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[bookmark: _Toc16770903]Pre-survey Checks
[bookmark: _Toc16770904]Gun Checks
Prior to the start of the survey each gun shall be fired individually and the near-field signatures recorded on tape. The near-field signatures shall be compared to their nominal values (amplitude, bubble period, depth, air pressure, etc...) and it shall be verified that all the guns of the same volume have similar near-field pulses.
[bookmark: _Toc16770905]Recording
The gain level for the pre-amplifier shall be adjusted to avoid amplitude overflow on the near-offset traces. 
If a survey is repeated with the same node type and the pre-amp gain from the original survey is archived, it will not be necessary to repeat the gain verification test.
[bookmark: _Toc16770906]Seismic Nodes
[bookmark: _Toc16770907]Node Minimum Requirements
At a minimum the Ocean Bottom Node must:
· Contain 4 seismic sensors (1 pressure sensor and three orthogonally orientated or galperin orientated particle motion sensors)
· Measure and record the orientation and tilt of the particle motion sensors at a minimum of one sample every 10 seconds
· Contain a calibrated clock with acceptable post drift correction errors as determined by clock manufacturer’s specifications. Contractor will demonstrate through technical audit results and laboratory tests that the clock error post drift correction will be less than 1ms.
· Contain data storage capacity for the anticipated node deployment duration
· Contain battery capacity for the anticipated node deployment duration
· Be able to  continuously record the four seismic sensor measurements and time tag the seismic sensor recordings
· Must be designed to couple adequately with the seafloor
[bookmark: _Toc16770908]Node Out of Spec Criteria
A node will be considered out of specs if, more than 5% of the traces recorded within the valid offset range, exhibit any of the failure modes below:
· Shows intermittent or continuous spikes
· Shows no response (dead trace)
· Is malfunctioning or has unrecoverable data
· Shows a signal distorted or out of phase by more than 1/4 sampling rate (this includes reversed polarity traces)
· Presents leakage (less than 1 MΩ impedance)
· Shows cross-feed between sensors
· Does not make a valid receiver orientation measurement
· Its internal clock drift compared with GPS time exceeds clock manufacturer’s specifications, or is more than 2ms/day. In general a drift of less than 2ms/day or less will have no impact on data quality as long as the drift is predictable.
· Its internal clock drift is impossible to determine
[bookmark: _Toc16770909]Node Response Library
The recording system pulse response coefficients will be provided to Company in electronic tabulated format.
[bookmark: _Toc16770910]Node Operation positioning
Node Vessel USBL Systems
System should be equivalent of Kongsberg HIPAP 501 system or more recent using Cymbal digital subsea communication technology.
USBL speed of sound velocity profile to be updated at least once every 2 production days.  Data collected from ROV and Basket recovery/dives are acceptable, but must measure the entire water column as close to as reasonably practical.
Node Vessel DGNSS Systems
Vessel should be operating with at least 2 fully Independent DGNSS systems verified before the start of survey according to details in section 6 of this standard.
Independent is defined as being:
A. [bookmark: _Toc16770911]Two different receiver/antenna pairs
B. Two different positioning engine/models with comparable stated accuracies to Fugro XP2, G2+, G2 solutions.
C. Two different correction delivery services (L-band, Inmarsat, Internet-NTRIP)
Auxiliary Navigation sensors
Vessel should be fitted with:
· Redundant heading sensors with primary being survey grade.
· Redundant motion sensors with comparable accuracies to MRU5 or better.
· Redundant barometer sensors to be used in real time for subsea depth calculation.
ROV node deployment:
The ROV will be continuously positioned using a USBL and DVL aided inertial system which provides accuracies sub 3m at the 95% confidence level. On deployment the node location will be measured relative to the ROV.
[bookmark: _Toc16770912]Node on a Rope deployment:
Deployment will be managed and QC’d in realtime using USBL high-frequency acoustics. The rope will be populated with high frequency acoustic receivers. For deployment management sparse sampling of the receivers is normally adequate. 
Final positioning of the nodes will be made using a combination of seismic first breaks and high frequency acoustics depending on client preference and operational conditions. The accuracy of the final receiver position will be dependent on operational conditions and choice of positioning technology but will be agreed prior to survey start.

[bookmark: _Toc16770913]Node Positioning to pre-plot on Deployment
[bookmark: _Toc16770914]ROV Deployment
With the exception of nodes which cannot be positioned at their pre-plot location the nodes will be positioned to the following criteria:
· 90% of the nodes radially within 5m of the pre-plot location
· 99% of the nodes radially within 10m of the pre-plot location
[bookmark: _Toc16770915]NOAR Deployment
With the exception of nodes which cannot be positioned at their pre-plot location the nodes will be positioned to the following criteria:
· 90% of the nodes radially within 5% * water depth +5m of the pre-plot location
[bookmark: _Toc16770916]Node Spread Criteria
For node geometries where the receivers are sampled more densely in the receiver deployment orientation, normally but not always deployed on a wire or rope:
· If the source sampling interval parallel to the receiver deployment orientation is greater than or equal to 4x the source sampling interval perpendicular to the receiver deployment orientation the active node spread will be considered out of spec if:
· More than  2.0% of the nodes of the  active spread (for rolling operations) or total spread (for static operations) are out of spec
· If more than two adjacent nodes, in the inline or crossline direction, are out or specification
· If the source sampling interval parallel to the receiver deployment orientation is  less than 4x the source sampling interval perpendicular to the receiver deployment orientation, the active node spread will be considered out of spec if:
· More than  3.5% of the nodes of the  active spread (for rolling operations) or total spread (for static operations) are out of spec
· If the receivers per km2 in any square km is less than 94% of the nominal number of receivers per km2 

For node geometries where the receivers are sampled similarly parallel and perpendicular to the receiver deployment orientation, normally deployed using an ROV, the active node spread will be considered out of spec if:
· More than  2.0% of the nodes of the  active spread (for rolling operations) or total spread (for static operations) are out of spec
· If more than two adjacent nodes, in the inline or crossline direction, are out or spec
[bookmark: _Toc16770917]Source
[bookmark: _Toc16770918]General
[bookmark: _Toc16770919]Minimum Source Line Length
There is no minimum source line length.
[bookmark: _Toc16770920]Source Line Reshoot Overlap
There is no requirement to overlap shot points when reshooting a hole.
[bookmark: _Toc16770921]Source Minimum Requirements
The source will be configured of array elements as specified and agreed in the pre-survey discussions.
All guns shall be fed by air as appropriate. Each sub-array shall be equipped with pressure gauges. If the pressure gauge is not available in the sub-array, the manifold gauge pressure will be used. 
The air pressure shall be displayed in the recording room and recorded on the seismic tape. Separations between individual strings in an array shall be monitored in real-time
As a minimum there shall be at least three depth indicators per sub-array, at the front, middle and end, for sub-arrays of 6 or more array elements or at least two depth indicators per sub-array, at the front and end, for sub-arrays of 5 or less array elements. The accuracy of the depth indicators shall be within ± 0.3m. 
Near field signatures shall be recorded at a sample rate of 1ms or less on separate media than the seismic tape. Near field data shall be displayed in real time for online QC to assess the source quality. 
Gun mask identifier (for multi-source operations) shall be recorded to seismic and navigation tapes.
Each array element shall be monitored by a hydrophone located as close to the center of explosion as practical. 
Source controller systems shall be able to:
· Detect and display the fire time of each individual gun relative to the fire command time to an accuracy of 0.25 milliseconds
· Display individual timing errors graphically
· Synchronize all guns within a specific time window
· Provide alarms for auto-firing guns, out of sequence firing (flip/flop shooting), single gun misfires 
· Determine the standard deviation of timing errors for each gun at each shot and display graphically
· At the end of each line produce a summary of gun performance during the line and display graphically
[bookmark: _Toc16770922]Source QC Checks and Tests 
The following checks shall be undertaken prior to start of survey: 
· Calibration of depth indicators 
· Verification that record length and speed are compatible with source re- cycle times 
· Measurement of towing ropes, wires and chains 
· Correct operation of source mask (dual vessel flip/flop operations only) identifier using single trace recorder or seismic QC system 
· Analysis of nearfield traces (each array element firing individually)
[bookmark: _Toc16770923]Source Performance Specifications 
A gun is considered to have misfired and will be shut down under any one of the following conditions:
· Gun fires more than once in a cycle (auto-fire)
· Air leak
· Anomalous near field signature
· Timing synchronization in excess of ±1.5 millisecond from time zero
· Timing synchronization in excess of ±1.0 milliseconds from time zero for more than 10 of any 50 consecutive shots.
The following specifications shall govern the operation of the source(s). Individual records outside of these specifications shall be considered as a misfire:
· Malfunction of source controller system
· No depth indication per sub-array
· Source depth differs by more than 1.0 meter from the nominal depth
· One or more guns fires more than once in a single shot cycle (auto-firing gun(s))
· Air pressure differs by more than 10% from  specified pressure
· Loss of time break
· Combination of operational guns in the array does not meet the source drop-out specifications as detailed in the source drop-out table (Section 4.4)
Consecutive ranges of shotpoints which exceed the specifications below will need be re-acquired regardless of whether the minimum % of shotpoints / node specification is met:
· 15 consecutive bad shotpoints on any source line i.e. the same array failing for 15 consecutive shotpoints
· 25 consecutive bad shotpoints on any source vessel line i.e. all sources on the same source vessel fail for 25 consecutive bad shotpoints
[bookmark: _Toc16770924]Source Drop-Out
A source drop-out table detailing all acceptable combinations of dropped guns will be provided using the following criteria to determine acceptable combinations of dropped array elements:
· The difference in zero to Peak pressure is <15%
· The average deviation in the 7 – 70 Hz bandwidth is <1.5dB and the maximum is <3.0dB
· The correlation coefficient is >0.996 of the nominal array
Ideally a failed gun should be replaced at the next opportunity, even if the array continues to meet the drop-out specifications. However, it is understood that it may be efficient to fix multiple problems on the same source recovery or it may be inefficient to recover an array at certain times during the operations i.e. line changes in shallow water or at night time when constrained by marine mammal regulatory requirements and for this reason it is possible to start a line with a failed array element if the drop-out specs are not exceeded. Regardless an array element must not be non-functional for more than 24 hours.
[bookmark: _Toc16770925]Source Geometry
· The average sub-array separation for any line will not vary from the nominal by more than 2m.
· The maximum sub-array separation for any line will not vary from the nominal by more than 4m.
[bookmark: _Toc16770926]Source Operation Positioning
Source Vessel DGNSS systems
Vessel should be operating with at least 2 fully Independent DGNSS systems verified before the start of survey according to details in section 6 of this standard.
Independent is defined as being:
A. Two different receiver/antenna pairs
B. Two different positioning engine/models with comparable stated accuracies to Fugro XP2, G2+, G4 solutions.
C. Two different correction delivery services (L-band, Inmarsat, Internet-NTRIP)
Source Positioning
The source will be positioned using a plurality of RGNSS remote units. The acceptability of the source position will be dictated by the following specs.
· Each sub-array must be fitted with a minimum of two RGNSS remote units.
· Each sub-array must have a minimum of one functioning RGNSS remote units at all times
· Both RGNSS remote units should be operational at start of line unless onboard client representative accepts otherwise for operational reasons.
· A minimum of 75% of the RGNSS remote units in the array must be functioning
· Each RGNSS remote unit shall compute a position using  a minimum of 4 satellites
· Center of source positioning accuracies measured by SMA should be better than 3m @ 2 sigma.
[bookmark: _Hlk44495163]Equipment’s stated accuracy should be comparable with Startrack, 4DX and Citius systems.
[bookmark: _Toc16770927]Shot by Shot Signature Estimation
If it is expected that the nearfield data should be used to generated shot by shot signature estimation, the following more stringent specifications will take precedence. The requirements for near-field recording to enable source signature estimation are provided in more detail in the document titled “SBGS Standard Near-Field Hydrophone Measurements for Far-Field Estimate Generation”:
· Each array element should be fitted with a near field hydrophone
· Near field hydrophone measurements will be recorded for a minimum of 1 second with a maximum 0.1ms sample interval every shot point
· A minimum of 90% of the nearfield hydrophones in the array must be functioning
· Each sub-array should be fitted with a minimum of 3 depth sensors, and 75% of the depth sensors in an array must be operational
· A bubble test, in which all guns are fired individually and recorded on all nearfield hydrophones, shall be conducted at the beginning of the survey, at least once per month and after any array element or near-field phone is replaced. 
[bookmark: _Toc16770928]Source Repeatability
By default SBGS will follow a straight line pre-plot for 3D surveys, 4D baselines and 4D monitor surveys. While we are technically capable of generating and following non-straight pre-plots, SBGS consider this to be a technically inferior approach, resulting in more poorly repeated surveys and will require a relaxation of the specs below:
Single Source / Straight pre-plot line:
· 100 % of the shots will not deviate by more than 10m from the pre-plot in the crossline direction
· 80 % of the shots will not deviate by more than 5m from the pre-plot in the crossline direction
· 100 % of the shots will not deviate by more than 5m from the pre-plot in the inline direction
· 80% of the shots will not deviate by more than 3m from the pre-plot in the inline 
Dual Source / Straight pre-plot line:
· 100 % of the shots will not deviate by more than 12m from the pre-plot in the crossline direction
· 80 % of the shots will not deviate by more than 7m from the pre-plot in the crossline direction
· 100 % of the shots will not deviate by more than 12m from the pre-plot in the inline direction
· 80% of the shots will not deviate by more than 10m from the pre-plot in the inline
Triple Source / Straight pre-plot line:
· 100 % of the shots will not deviate by more than 20m from the pre-plot in the crossline direction
· 80 % of the shots will not deviate by more than 10m from the pre-plot in the crossline direction
· 100 % of the shots will not deviate by more than 20m from the pre-plot in the inline direction
· 80% of the shots will not deviate by more than 10m from the pre-plot in the inline
[bookmark: _Toc16770929]Source sensor drop-out criteria
As per the criteria detailed above it is permissible to continue a line and start a line with failed source sensors (Nearfield hydrophones, depth transducers, pressure transducers, RGNSS remote units). However
· A single sensor (Nearfield hydrophones, depth transducers, pressure transducers, RGNSS remote units) can not be non-functional for more than 120 hours even if the source is not out of spec as per the criteria above
· The number of failed sensors (sum of failed depth transducers, pressure transducers, RGNSS remote units and nearfield pones) on any source can not be greater than 3 even if the source is not out of spec as per the criteria above


Source Vessel Navigation Water Depth Processing
Source vessel water depth processing should be in accordance to the following procedure for P190 and SPS deliverables:
939-NAV-PRO-00220-RB OBN Source Navigation Water Depth Processing
Where inadequate depths are acquired in real time, SBGS accepts the back pick water depths from client multibeam data sets so long as those data sets are believed to be of known origin (vertical datum, horizontal datum, equipment quality etc…) and of acceptable accuracy.
Tidal correction via Global TPXO models version 8+ are considered acceptable for water depth processing of field acquired data.  This should be quality controlled against other local sources such as GNSS solutions from vessel positioning systems.
[bookmark: _Toc16770930]Onboard Processing - Generation of Acquisition Deliverable
The following workflow will be applied to the recorded seismic data prior to data delivery
· Download the data from the node and decode to internal processing format
· Compute and apply clock drift correction
· Merge in final navigation data and shot time 
· Cut into discrete shot records
· Output SEGY
[bookmark: _Toc16770931]Seismic Data QC
Continuous and cut/combed data stream of every OBN unit will be assessed for data validity and a separate report for each node will be generated containing the receiver sorted QC displays. It is anticipated that these QC steps will be completed within 12 hours of the OBN unit arriving on the vessel.
Receiver sorted QC Displays
· Continuous data QC - RMS amplitude and frequency analyses of continuous recorded data for every component (P, Z, X, Y). The continuous data are cut into 4 minute long traces before calculating the RMS amplitudes and spectra.
· Cut/Combed record data QC
· Areal maps of RMS amplitudes of all components, mapped by shot location. RMS amplitudes for shallow window, direct arrival, full trace length and a window centered on the main PP and PS target. Direct arrival maps are also done for tilt corrected and rotated vertical and horizontal (radial, transverse) components.
· In-line and cross line gather displays. Trace gathers and FX displays.
· NMO corrected inline and crossline gather displays of down-going wave field/mirror image (water velocity), up-going wave field (PP velocity) and radial component converted wave image (PS velocity), as well as time slices.
· Full-trace RMS amplitudes are computed for all traces and compared between all shots within offset groups. RMS of each component (pressure, X, Y and Z) is expected to be within five times and one-fifth of the average over all shots within each offset group. Traces outside this criterion should be further evaluated.
Shot QC displays
· Shot fold count
Receiver position and clock drift QC
· First break based receiver positioning check. Receiver position in as-laid SPS file is updated only if error exceeds positioning specs. First break pick times and first break derived receiver positions will be provided as separate ASCII file listings. On Company’s request, first break derived receiver positions can be saved in SEGY trace header fields.
· First break picks before and after corrections are displayed as maps and graphs. Example linear moveout corrected inline and crossline gathers are produced.
· First break based residual clock drift correction. On Company's request, estimated residual clock drift can be applied to the data or saved in a SEGY trace header field.
Sensor orientation
· Sensor 3D orientation angles (tilt X, tilt Y and geophone azimuthal heading) will be recomputed from direct arrival polarization, and provided as separate ASCII file listings. On Company’s request, data derived orientation angles (in addition to as-laid orientation angles) can be saved in SEGY trace header fields.
Vector fidelity analysis
· Ellipticity will be computed for a time window centered on the direct arrival. It is expected that all traces within a circle of maximum 45 degrees angle of incidence will show small ellipticity values. Anomalies should be further investigated by Contractor and reported to Company Representative.
· The computed direct arrival polarization vector will be compared to the source-receiver direction vector in the horizontal and sagittal plane. The difference between the two is expected to be within a small angle range for all traces within a circle of 45 degrees angle of incidence. This can be used as an indicator for vector fidelity and accuracy of the three orientation angles (tilt X, tilt Y and geophone azimuthal heading). Discrepancies that stem from variations in seabed properties and topography are expected but should be investigated further by Contractor and reported to Company Representative.
· After rotating the horizontal components to radial/transverse directions, all energy is expected to be on the radial component for a window centered on the direct arrival. For deeper window, energy on the radial and transverse should be compared and interpreted by visual inspection to evaluate the quality of the rotation/vector fidelity.
Pressure-Particle velocity comparison:
· Over a direct arrival window, compute the coefficient of proportionality between the hydrophone pressure and the length of the major axis of polarization from the three geophone components.
· To enhance Signal to Noise Ratio (S/N), the coefficient can be averaged over all near offset traces. It is expected to fall within a narrow range for all nodes.
· Any large deviations should be investigated further to see if any physical reason can be found for it. PZ summation/difference plots (standard QC products) can be used to assist in the interpretation.
[bookmark: _Toc16770932]Deliverables
As per default SBGS provides the following deliverables.
QC DEPARTMENT
· 2 x receiver sorted and de-skewed continuous dataset using the contracted sample rate and a 60 second record length in SEG-Y Rev 0 format
· 2 x receiver sorted and de-skewed shot time reference dataset using the contracted sample rate and record length merged with final navigation in SEG-Y Rev 0 format
· 2 x shot sorted nearfield hydrophone datasets in field format (SEG-D rev 1.0)
· QC report for each node in pdf format and non-receiver referenced QC products as detailed in methodology document
NAVIGATION DEPARTMENT
Source Vessel
Navigation data in the following formats on a sequence basis:
Source Vessels / Source Positions
i. Raw data in OGP P2/11 (ION, SPN or Orca output format)
ii. Processed data in OGP P1/11 (ION or FGPS output format)
iii. Source records (depth laid back to source) SEG SPS 2.1 format
· EOL QC report from Online navigation system.
· Processed EOL QC report from offline processing system.
· Source repeatability statistics (ddx, ddy, ddr) ascii file from SPSPro or equivalent.
· Line log (observer/navigation/mec combined) XLSX
Following Files are required for the survey:
· Mobilisation Report
· Equipment calibration reports
· Dimensional Survey Reports
· Survey Changes Log
· Navigation Definition/Spread report detailing any changes to offsets and relevant systems.
· ADCP Data (12 or 24hrs frequency)
· Tide Data TPXO for center of prospect (if required)
· End of Job Report


Node Vessel
Receiver Positions based on a line by line (preplot) basis:
i. SEG SPS 2.1 format
· Water Velocity Profile measurements – ascii raw data file and processed XLSX (frequency as per Technical Specifications).
Following Files are required for the survey:
· Mobilisation Report
· Dimensional Survey Reports
· Equipment calibration reports
· Survey Changes Log
· Tide Data TPXO for center of prospect (if required)
· End of Job Report (pdf and hardcopy)
Modifications/Additions to this list of deliverables should be agreed prior to survey start and clearly communicated to the crew


[bookmark: _Toc16770933]Positioning Systems Mobilization
Contractor must demonstrate dimension control on all relevant navigation/survey sensors on node vessel, source vessel and subsea ROV preferably by third party but exceptions can be made if historical control points can be used to measure from with adequate precision.  In this case, it must be validated by the client.
Calibration reports will be made available to the client prior to survey start
Common Positioning Systems
Vessel DGPS systems should be verified as per procedure: 
932-NAV-PRO-00164-RA Dynamic Calibrations
Vessel Heading and Attitude/Motion sensors should be calibrated as per procedure: 
932-NAV-PRO-00164-RA Dynamic Calibrations
Source Vessels
Source RGPS systems should be verified by crew at minimum using methodologies listed in section 7 of following procedure: 
932-NAV-PRO-00162-RA Verification of RGPS
Echo sounder to be verified using the following SBGS procedure:
932-NAV-PRO-00199-RA Echosounder Check
ADCP should be calibrated whilst at sea and preferably close to the survey area as per procedure: 
937-NAV-TCN-00193-RA Nortek ADCP calibration at sea or other manufacturer instructions.
Node Vessels
PHINS installation misalignment for heading pitch and roll should be verified via crew checks at sea as per procedure:
933-NAV-PRO-00325 PHINS installation misalignment calibration offshore
Valeport SVP/CTD should have a valid service and calibration certificate dates with a validity of 2 years or as per manufacturers requirements.
PHINS/DVL alignment certificate and calibration parameters should be provided by manufacturer or reputable service company.
ROV Bathy and Altitude Sensors should be verified by manufacturer or reputable service company with certificate validity as per manufacturers requirements.
Vessel USBL Calibration should be performed before the start of the survey using procedures defined by the manufacturer and include at minimum a 5 cardinal point test, with a spin from the middle point.  USBL calibration should be performed at a water depth representative to the water depth found on prospect.  If practical the USBL calibration should be carried out on prospect.
Final subsea positioning test should be conducted by situating each ROV vehicle up against a known subsea location where possible.  Information preferably provided by client where possible.
[bookmark: _Toc16770934]Revision History
	Revision Number
	Compiled
	Comments / Edit
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	1.0
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	2.0
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	Brent O’Brien

	5.0
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	6.0
	Tim Bunting
	Updated the source specs to include a maximum number of bad consecutive shots.
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	7.0
	Remi Predal
	Updated data formats
	

	8.0
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