RMS velocity


Velocity-time knee points are honoured on adjacent control points prior to interpolation of the temporal velocity field. The space variant velocity function is then derived by linear interpolation between control points.

COMMON DEPTH POINT STACK

Stack is the summation of traces within each CDP producing a single stacked trace for each input gather record.  The stack is normalised and mute zone compensated to account for the smaller number of live traces in the mute zone and for uneven fold of coverage.  This recovery scaling is usually 1/n or 1/(n, where n is the number of live traces at that two - way time value.

ZERO OFFSET TIME MIGRATION

Veritas DGC has the following range of time migration algorithms:

STOLT or FK Migration

Very efficient but inaccurate in the presence of velocity variations.

PSPS (Phase Shift plus STOLT)

An extension of STOLT where the migration is performed in a series of constant velocity time strips,  A phase-shift is used to move to the bottom of each strip.  Stolt migration is used within each strip.  PSPS migration accurately copes with vertical variations but has no response to lateral velocity variations.

Kirchhoff  Migration

The conventional non-recursive Kirchhoff summation algorithm.  The migration is based on local RMS velocities and has a somewhat weak response for both temporal and spatial velocity variations.

FD Migration

Finite Difference migration is performed in the T-X domain using an approximate form of the wave equation.  This is a recursive migration that steps down through the data in small time steps.  It copes well with vertical velocity variations and lateral velocity variations (not too rapid) but is dip limited to 45o.  The dip limitation is due to the approximation of the wave equation.  The finite difference solution creates some noise through frequency dispersion.

Omega-X Migration

This is essentially the application of the FD migration in the frequency domain.  In this domain the solution is achieved more accurately.  There is less noise through frequency dispersion and a steeper dip response.

Phase Shift Migration

Phase-shift migration is a recursive FK domain migration that accurately migrates in the presence of vertical velocity variations.  It has no response to lateral velocity variations.  It is sometimes called Gazdag migration after its originator (see Gazdag, 1978).  Phase shift migration is often considered to be the best possible migration when no lateral velocity variations exist.

PSPI

Phase shift plus interpolation (PSPI) is Gazdag’s modification to Phase-shift migration so that it can cope with lateral velocity variations.  Each recursive time step is migrated (using the phase-shift algorithm) for a range of constant velocities and a variable velocity response is obtained by interpolation of these results.

When lateral velocity variations exist, PSPI migration is probably the best available time migration.

Explicit Migration

Explicit migration is a new algorithm (effectively an upgrade to omega-x migration) capable of migrating dips up to 70 degrees.  In testing, the steep dip response of this algorithm has been better that PSPI migration.  The essence of the explicit technique are the filters used to perform the downward continuation.  These filters are computed using the Parks - McClellan algorithm (also as the Remez algorithm).

TAU-P FILTER

This technique is based on a rolling Tau-p transform.  A number of traces around a centre trace are transformed to the Tau-p domain where coherent events are easily recognised.  A coherent event trace is created for each centre trace and these are weighted by adding back a percentage of the original trace.

The important parameters are the range of dips to be transformed, the dips increment within the transform (no p traces), the number of traces to use around each centre trace and the percentage addback of the original traces (can be time variant).

TIME VARIANT BAND PASS FILTER

These filters are usually defined by a low high frequency and a low and high rolloff slope in dB / Octave.

TRACE EQUALISATION

Options include:

scaling functions - exponential linear

whole trace balancing

windowed balance - allows for window overlap.  Arbitrary window sizes

AGC - Automatic Gain Control - can be referenced to top, centre or bottom of window

Time - variant AGC - window size can vary within time

Running true-amplitude balancing, (RUNTRAMP) - traces are balanced to a spatially smooth amplitude trend.
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Figure 1.1: Tuna 3D Velocity Line Map
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Figure 1.2: Tuna 3D Survey Location
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