1 SEISMIC EQUIPMENT - RECORDING SYSTEM AND STREAMERS

1.1 Recording System Parameters

Recording System
MSX System

System Version
Version 2.0 by Input / Output 

Record length
5.0 sec (5120 ms) Seq 001-002

4.5 sec (4608 ms) Seq 003-148

6.0 sec (6144 ms) Seq 149-152 - 2D lines




Tape Interface System
Continuous Recording System (CRS)

System Version
Version 3.0.1 by Western Geophysical 

Record length
5.0 sec (5120 ms) Seq 001-002 

4.5 sec (4608 ms) Seq 003-147

6.0 sec (6144 ms) Seq 148-152 - 2D lines

Multishot acquisition
Not used




Recorded data format
8058 SEG D – DMX

Trace polarity
positive pressure = negative number on tape = negative pulse on plot

Tape type
3M 3590

Tape drive type
IBM 8590




Sample rate
2 ms

Number of auxiliary channels
168

Low Cut Filter
2 Hz @ 12 dB/Octave

High Cut Filter
206 Hz @ 264 dB/Octave

1.2 Recording System Overview

Seismic data acquisition is controlled by the MSX recording system, which was developed to be a stand-alone system. Data is transmitted digitally from the streamers to the onboard MSX system where it is demultiplexed, filtered and output in SEG-D format.  External header information is passed to the MSX from the Spectra Integrated Navigation System via a serial link.

Instead of outputting the SEG-D data to tape, the MSX instead passes the data to the CRS (Continuous Recording System) which emulates the MSX tape drives.  The CRS combines high-speed data handling with a 72 GB RAID hard disk system allowing the SEG-D data received from the MSX system to be written to disk.  Once saved to disk the SEG-D data is output to one of the four tape drives attached to the CRS system.  When using the CRS, the tape writing process is no longer real-time and tape drive or media related problems can be fixed without interrupting acquisition.

1.3 The CRS Tape Interface System

1.3.1 CRS Overview and Features

As stated above, the primary purpose of the CRS is to de-couple the real-time acquisition from the tape writing process, in order to prevent tape drive or media related problems from halting acquisition.  The CRS also provides the following further features, designed to extend the capabilities of the seismic recording system:

· The CRS can record SSS gun data and signatures

· The CRS supports the retrieval of seismic data from remote boats using radio telemetry, and merge this data with the associated local shot before output to tape.

· The CRS is able to split incoming SEG-D datasets into multiple SEG-D files in order to reduce system overhead time and increase shooting speeds, or decrease shotpoint intervals.  For example, the MSX can be configured to record a long record with Spectra and SSS firing multiple shots within this time.  The resulting SEG-D file can then be split into shorter segments associated with each individual firing of the guns.  This is known as multishot acquisition.

· The CRS allows improved seismic QC system by passing the seismic data to SeisView, a real-time Omega Seismic Processing environment.

· The CRS interfaces directly with PDL for data logging and QC.

1.3.2 CRS Data Flow

The CRS is linked via SCSI to the MSX system, in order to emulate the MSX tape drives, and receive the SEG-D data.  The CRS is also linked to the Spectra Navigation System and the SSS Energy Source Synchroniser via a private ethernet network.  Spectra provides external header information, while the SSS provides the near field signatures and gun information.  During acquisition, the SEG-D data from the MSX Recording system is merged with the external header data from Spectra and the gun data from the SSS.  The data is identified using the Field Shot Identifier (FSID).  The data is then written to the RAID hard disk system, and from disk to tape.  A new SEG-D header is written to the data before it is output to tape with the reel and file number fields updated using the values from within the CRS.  New headers and gun data are also generated from the Spectra and SSS input when the CRS outputs extra SEG-D files in multishot mode.

1.4 The MSX Recording System

1.4.1 MSX Overview

The MSX is a marine 24-bit digital seismic data acquisition system that blends the use of 24-bit resolution data acquisition, fibre-optic telemetry, large channel capacity, and extended cables of up to 12,000m active length to provide exceptional data quality and recording features.

The data is decimated in each streamer module using digital anti-alias filters and transmitted serially to the shipboard recording system using high-speed fibre-optic digital telemetry. The MSX System has a superb bandwidth, anti-aliasing, and signal-to-noise performance, and can record up to 8000 channels in a SEG-D de-multiplexed seismic data format at a 2 or 4 millisecond sample rate or up to 4000 channels at a 1 millisecond sample rate. The MSX supports seismic data recording on IBM 3590 Cartridge tape drives.

The MSX Operator Interface Console (OIC), which consists of a SUN SPARC workstation, connected to the MSX VME chassis by means of an Ethernet network, performs extensive data logging functions. The OIC enables post-line analysis programs to access the seismic header information from each shotpoint as well as any error automatically logged by the system. Comments entered by the operator at selected shotpoints can also be stored in a real-time database in order to retain all the exceptions, detected either by the system or the operator. Other OIC functions include automated testing and production of observer logs, although this function is usually performed by PDL software.

1.5 Seismic Quality Control

1.5.1 Data Telemetry Quality Control and Diagnostic Procedures

The MSX has numerous built-in test features to ensure the operational integrity of the in-water and onboard electronic modules and telemetry link. The system transmits a digital test signal down the cable where each module captures the signal and performs a variety of diagnostic procedures.
The diagnostic procedures that can be performed by the MSX include:

· Test the digital link without the module or marine remote units in the circuit and then with each device included.

· Test the analogue path by sending a digital test pattern to the module where it is converted to a precision analogue signal by a digital to analogue converter, (DAC), with characteristics similar to that of the 24 bit ADC. The resulting signal is fed to the marine remote units with the hydrophones in or out of the circuit.

· Generate various signals, such as sine waves, impulses, dual frequency signals at dual levels or input an external signal.

1.5.2 Online Displays

Through the Enhanced Visualisation Processor (EVP), the MSX is able to produce online displays of the seismic data being acquired. The shot records may be plotted out through the OYOgs624 thermal plotter, or displayed on a monitor display with user defined scales, and filters.

The MSX OIC also has a colour-coded display showing the amplitude detected by each channel, together with an online display illustrating the status of each shotpoint.

The addition of the CRS allows the SeisView system to produce real time displays of both raw and processed data.  The full suite of Omega seismic processing tools can be used to tailor the displays for specific QC requirements, limited only by the data volume and computing speed.

1.5.3 Offline Quality Assurance

Through MIDAS (Marine Integrated Data Acquisition System), the MSX/CRS recording system is linked to the Omega Seismic Processing System, where several QC products are routinely produced.

All relevant shotpoint information generated by the CRS is passed onto the PDL database where this information is logged, and may be accessed directly via SQL plus, or the Oracle Browser TM. The data is also accessed via PDL reports, which generates observer logs, line and survey reports, based on information gained from all the recording room systems.

1.6 Recording System Discussion

The CRS is a new system recently deployed for field operations.  Unfortunately, teething problems have been experienced during this survey, which resulted in the use of the slower vessel speed single shot acquisition rather than the multi shot acquisition technique.

1.7 Streamer Parameters

Streamer Type
Thomson Marconi Sentry Solid Streamer - (24bit) 

Number of Cables
8 cables Seq 001-008 

6 cables Seq 009-148

1 cable  Seq 149-152 - 2D lines

Deployment System
Cross-Tag Configuration

Group Length
17.55 m

Group Interval
12.5 m - centre to centre

Streamer Length
4600 m

Streamer Depth 
6.0 m ( 1.0 m

Number of Channels
368 per cable

2944 total seismic, 112 auxiliary Seq 001-008

2208 total seismic, 104 auxiliary Seq 009-147

368 total seismic, 84 auxiliary Seq 148-152

Number of hydrophones per group
14 (group interval 12.5 m)

Number of groups per Module
16 (group interval 12.5 m)

Number of groups per section
8 (group interval 12.5 m)

Hydrophone type
Ceramic piezo-electric dish hydrophone

Data telemetry
Fibre optic




Trace numbering
From head of each cable

Number of Compasses
18 per cable

Number of Levellers
18 per cable

Leveller Type
DigiCOURSE Pro2K combined Compass / Bird

Streamer Positioning
DigiCOURSE, Digirange Acoustic nodes


DigiCOURSE Pro2K combined Compass / Bird


POSNET remote GPS targets on each tailbuoy

In-line cable offsets

(Vessel  to 1st  group)
640 m (8 Cable Acquisition) 

440 m (6 Cable Acquisition) 

195 m (1 Cable Acquisition - 2D)

In-line source offsets

(Vessel to centre of arrays)
490 m (8 Cable Acquisition) 

315 m (6 Cable Acquisition 

85 m (1 Cable Acquisition - 2D)

Near offset

(1st group to centre of arrays)
150 m (8 cable Acquisition) 

125 m (6 Cable Acquisition) 

110 m (1 Cable Acquisition - 2D)

Streamer separation
100.0 m 

500.0 m total for 6 Cable Acquisiton

700.0 m total for 8 Cable Acquisition

Source array separation
50.0 m

1.8 Channel Sets

The MSX system was configured with the following channel sets:

1.8.1 Eight Cable Acquisition - Seq 001 to 008

Channel set #1-8 (368 channels each)
Seismic Data

Channel set #9-16 (4 channels each)
Waterbreak channels

Channel set #17 (1 channel)
Recording system start

Channel set #18 (1 channel)
Combined Timebreak

Channel set #19-22 (1 channel each)
Array Timebreak

Channel set #23-31 (1 channel each)
Spare

Channel set #32 (1 channel)
Sample Count

Channel set #33 (64 channels at 512ms)
Near Field Gun Channels

1.8.2 Six Cable Acquisition - Seq 009 to 147 

Channel set #1-6 (368 channels each)
Seismic Data

Channel set #7-12 (4 channels each)
Waterbreak channels

Channel set #13 (1 channel)
Recording system start

Channel set #14 (1 channel)
Combined Timebreak

Channel set #15-18 (1 channel each)
Array Timebreak

Channel set #19-27 (1 channel each)
Spare

Channel set #28 (1 channel)
Sample Count

Channel set #29 (64 channels at 512ms)
Near Field Gun Channels



1.8.3 2D Acquisition - Seq 148 to 152

Number of Channels
368 seismic + 16 auxilliaries

Channel set 1 (368 channels)
Seismic data

Channel set 2 (4 channels)
Waterbreaks

Channel set 4 (1 channel)
Recording System Start

Channel set 5 (1 channel)
Combined Timebreak

Channel set 6-9 (1 channel each)
Array Timebreak

Channel set 10-17 (1 channel each)
Spare

Channel set 18 (1 channel)
Sample Count

Channel set 19 (64 channels at 512 ms)
Gun signature




1.9 Active Sections - TMS Solid Streamer

The active sections form the major part of the streamer assembly.  These sections are manufactured to work under extremely harsh conditions.  One example of this is related to the nominal length of the active section.  The manufacturers allow for a tension that is much greater than is normally seen.  Therefore, the active sections are slightly shorter than the nominal 100 m.  The actual module-centre to module-centre length of an active section is closer to 99.6 m, giving a group interval of 12.45 m, and these are the values used in the navigation acquisition and processing.  However, for clarity and brevity the nominal length of 100 m and group interval of 12.5 m have been used in the parameter summaries in this report.

An MSX module joins two identical active sections.  The resulting 200 metre assembly connects to other identical assemblies via a CSX module at each end of the assembly, up to a maximum streamer length of 12,000 metres.  The 100 metre active sections are designated as alpha (A) and bravo (B) sections in order to show their position with respect to the modules. The alpha sections occupy the position behind the CSX modules, and the bravo sections behind the MSX modules.
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Figure 8.9‑1 Active Assembly

Each 100 m active section contains a waterbreak phone, a depth transducer, two communication coils, and 112 hydrophones.  

The depth transducer performs a sea water depth to voltage conversion, and outputs the resulting signals to the streamer module for A/D conversion.

The communications coil receives control commands from the recording room and couples them to the streamer depth controllers / compass units, and the acoustic positioning units. The communication coils also allow the transmittal of data back to the recording room from these units. Each section has two such coils. The first, at 24.25 m from the module-centre at the head of the section is a traditional inductive coil.  These coils were not used for sensors throughout the survey, however Streamer Retreival Devices (SRDs) were located at these coils on some sections.  The second coil, which is 74.10 m from the head, is designed for the new generation Pro2000 Digicourse acoustic and compass/bird sensors.  These coils allow the sensors to be powered from the cable via inductive coupling, and eliminate battery changes.

[image: image2.wmf]CSX Module

Group 1

Group 2

Group 3

Group 4

Group 5

Group 6

Group 7

MSX Module

Group 8

Group 9

Group 10

Group 11

Group 12

Group 13

Group 14

Group 15

Group 16

CSX Module

0.00

12.45

24.90

37.35

49.80

62.25

74.70

87.15

99.60

112.05

124.50

136.95

149.40

161.85

174.30

186.75

199.20

Alpha Section

Bravo Section

Sensor Coil (not used)

Sensor Coil (used for SRD)

Sensor Coil (used for sensor)

Location of group centre

The hydrophones are divided into 8 groups of 14 phones; these are connected to a centre weighted, tapered array for noise reduction.  

Figure 8.9‑2 Group Hydrophone Location

The MSX modules, which are approximately 0.4 m long, contain all the electronics for digitising the analogue signals from the hydrophone groups, as well as transmitting the data to the onboard recording system.  The CSX modules, again 0.4 m long, merely act as connectors.

1.9.1.1 Front Stretch Section. 

This portion of the cable comprises three separate sections of two cable types.

These sections are used to isolate the active portion of the streamer from the motion of the vessel and pullavane. The use of TMS Stubbie and Syntron RVIM sections is to achieve a greater reliability of the Front stretch section when compared with the oil filled stretch sections. 

1.9.1.1.1 Stubbie Section.

The stubbie sections are located fore and aft of the Syntron RVIM section as part of the head elastic for each streamer. The stubbie comprises an 8.6 m section of solid streamer cable. There are 2 coils present at 2.34 m and 5.83 m from the head of the section. These coils were not utilised, as they are incompatible with the Digicourse Pro 2000 equipment.

1.9.1.1.2 Syntron RVIM Section.

 These sections act as damping springs and have a nominal unstretched length is 24 m. The actual length whilst in use is dependent on factors such as the speed of the vessel and streamer length. The RVIM comprises a section of rubberised elastic skin with an internal umbilical of cables and optical fibres contained within a pressurised environment

1.9.1.2 Tail End Stretch. 

The tail end of the streamer is isolated from the tail buoy by a Cable and a stretch section.  The section has the same construction as the front-end stretch, except it contains 8 hydrophones, which are designed to complete the hydrophone compliment for the last group.  However this last group on all cables is not used, due to incompatibility between the solid streamer and the oil filled stretch section.  The nominal unstretched length of the tail stretches is 85.0 m, with Pro2000 coils at 10.0 m and 80.5 m from the head of the section.  Actual lengths are monitored using in-line acoustic ranges.

1.9.1.3 Cable Head Section.

The cable head sections are 8.9 m long and contain a water-break hydrophone, a cable tension meter and a Pro2000 communication coil at 6.0 m from the head.

1.9.1.4 Comments.

The Thompson Marconi TM Sentry Solid streamers have proved to be a large improvement over the previously utilised oil-filled streamers.

1.9.1.4.1 Cable Noise

The ambient cable noise has been drastically reduced following the utilisation of the 

TMS solid streamers. This enables production to continue into poorer weather conditions than was previously possible, while retaining a high degree of data quality. The cable balance is also greatly improved by the use of the solid streamers: this reduces the amount of work the birds have to do and a consistently balanced streamer means much lower noise levels.

1.9.1.4.2 Deployment / Retrieval Damage

The amount of damage incurred by the sections during deployment and retrieval has been reduced by the use of the TMS solid streamers:

The section skins are more resilient, and any damage that does occur to the skins is much less drastic than with oil filled streamers.  If the outer skin is punctured, water is not free to pass down the section, and the hole may simply be welded back together again.

The solid billets protect the internal wiring of the cables, and the removal of bulkheads removes the possibility of damage at these localised 'hard spots'.




