1 SEISMIC EQUIPMENT - NAVIGATION SYSTEMS

1.1 Navigation Parameter Summary

Survey Control System
SPECTRA

Software Revision
7.6.5

Dedicated Computer
IBM RISC6000 SP2 node.

User Interface
20” Network Display Monitors

Tape Transport
IBM 3590 Tape Drive.

Tape Format
UKOOA P2/94




Steered point (NRP)
Vessel main dGPS antenna at waterline

Shotpoint Layback
565 m Seq 001-008

377.5 m Seq 009-089

390 m Seq 090-148

140 m Seq 149-152 - 2D lines




Primary Navigation System
Racal Multifix

Type of System
Differential GPS

 GPS Receiver Type
Trimble 4000DS Receiver

Survey Company
Racal

Differential Company
Racal




Secondary Navigation System
Fugro MRdGPS

Type of System
Differential GPS

GPS Receiver Type
Trimble 4000DS Receiver

Survey Company
Fugro

Differential Company
Fugro




QC Navigation System
QPS Multiref

Type of System
Differential GPS

GPS Receiver Type
Trimble 4000 DSi

Survey Company
QPS

Differential Company
Racal & Fugro [Multiple reference]




Other Navigation Systems
Posnet (2 systems)

Type of System
dGPS

GPS Receiver Type
Trimble 4000 SSi

Survey Company
Western Geophysical

Differential Company
Racal & Fugro 

1.2 SPECTRA Integrated Navigation System (Concept Systems)

Software version
7.6.5 (Under AIX 4.2 & Motif 1.2)

Hardware: 
IBM RISC6000 SP2 node.


4 x 20” Network Display Monitors


1 IBM 3590 Tape Drive.


2 x VME Chassis RTNUs (one on-line, one spare)

1.2.1 General

Spectra, is a comprehensive integrated seismic navigation system with a modular design. The Spectra system has been developed by Concept Systems to accommodate any advances in positioning technology as they happen. All Spectra software conforms to Open Systems standards, which allow users to continuously benefit from advances in computer technology.

Spectra is based on an expandable network of UNIX workstations with a dedicated Real Time Navigation Unit sensor acquisition system (RTNU) providing access to a database of over 100 navigation sensors and closure timing to a 50 micro-second resolution. The RTNU is supplied as a VME racked system, performing data acquisition and providing header information output, and communicates with the rest of Spectra via an Ethernet network using the TCP/IP set of network protocols.

Spectra, comprises several modules or “Nodes”, which can run on workstations connected by a Local Area Network. Each node consists of a process, or group of processes, performing a specific task, with some nodes having the ability to be run independently of other Nodes. Nodes communicate through the Data Server, which stores information supplied by the system’s producer process and passes it on demand to consumer processes.

1.2.2 Network Algorithm

Spectra, uses all sensors over the entire marine configuration to compute the source and cable positions in a single adjustment. The advantage of this is that the sensors are treated as an integrated network, which provides the optimal positioning solution. The network computation algorithm is performed by the Network Calculation Node (NCN) in a 3-stage process: Firstly pre-processing is carried out; offsets and scales are applied to the observations, and if gating is enabled, the observations that fail the gate are so marked. This gate is defined as the maximum value that an observation can change between shots, and is the simplest way to detect observational outliers. 

The next stage is the Prediction process which estimates positions and observations at a prediction time, usually the next shot, using the information from previous shots and positions. The NCN does this by computing the state transition matrix and the driving noise covariance matrix and then computes a predicted state at the next shot. 

The final stage is the Adjustment process. At this stage the design and dynamic parts of the network computation are merged into a Kalman Filter, which has the ability to perform “data-snooping” and rejection using the innovations of the observations. Simplified, this means that if an observation exceeds its predicted value by a certain amount then it will be seen as bad and will be rejected from the network solution. The Kalman Filter will then recalculate a solution with one less bad measurement. This process is repeated until all statistical tests and criteria have been met.

1.2.3 Features 

1. Navigation acquisition and validation with real-time source and streamer positioning for marine seismic surveys ranging from simple 2D and high resolution requirements to extensive 3D multi-streamer, multi-vessel configurations.

2. The Real-time data acquisition unit with its integrated GPS receiver used as a GPS clock provide triggering to 50 microseconds, allowing remote synchronisation of seismic and navigation systems.

3. Real-time binning, CMP and offset distribution displays are fully compatible with REFLEX off-line binning and analysis package including bin expansion capabilities. The system will also display features and overlays, giving the user accurate graphical information on the positions of obstacles and hazards on the survey area.

4. Real-time navigation data logging to UKOOA P1/90, P2/91 and P2/94 standards.  For data security, data is logged both to an IBM 3590 tape and hard disk.

5. Quality control features providing alarm and audit facilities. Extensive on-line graphical analysis features and end of line reporting provides an excellent tool to identify problems as they occur and to deselect observations when ever they affect the integrity of the network. 

6. Positioning using Kalman filtering with advanced data snooping statistical testing to identify blunders and outliers.

7. Spectra has the ability to load and store separate node configuration files, providing the user with maximum flexibility and minimum effort in setting up for a new survey.

1.3 REFLEX Binning System (Concept Systems)

Software version
1.7.2  (Under AIX 4.2 & Motif 1.2)

Hardware: 
IBM SP2 node.


1 x 20” Display Monitor

1.3.1 General

Reflex has been designed and developed by Concept Systems to provide 3D binning/coverage control combined with other spatial analysis facilities.  Reflex was used for fold of coverage displays using the source and receiver positions in the processed P1/90 datasets. 

Features:

1. A database capable of holding position and attribute information for all points of interest in any 3D seismic survey. With the flexibility to edit out lines, sources, cables or even receivers for given shotpoint ranges.

2. Text reports on various parameters. Spatial plots of all types of data. The generation of histograms, offset distribution and statistics for areas of interest on the Prospect. 

3. Binning of data using a variety of binning configurations including flexi-binning. Binning configuration files can be saved and restored with the minimum of effort.

4. Comprehensive report generation, which includes all parameters entered, lines binned and edits applied.

1.3.2 Reflex Attributes

The Reflex database can include attributes other than fold. These attributes are generated by several of the QC and processing packages onboard, and are then imported into the Reflex database where they are merged with the navigation data already present. Areal displays of data can then be produced to highlight the occurrence of any spatially localised errors.

The following attributes were imported into Reflex for each shotpoint of this survey:

· Seismic Signal generated by Omega within a client-defined window - one value per shot calculated, from all traces in Omega.

· Seismic Noise generated by Omega within a client-defined window - one value per shot, calculated from all traces in Omega.

· Seismic Signal/Noise ratio generated by Omega - one value per shot calculated from all traces in Omega.

· Water Depth generated from P190 data in Reflex.

· Primary vs. Secondary Navigation position difference generated by Unavchk.

· Streamer Feather for each streamer generated by Unavchk.

· Streamer Separation for head, mid and tail of each cable generated by Unavchk.

· Minimum Streamer Depth for each streamer generated by Unavchk.

· Mean Streamer Depth for each streamer generated by Unavchk.

· Maximum Streamer Depth for each streamer generated by Unavchk.

· Source volume generated by SSS/PDL.

· Minimum Source pressure generated by SSS/PDL.

· Mean Source pressure generated by SSS/PDL.

· Maximum Source pressure generated by SSS/PDL.

· Minimum Source depth generated by SSS/PDL.

· Mean Source depth generated by SSS/PDL.

· Maximum Source depth generated by SSS/PDL.

· Minimum gun sync generated by SSS/PDL.

· Maximum gun sync generated by SSS/PDL.

1.4 Vessel Positioning

The positioning of the vessel is derived from a network solution of the entire available vessel positioning systems. Each positioning system can be weighted according to its theoretical accuracy in order to provide an optimum, final vessel position.

For this prospect, five separate vessel-positioning systems were logged aboard the Western Pride.  All five systems were differentially corrected global positioning systems (dGPS).

The primary vessel navigation system used in the real-time vessel position network was Racal Multifix dGPS. The secondary vessel navigation system used in the real-time vessel position network was Fugro MRdGPS, and the third system used was QPS Multiref.  

Two other dGPS systems were logged, but were not used in the real-time network solution.  These were two POSNET systems, the first using a single Racal differential reference station, and the second using a single Fugro differential reference station. 

1.4.1 RACAL Multifix differential GPS System

Software Version
2.10 (under DOS)

Hardware:
Trimble DSi 9 channel GPS receiver

Pentium PC

The Racal Multifix dGPS system calculates up to six independent positioning solutions, using filtered differential corrections from a maximum of fifteen reference stations.  Several quality control features are incorporated into the system, including data snooping and statistical measurements in accordance with UKOOA guidelines.

Differential Corrections

For this survey corrections were supplied from Racal using the Skyfix system via both the JRC Inmarsat A (Pacific Ocean Satellite) and the Saturn Inmarsat (also Pacific Ocean Satellite) 

The Racal differential stations used to compute the real-time vessel position within the Racal Multifix system were as follows:

Station
ID
Latitude

Longitude

Height

Melbourne
[208]
038° 27' 52.887"S
144° 54' 46.667"E
146.22 m

Adelaide
[205]
035° 17' 30.129"S
138° 34' 50.577"E
400.19 m

Broome
[206]
033° 59' 12.483"S
151° 14' 24.217"E
  74.95 m

1.4.2 FUGRO Multi Reference differential GPS (MRdGPS) System

Software Version
2.03.10 (under Windows NT)

Hardware:
Trimble DSi 9 channel GPS receiver

Pentium PC

The Fugro MRdGPS system uses multiple reference stations and differential atmospheric/ionospheric modelling to provide a differential GPS positioning solution where spatial de-correlation effects, usually experienced in dGPS systems, are significantly reduced.

Differential Corrections

For this survey corrections were supplied from Fugro via the Spot system (Optus Satellite).

The Fugro differential stations used to compute the real-time vessel position within the Fugro MRdGPS system were as follows:

Station
ID
Latitude

Longitude

Height

Melbourne
[385]
038° 27' 53.375"S
144° 54' 46.909"E
144.9 m

Pt Augusta
[326]
032° 29' 55.166"S
137° 46' 31.459"E
  19.0 m

Bathurst
[326]
033° 25' 46.902"S
149° 34' 01.960"E
756.8 m

1.4.3 QPS (Quality Positioning Systems) Multireference differential GPS System

Software Version
2.42

Hardware:
Trimble DSi 9 channel GPS receiver

200MHz Pentium PC

The QPS Multiref dGPS system calculates a dGPS position using differential corrections from a number of equally weighted reference station in order to compute a multi-reference station solution.  The advantage of using multiple reference stations is that this allows the QPS system to differentiate between good and bad data using statistical tests.

Differential Corrections

For this survey, both the Racal and the Fugro reference stations were interfaced to the QPS and used in its positioning solution.

Racal Differential Corrections via Inmarsat

Station
ID
Latitude

Longitude

Height

Melbourne
[208]
038° 27' 52.887"S
144° 54' 46.667"E
146.22 m

Adelaide
[205]
035° 17' 30.129"S
138° 34' 50.577"E
400.19 m

Broome
[206]
033° 59' 12.483"S
151° 14' 24.217"E
  74.95 m

Fugro Differential Corrections via Spot

Station
ID
Latitude

Longitude

Height

Melbourne
[385]
038° 27' 53.375"S
144° 54' 46.909"E
144.9 m

Pt Augusta
[326]
032° 29' 55.166"S
137° 46' 31.459"E
  19.0 m

Bathurst
[326]
033° 25' 46.902"S
149° 34' 01.960"E
756.8 m

1.4.4 POSNET Dual Band dGPS System (Western Geophysical)

Software version
1.57

Hardware: 
Trimble SSi 18 channel GPS receiver


Dual 133 MHz Pentium PC For PosNet Software

POSNET is a differential GPS system that, when supplied with Sargas format differential corrections, provides high precision real time navigation with an accuracy of one part-per-million of the radial distance from the mobile position to the reference station (i.e. 1 m at 1000 km). The system uses proprietary techniques to make full use of the dual frequency band observables (L1 and L2), allowing the system to eliminate ionospheric errors.

The vessel equipment consists of a rack mounted PC, which has multiple RS232 interfaces (up to 34 ports). These serial ports are a mixture of hardware set and user definable ports. Each required piece of equipment is interfaced via these ports, including:

· GPS receiver 

· Multiple Differential Corrections

· Pitch, Roll & Gyro

Differential corrections can be received via a number of methods. Standard RTCM can be interfaced (Racal and Fugro standards) as well as Western Geophysical's corrections received over the VSAT system.

An antenna position derived to the waterline of the vessel is then computed, using the pitch and roll data. Multiple outputs of raw data are provided for recording and QC purposes. Two POSNET systems are run side by side and are interfaced to Spectra over an ethernet link.

Differential Corrections

For this survey one POSNET system used differential corrections from Racal, the other POSNET system used differential corrections from Fugro.

POSNET 1

Racal

Station
ID
Latitude

Longitude

Height

Melbourne
[208]
038° 27' 52.887"S
144° 54' 46.667"E
146.22 m

POSNET 2  (Interfaced to Spectra as PN02)

Fugro

Station
ID
Latitude

Longitude

Height

Melbourne
[385]
038° 27' 53.375"S
144° 54' 46.909"E
144.9 m

1.5 dGPS Positioning Quality Control

1.5.1 MobileQC (Western Geophysical)

Software Version
1.30

MobileQC is an application that runs under Windows NT. Its purpose is to provide graphical displays of the quality indicator outputs produced by the POSNET system. This includes all signal strength, elevations and satellites in view of the vessel. MobileQC also has the ability to monitor remote rGPS targets, such as headbuoys and tailbuoys.

1.5.2 QPS (Quality Positioning Systems) Multireference dGPS

Software Version
2.42

Although included as part of the vessel positioning solution, QPS was used mainly as a QC tool to monitor the raw observations and differential corrections input into both the Racal Multifix and Fugro MRdGPS systems, and also to monitor the output positions.  As a QC tool, the system fully complies with the UKOOA guidelines for quality control on differential GPS, providing outlier rejection and statistical analysis of data (e.g. F-Test, W-Test).
1.6 Source and Streamer Positioning

The positions of the sources and streamers were calculated by combining the measurements from several positioning systems into a single positioning network.  The integrity of this network is ensured by co-locating multiple sensors into single network nodes (headbuoys, and tailbuoys), and by providing sufficient network redundancy that in, the event of a fault in one system, network integrity is still maintained through the other redundant ranges.

The Vessel, Sources and Cable heads are tied together by acoustic ranges into a head-net, which is anchored by the rGPS and laser-mounted headbuoys and by vessel itself.

Acoustic ranges tie the tails of the streamers into a tail-net, which is anchored by the rGPS mounted tail buoys.

The cable shapes are determined by cable mounted compass units.  An acoustic mid-net tightens the mid-cable positioning, which is the weakest point of the compass traverse.

1.6.1 Input/Output Marine Pro2000 Acoustic System

Hardware
VME chassis based Motorola 68030 for DMU

Pentium 200 MHz Computer

Software
 Input/ Output Marine Pro2000

An active acoustic system, manufactured by Input/ Output Marine Systems, is used to provide the links in the positioning network.  Intelligent transceivers range between one another by sending and receiving short pulses of high frequency.  Ranging is currently split in three separate networks at the head, mid and tail of the cables.  This system has two types of ranging transceivers, each capable of ranging to 12 other acoustic devices:

1. Cable Units (CMX) are mounted on the streamer and communicates with the vessel using induction techniques with pick-up coils located in the streamer.  With the new generation Pro2000 units used on this survey, power is also provided to the unit via the streamer coil, using inductive coupling.  A back-up battery provides power when the streamer is powered down.

2. Gun and tailbuoy units (CTX) are mounted on the sub-arrays and tailbuoys. The units mounted on the guns use two pairs of shielded wires that provide command/power (24 volts) and data communication with the vessel.  The tailbuoy units are slightly different in that they use power from the streamer.  The acoustic data is passed back to the vessel via the STIC cable and streamer data lines. 

The Digicourse computer outputs all the range data to the navigation computer on a shot by shot basis via an ethernet link.  

Velocity of Sound in Water

The velocity of sound was determined using a Valeport temperature/salinity (T/S) probe. A total of nine TS Dips were taken at regular interval throughout the survey. All deep TS Dip results showed a strong thermocline at about 90 m.  During calm spells another thermocline would develop in the top 15m. Only the top 15m of the water column was used to determine the final velocity, as this was more indicative of the acoustic sensor environment.
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Figure 9.6‑1 TS Dip Example (2nd April)

The summarised results are as shown below:

Date
Local Time
Location
Average Velocity

(Top 15 m of column)

21st Dec 1999
16:00
39° 10' S
142° 55' E
1512 m/s

2nd Jan 2000
17:00
39° 24' S
143° 03' E
1513 m/s

9th Jan 2000
16:00
39° 15' S
143° 56' E
1514 m/s

31st Jan 2000
16:00
38° 54' S
143° 00' E
1515 m/s

17th Feb 2000
10:00
39° 10' S
142° 50' E
1517 m/s

28th Feb 2000
08:00
39° 14' S
142 51' E
1518 m/s

10th March 2000
18:00
39° 07' S
142° 58' E
1520 m/s

16th March 2000
15:30
38° 53' S
142° 54' E
1516 m/s

2nd April 2000
16:30
39° 20' S
142° 47' E
1516 m/s

1.6.2 POSNET rGPS Range/Bearing Systems (Western Geophysical)

Western Geophysical’s POSNET system is a combined system, calculating the absolute position of the vessel and the relative position of a number of rGPS targets.  Each POSNET relative GPS unit contains a 12 channel Trimble GPS receiver.  The GPS pseudo-ranges are transferred to the vessel, where the target’s relative position is calculated.  Thus giving a true range and bearing between the GPS antenna on the vessel and the GPS antenna on the remote buoy.

The vessel uses two types of POSNET rGPS units, one type for positioning the gunstrings, the other for tailbuoy positioning.  The units mounted on the gunstrings are referred to as headbuoys. The headbuoy units are wired through the gunstrings, allowing power transmission from and data communication with, the shipboard controller.  The tailbuoy units are similarly wired through the STIC cable and on through the seismic streamer to the vessel.

Target data is passed to the navigation computer every second and includes range, bearing, and satellite information.

1.6.3 MDL Fanbeam  Laser target tracking system (Marine Data Ltd)

Hardware
Laser scanning unit

Power supply unit

Universal Control Unit

Software Version
1.59

Fanbeam is a laser ranging system designed to measure the range and angular position of reflective targets. The diode laser produces a 20° vertical fan beam, which is scanned across a user-defined sector. The use of a wide vertical fan shaped beam allows the detection of small targets not in vertical alignment with the laser, and further allows considerable motion of the scanning head whilst keeping the targets in view. The Fanbeam has a narrow horizontal beam width of 2 cm and has a divergence of 1.5m radians, giving good horizontal resolution.

Measurement of the horizontal angle is by a shaft encoder that is directly coupled to the laser table and has a resolution of 0.01°. Scanning speed is user programmable and variable from 3° to 50° sec-1.

As it is an optical system, Fanbeam is extremely sensitive to airborne particles. Rain, fog or spray significantly degrade the range and bearing data, quickly making them unusable. Fanbeam is also a line of sight system. Heavy seas can adversely affect the data by obscuring the targets.

Retro-reflective optical prism targets are co-located with the rGPS antennas on the outer gun strings of each energy source array. The gun prism targets are attached to the head buoy on the guns. The range and bearing of each target is tracked from the Fanbeam mounted on the stern of the vessel.

Raw data is passed to the SPECTRA navigation system and recorded in the P2 dataset.  As the scanning head is fixed to the vessel, the output bearings are relative to vessel heading and need to be gyro corrected to obtain true north readings.

1.6.4 Pro2000 Streamer Compasses (Input/Output Marine)

Hardware
VME chassis based Motorola 68030 for DMU


Pentium 200 MHz computer for GUI

Software
Input/ Output Marine Pro2000

The Pro2000 Compass Bird family, are microprocessor-based control and monitoring devices that mount externally on the streamer.  The units used aboard the Western Pride are combined bird/compasses.  They provide streamer depth monitoring, streamer depth control and streamer compass bearings used to determine cable shape.

Once programmed with the assigned operating depth the bird operates independently to control streamer depth by adjusting its wings to provide lift or dive. The assembly is housed in a non-corroding, non-magnetic moulded polyurethane body that is streamlined to minimise flow-induced noise.  The compasses are rotary card type and are accurate to 0.5° with a resolution of 0.3°.  

The units communicate with the system controller onboard the vessel over a single twisted pair transmission line in the streamer using inductive coupling.  Additionally the Pro2000 units receive power from the cable via the inductive coil in the same manner as the acoustic units.  

The Pro2000 is a new system, which has provided a significant improvement in depth control, as there is no need to have a trade off between extended battery life and bird responsiveness.

1.6.5 Gyrocompasses (Sperry)

Primary - Gyro 2
Sperry Mk. 227 (Ser. No. 480)

Secondary - Gyro 1
Sperry Mk. 227 (Ser. No. 495)

The Mk227 gyrocompass provides a true north azimuth reference. It is designed for larger vessels and includes a data transmission system, which provides heading information to remote systems and indicators. Mechanical and electronic systems can compensate the gyrocompass for errors associated with latitude and velocity. These corrections are not applied to the recorded raw gyro readings, but are calculated by the navigation software.

Both gyros are recorded by the Spectra navigation system. One gyro is the primary survey gyro. The second gyro is used as a backup system and for data comparisons.  

1.6.6 Fathometer (Simrad)

Hardware
Simrad EA500

Type PDD

Software
Firmware 2.6.1

Water Depth Reference Point
Sea Level

The SIMRAD EA500 Fathometer has two transducer frequencies (18 kHz and 200 kHz); designed for operation in differing water depths.  For this survey, the 18 kHz transducer was chosen for its better performance in the water depths on this survey (200-2000 m).

The water depth recorded by the Fathometer was output raw to the Spectra system.  A correction of 5.94 metres, derived by dimensional survey, was applied during navigation processing in order to correct the data to the mean sea level datum.  

A fixed value of 1500 m/s for the speed of sound in water was entered into the Fathometer throughout the survey.  The data was scaled during navigation processing with an average value of the velocity for the water column
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_1017175388.xls
TS Dip

		Temperature/Salinity (TS) Dip

		Vessel		Western Pride FRC

		Prospect		Investigator

		Location		39° 20' 00" S		142° 47' 00" E

		Time		16:30 Local		4/2/00

		Chart Title		Temperature/Salinity (TS) Dip
Investigator, Western Pride FRC, 02-Apr-00

								Wilson		Medwin

						Average		1513.20		1513.90

						Avg Top 15 m		1516.30		1515.94

		Depth		Salinity		Temp		Wilson		Medwin

		0.0		35.61		18.01		1517.09		1516.61

		2.5		35.62		17.96		1516.95		1516.51

		5.0		35.59		17.64		1515.99		1515.59

		7.5		35.60		17.60		1515.88		1515.52

		10.0		35.60		17.57		1515.79		1515.47

		12.5		35.60		17.56		1515.76		1515.49

		15.0		35.61		17.56		1515.78		1515.54

		17.5		35.63		17.54		1515.74		1515.54

		20.0		35.64		17.55		1515.78		1515.62

		22.5		35.63		17.54		1515.74		1515.62

		25.0		35.64		17.53		1515.72		1515.64

		30.0		35.64		17.53		1515.72		1515.72

		35.0		35.65		17.54		1515.77		1515.85

		40.0		35.66		17.53		1515.75		1515.91

		45.0		35.68		17.53		1515.77		1516.01

		50.0		35.68		17.52		1515.74		1516.06

		55.0		35.68		17.50		1515.68		1516.08

		60.0		35.69		17.50		1515.70		1516.17

		65.0		35.67		17.49		1515.64		1516.20

		70.0		35.70		17.49		1515.68		1516.32

		75.0		35.70		17.49		1515.68		1516.40

		80.0		35.70		17.48		1515.65		1516.45

		85.0		35.69		17.48		1515.64		1516.52

		90.0		35.69		17.47		1515.61		1516.57

		95.0		35.69		17.36		1515.28		1516.32

		100.0		35.60		17.10		1514.41		1515.53

		110.0		35.39		15.65		1509.74		1511.05

		120.0		35.43		15.40		1509.01		1510.49

		130.0		35.41		15.26		1508.55		1510.19

		140.0		35.36		14.67		1506.62		1508.43

		150.0		35.34		14.42		1505.79		1507.77

		160.0		35.36		14.34		1505.56		1507.70

		170.0		35.37		14.22		1505.19		1507.49

		180.0		35.38		14.09		1504.78		1507.24

		190.0		35.39		13.91		1504.20		1506.83

		200.0		35.40		13.88		1504.12		1506.91

		190.0		35.40		13.89		1504.15		1506.78

		180.0		35.43		14.03		1504.64		1507.11

		170.0		35.42		14.12		1504.92		1507.23

		160.0		35.44		14.34		1505.66		1507.80

		150.0		35.45		14.44		1506.00		1507.97

		140.0		35.56		14.84		1507.41		1509.21

		130.0		35.56		15.39		1509.14		1510.77

		120.0		35.6		15.64		1509.97		1511.43

		110.0		35.74		16.72		1513.44		1514.72

		100.0		35.8		17.4		1515.54		1516.65

		90.0		35.81		17.52		1515.90		1516.85

		80.0		35.79		17.53		1515.91		1516.70

		70.0		35.77		17.53		1515.88		1516.52

		60.0		35.76		17.55		1515.93		1516.40

		50.0		35.75		17.55		1515.92		1516.23

		40.0		35.73		17.56		1515.92		1516.08

		30.0		35.71		17.57		1515.93		1515.92

		25.0		35.7		17.58		1515.94		1515.86

		22.5		35.7		17.58		1515.94		1515.82

		20.0		35.7		17.58		1515.94		1515.78

		17.5		35.69		17.59		1515.96		1515.76

		15.0		35.69		17.6		1515.99		1515.75

		12.5		35.69		17.6		1515.99		1515.71

		10.0		35.68		17.63		1516.07		1515.74

		7.5		35.69		17.64		1516.11		1515.74

		5.0		35.7		17.7		1516.29		1515.89

		2.5		35.7		18		1517.17		1516.72

		0.0		35.72		18.06		1517.36		1516.88





TS Dip Chart

		0		0		1517.0877773717		0

		2.5		2.5		1516.9549352763		2.5

		5		5		1515.9869132071		5

		7.5		7.5		1515.8818039256		7.5

		10		10		1515.7938664829		10

		12.5		12.5		1515.7645366166		12.5

		15		15		1515.7765649399		15

		17.5		17.5		1515.7419435101		17.5

		20		20		1515.7833178648		20

		22.5		22.5		1515.7419435101		22.5

		25		25		1515.7246236197		25

		30		30		1515.7246236197		30

		35		35		1515.7660070122		35

		40		40		1515.748690042		40

		45		45		1515.7727578178		45

		50		50		1515.7434021312		50

		55		55		1515.6846646474		55

		60		60		1515.696702408		60

		65		65		1515.6432443028		65

		70		70		1515.6793609496		70

		75		75		1515.6793609496		75

		80		80		1515.6499726839		80

		85		85		1515.6379323416		85

		90		90		1515.6085342442		90

		95		95		1515.2845797985		95

		100		100		1514.4059338141		100

		110		110		1509.7440840837		110

		120		120		1509.0140896328		120

		130		130		1508.5508573245		130

		140		140		1506.6207567306		140

		150		150		1505.7946099719		150

		160		160		1505.5616958505		160

		170		170		1505.1865022617		170

		180		180		1504.7775455626		180

		190		190		1504.203996589		190

		200		200		1504.1184803803		200

		190		190		1504.1511385878		190

		180		180		1504.6446388527		180

		170		170		1504.9245479585		170

		160		160		1505.6607570071		160

		150		150		1505.9950210728		150

		140		140		1507.4090190566		1509.2066508922

		130		130		1509.1422992365		1510.7684451075

		120		120		1509.9700700642		1511.4300833018

		110		110		1513.4393565214		1514.7196827699

		100		100		1515.5350646172		1516.64872696

		90		90		1515.8998902505		1516.8527695923

		80		80		1515.905154781		1516.6987890853

		70		70		1515.8810795602		1516.5154950853

		60		60		1515.9277097824		1516.4024612237

		50		50		1515.9156752614		1516.2308162238

		40		40		1515.9209312149		1516.0768238726

		30		30		1515.926184313		1515.922827577

		25		25		1515.943463683		1515.8604693385

		22.5		22.5		1515.943463683		1515.8204693385

		20		20		1515.943463683		1515.7804693385

		17.5		17.5		1515.9607369427		1515.7581051589

		15		15		1515.9900306377		1515.74737504

		12.5		12.5		1515.9900306377		1515.70737504

		10		10		1516.0658364202		1515.7435000646

		7.5		7.5		1516.1071185509		1515.7443752058

		5		5		1516.294505686		1515.89126757

		2.5		2.5		1517.166655396		1516.72328

		0		0		1517.3641049398		1516.8800192386
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