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1 GENERAL INFORMATION

1.1 Vessel and Processing System Specifications

Seismic data QC within RXT is handled in two phases, online QC and offline QC. Online QC
is defined as that QC which happens during the recording phase or immediately after. This
was handled by the Instrument department onboard the M/V Vikland. Offline QC begins upon
retrieval of the data bucket and continues through final tape delivery to the client. The
Seismic QC department onboard M/V Vikland handled the offline QC.

Seismic acquisition commenced on the Volve 4D-4C survey on the 28" September 2010 after
a transit from the previous survey for Statoil at the Njord field.

The Seismic QC Department was equipped with some of the best hardware and software
technology available for this type of Ocean Bottom Cable acquisition. High capacity media
devices were employed in order to meet the large volume of data acquired (Appendix 11.1).
Bulk data handling was achieved using the Data Bucket Unloader or DBU (from lon), while
processing and geometry QC were accomplished using the Vista package from GEDCO.

1.2 Department Personnel

The Seismic QC Department consisted of one Chief and two to three QC Geophysicists per
rotation. Seismic QC activities were ongoing 24 hours per day.

M/V Vikland
Rotation A Rotation B
Chief Seismic QC David Woollatt Chief Seismic QC Kelly Redden
Chief Seismic QC Chamam Zulkarnen Chief Seismic QC Alastair Fergusson
Senior Seismic QC | Atanas Vasilev Senior Seismic QC Ken Chapman
Seismic QC Taylor Patterson

Table 1. Seismic QC Personnel offshore

Onshore RXT QC and Marketing Geophysicist, Anthony Mathieson, liaised with the client in
order to meet the survey’s Geophysical objectives.
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2 SURVEY DETAILS

2.1 Start-up Recording Parameter Test

The VSO hydrophone has an adjustable pre-Amp recording gain parameter that should be
tested prior to the commencement of any survey. The dB gain settings available for this
parameter vary every 6dB between 0db and 36dB. The pre-Amp gain setting controls the
level of gain applied to the hydrophone prior to being recorded to disk. A pre-Amp gain
setting too high will lead to the direct arrivals being overdriven which will severely impact the
quality of the hydrophone — geophone summation testing. A pre-Amp gain setting too low will
reduce the amplitude resolution attainable for the survey thereby impacting the overall
seismic quality.

The hydrophone gain parameter was set at 6dB for the Volve survey after discussion with
Statoil and after initial testing done on the previous Statoil survey in Njord.

2.2 Survey Location and Layout
The Volve survey was located in the Norwegian sector of the North Sea, in Block 15/9.
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Figure 1. Survey Area
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Figure 2. Project layout.

The survey comprised two static spread swaths of 8 x 6km receiver lines each. Swath 11 was
desiginated as the southern 8 receiver lines (nominally numbered 1-8) and Swath 12 was
desiginated as the norther 8 receiver lines (nominally numbered 9-16).

Sail-lines were acquired in each swath such that the required offsets of 3000m inline and
975m crossline were achieved into all receivers. A special case was made for receiver lines
nominally numbered as RLs 10 and 11 in swath 12. These receiver lines were kept active for
all sail-lines up to the northern boundary of the survey thus achieving a maximum crossline
offset of 2375m.

Both receiver lines and sail-lines were oriented in the 104°/284° line direction.

2.3 Source and Ground Station Numbering

The line naming convention for this survey consisted of 8 digit shotline numbering, and 7 digit
receiver line numbering. A shotline number was made from a 2 digit swath number, 1 digit
Statoil direction code, 4 digit preplot line that incremented by 8 each line, and an attempt
number which starts at “0” for the first prime shoot or first receiver line lay. Each receiver line
then consisted of a 2 digit swath nubmer, 4 digit preplot line, incrementing by either 16 or 32,
and a 1 digit relay code. The relay code started at “0” and incremented by 1 for each
subsequent cable deployment on the same location.

X = preplot line (4 digits)

D = direction code (1 digit) Sail line only, “1” this survey indicating inline swath shooting
P = swath (2 digits)

| = attempt number (1 digit) “0” indicates prime, “1” indicates first reshoot or relay

Shot Line
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PPDXXXXI

Receiver Line
PPXXXXI

The final SEGY tapes were delivered with the above line naming conventions. The shot line
numbering as recorded in the field was different in order to aid acquisition organizational
convenience.

X = preplot line (4 digits)
| = attempt number (1 digit) “0” indicates prime, “1” indicates first reshoot
S = sequence number (4 digits) starting with “0001”

Shot Line
XXXXISSSS

All final deliverable products were manipulated such that the Statoil naming conventions were
observed.

2.4 FFID, Channel and Sensor Numbering

The VSO system is integrated with the Gator database that contains the survey info. The
native data headers in the recording buoy are survey related headers: source line, receiver
line, shot point and station number. Also a time stamp is recorded for each file.

The channel number is assigned later on in the data flow by the DBU. Each 4C node
comprises 4 consecutive channels that are ordered by 1) hydrophone, 2) Z component, 3) X
component, 4) Y component. A 240-node cable will record 960 channels. Channel 1 is
located at node 1 which IS at the buoy end of the cable, and channel 960 is at the tail end.

Node 1: channels 1 - 4 -—----—---——--——- > Node 240: channels 957 -960

Because each buoy records data only for the cable that it is attached to, and accumulates
shots over a number of sail lines, it is unlikely that assigning FFID by sequential numbering
will result in consistency between receiver lines. FFID and channel are the primary headers in
more dated recording systems, requiring relational info (via obs logs and/or SPS files) to
assign the shot point and station headers required for processing. It is acknowledged here
that VSO data does not have the same requirements. FFID is therefore assigned arbitrarily as
the same as the shot point number to maintain consistency across receiver lines.

The DBU assigns the FFID and Channel headers in the data transcription stage. At this point
the system creates an online SPS relational ‘X’ file that maps channel to station and FFID to
shot point. The X’ file also provides information on what data has passed through the
transcription process and cross checks this with what data is expected according to the Gator
system. Discrepancies are highlighted.

Sensor Numbering

HY (Hydrophone) component 1
Z (Vertical) component 16
X (In Line) component 17
Y (Cross Line) component 8

2.5 Field Parameters

Recording System:
Recording system : ION 24-bit Vectorseis
System manufacturer . Input/Output
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Record length : 10 seconds
Sample rate : 2msec
Low cut filter Hydrophone : Out
Low cut filter MEMS : Out

High cut filter @ 2 msec

Type of filter, (operator selectable)
Hydrophone pre-amplifier gain
(operator selectable)

Hydrophone recording mode
(operator selectable)

Recording format

Deliverable format

Tape type

Cable System:
Cable

Cable Manufacturer
Number of Cables

Cable Length
Hydrophone, p component

Accelerometer, z component
Accelerometer, x component
Accelerometer, y component
Receiver group length
Receiver group interval
Number of receivers

Lead-in cable(s)

Source Parameters

Shot Interval
Number of sources
Source Separation
Source Depth
Source Volume
Source Pressure
Sub-Arrays/Strings
Sail Line Spacing

. Cut off freq: 176Hz (not selectable)

Slope: 261dB/Oct (not selectable)

. Minimum Phase

: 6dB

. Differential

. Proprietary

: SEGY

: 3592 EO5 500GB tapes

. Vectorseis OBC

. Input/Output

. 8 cables in use / 8 per deployment
: 5975 m each cable

: Type: HTI-97-DA

Sensitivity: 24 Volt/Bar

. VectorSeis

. VectorSeis

. VectorSeis

. O meters

. 25 meters

: 240 each cable
. 1000 meters

. 25 meters

: 2 (Flip-Flop)
: 50 meters

. 6 meters
13990 cu. in.
: 2000 psi

16

: 100 meters
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2.6 Source Details
Array 3 3990—D6—S7p5—2000 HEB+- - Tnactive guns
“- Single guns
Total volume : 3990.0 cubic inch - Cluster guns
| | | Il
15 = -
10 . -
12 |50 D04~ E0s-
3 I
s : 51
e o — -
=5 3 3 4 [
‘ 23 )
HE- — o s
-10
-15 | L
T T T T T
-5.0 25 0.0 25 5.0 75 10.0 125 15.0 17.5 20.0

Figure 3. Gun Array Diagram
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SQURCE ARRAY LISTING
Source array name : 39%0-D6-87p5-2000

Lrray created by Nucleus version 6.5.4
Rrray created by Marine source modelling version 5.2.4

Number of active guns 36
Total active volums - 3990 CU.IN.
Number of spares guns 0
GUN GUN X >4 Z VOLUME PRESSURE DELAY CLUSTER
# TYPE (m) (m) (m) (cu.in) (psi) (ms) NUMBER
1 14 0.00 7.50 6.00 70 2000 0.00 0
2 14 2.00 7.50 6.00 100 2000 0.00 (5
3 14 4.50 7.00 6.00 120 2000 0.00 1
4 14 4.50 8.00 6.00 120 2000 0.00 1
S 14 7.50 7.00 6.00 250 2000 0.00 2
6 14 7.50 8.00 6.00 250 2000 0.00 2
7 14 10.50 7.00 6.00 100 2000 0.00 3
8 14 10.50 8.00 6.00 100 2000 0.00 3
9 14 13.00 7.10 6.00 70 2000 0.00 4
10 14 13.00 7.90 6.00 70 2000 0.00 4
11 14 15.00 7.20 6.00 40 2000 0.00 5
12 14 15.00 7.80 6.00 40 2000 0.00 5
13 14 0.00 0.00 6.00 70 2000 0.00 v}
14 14 2.00 0.00 6.00 100 2000 0.00 u]
15 14 4.50 -0.50 6.00 120 2000 0.00 6
1¢ 14 4.50 0.50 6.00 120 2000 0.00 6
7 14 7.50 -0.50 6.00 250 2000 0.00 7
18 14 7.50 0.50 6.00 250 2000 0.00 7
19 14 10.50 -0.50 6.00 100 2000 0.00 8
20 14 10.50 0.50 6.00 100 2000 0.00 8
21 14 13.00 -0.40 6.00 70 2000 0.00 9
22 14 13.00 0.40 6.00 70 2000 0.00 9
23 14 15.00 -0.30 6.00 40 2000 0.00 10
24 14 15.00 0.30 6.00 40 2000 0.00 10
25 14 0.00 =ta50 6.00 70 2000 0.00 u]
26 14 2.00 =t 50 6.00 100 2000 0.00 ]
27 14 4.50 -8.00 6.00 120 2000 0.00 11
28 14 4.50 -7.00 6.00 120 2000 0.00 11
29 14 7.50 -8.00 6.00 250 2000 0.00 12
30 14 7.50 -7.00 6.00 250 2000 0.00 2
31 14 10.50 -8.00 6.00 100 2000 0.00 13
32 14 10.50 -7.00 6.00 100 2000 0.00 13
33 14 13.00 -7.90 6.00 70 2000 0.00 14
24 14 13.00 -7.10 6.00 70 2000 0.00 14
35 14 15.00 -7.80 6.00 40 2000 0.00 15
3€ 14 15.00 =520 6.00 40 2000 0.00 15

THE GUN TYPES ARE:
14: G-GUN

Figure 4. Gun Array Listing
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Source Directivity Plot - frequency : 30.0 Hz. - array 3990-D6-S7p5-2000

+90

Streamer
[ J— - I, -

-90

Azimuth angle marked in degrees.
Angle of vertical (0 - 45.0 degrees) plotted along radii.

N e

-24 -18 -12 -6 0

out - 187Hz VSO filter

Source Directivity Plot - frequency : 60.0 Hz. - array 3990-D6-S7p5-2000

Azimuth angle marked in degrees.
Angle of vertical (0 - 45.0 degrees) plotted along radii.

s, [ |
-24 -18

-12 -6 0

out - 187Hz VSO filter
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Source Directivity Plot - frequency : 90.0 Hz. - array 3990-D6-S7p5-2000
+90
g o
Boat f “‘\‘ Streamer
\
== 180 : 0 e — -

90

Azimuth angle marked in degrees.

Angle of vertical (0 - 45.0 degrees) plotted along radii.

normalised amplitude (dB) _ | ! | !
-1

-24 -18 2 -6

out - 187Hz VSO filter

Figure 5. Source Directivity Plots

2.7 Far Field Signature

Far field signatures for the source described in the previous section are shown on the

following page.

o Differential

This filter both differentiates and applies recording filter to the unfiltered source signature. If
the Client chooses to deconvolve in the acceleration (differential) domain, this filter should be
used for Deconvolution of the accelerometer data and hydrophone data in differentiated

mode.

The far-field signature listing is provided in Appendix 11.2.
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Farfield signature : 3990-D6-S7p5-2000
Distance: 9000 m  Azimuth: Odeg Dip: 0deg
T
r \‘? Primary @ 62.0 barm Source depth @ 6.00m B
If Peak-peak : 114.9 barm Streamer depth : 0.00 m
50 + P/Bratio : 23.1 Filter: Out - 187.0/260 ]
|
bar m L ‘ Period (+/-) : 80.2/ 149.8 msec Volume 1 3990 cu.in.
‘ Pressure : 2000 psi
L H Ghost strength : -1.00 4
| | Sea temperature: 10.00 C
r ‘ H ‘Water velocity : 1490.0 m/s b
|
| H ]
!“ ‘ i ““I' O
0 \Ilwiu I v, = =
I &
L ‘ ‘ M“ i ]
il
L ‘ | " 4
L “‘ | 4
50+, =
} 1
0 200 400
msec

Figure 6 Field Signature

Amplitude spectrum of farfield signature : 3990-D6-S7p5-2000

Distance: 9000 m

Azimuth: 0 deg

Dip: 0deg

200 +

abs dB

180 +

160 +

140 T

out - 187Hz VSO filter

Figure 7. Far Field Signature Amplitude Spectrum
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Farfield signature : 3990-D6-S7p5-2000

Distance: 9000 m  Azimuth: Odeg Dip: 0deg
T ‘ T
| Source depth 6.00 m
Streamer depth : 0.00 m
Filter: Out - 188.0/260

20 + ‘ Volume © 3990 cu.in.
barm ﬂ‘ ‘ Pressure : 2000 psi
|‘ ‘ ‘l Ghost strength @ -1.00

‘ ‘ Sea temperature: 10.00 C
| ‘ h || . Water velocity : 1490.0 m/s

0 200 400
msec

Figure 8. Derivative Far Field Signature

Figure 9. Derivative Far Field Signature Amplitude Spectrum

2.8 VSO System Impulse Response

Graphical displays are provided on the following pages which show the VSO system impulse
response for the hydrophone and accelerometer sensors. The VSO system impulse
response listings is provided in Section 11.3 (pressure response only as provided by ION).
Note that the accelerometer impulse response is very similar to the P response except for a
small difference at the low freq.

It should be apparent from looking at the displays that the system response (and therefore the
far field signature) has a 10 ms delay. The correction for this delay was not done in the field.

The ringing in the impulse response is caused by the sharp anti-alias filter at % Nyquist. The
data processing contractor will want to use a more gradual slope for the anti-alias filter prior to
re-sampling the data to 4ms.
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Figure 11. Accelerometer VSO System Impulse Response
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3 SEISMIC QC METHOD

3.1 Overview

The Seismic QC method employed can be broken down into two essential stages; that which
took place in real time or near real time, and that which took place after the data was retrieved
from the buoy and loaded into the Vista offline QC system. Between these two stages, the
data was transcribed using the ION/Concept DBU (Data Bucket Unloader) system. These

various steps are described in detail in the following sections.

3.2 Flow Diagram

Data bucket
with recorded
VS0 data

Download through DBU
(Data BucketUnlodaer)

Raw Data

Backup
Tape

VISTA SEISMIC PROCESSING

I '

Select HY Data, QC Data for Bad Shots and
Truncate to 1 sec Receivers
¥ ¥
Pick First Breaks and Flag Shot Point and
Deliver to Navigation Ground station Edits
L4 ¥
Check Final navigation N Apply Corrected
Geometry

|

Copy of Final SEG-Y
Final SEG-Y | Tape
Tape

|

QC Copy Tape, Brute
Stacks, Post Plots, and Fold

Figure 12. VSO Data Flow
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4 VSO SENSOR ROTATION

4.1 Introduction

The objective is to highlight the key features of the VSO recording system, in particular the
‘VOR’ process of rotating the 3C sensor to 1 vertical and 2 horizontal axes.

This document is intended for external distribution. Acknowledgement is extended to ION
Geophysical Corp. who assisted with displays and explanations.

4.1.1 Glossary of Terms

VSO Vectorseis Ocean

VOA Vertical Orientation Angle

VOR Vertical Orientation Rotation

HOA Horizontal Orientation Angle

HOR Horizontal Orientation Rotation

HPR Horizontal Polarity Reversal

NODE The 4C module comprising 1 hydrophone + 3 MEMS accelerometers
MEMS Micro Electrical Mechanical Systems

DBU Data Bucket Unloader

412 The 3C Sensor

The VSO 4C node comprises a hydrophone and 3 MEMS linear accelerometers aligned
orthogonally. The latter is referred to as the 3C sensor. Each accelerometer measures
acceleration in units of gravity g. [1g is approximately 9.8 m/s2].

The sensors are mechanically fixed to the sensor package. One of the accelerometers (the ‘X’
sensor) is fixed along the cable axis parallel to the sensor housing. During deployment the
other 2 accelerometers (the ‘Y’ and ‘Z’ sensors), being orthogonal to the cable axis, are
oriented unpredictably at any particular station. Positive acceleration is recorded in the
direction of the sensor axis.

% Y (sensor 1)

Towards tail of the array

Towards node # 1
(Towards buoy/recorder and
through the hydrophone)

Z (Sensor 2)

Figure 13. VSO 3C Node Orientation
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The VSO system has self-contained functions to self-determine each sensor’s orientation to
vertical, and to automatically correct the sensor component data to a consistent orientation.
The full rotation process includes three important coordinate frames that are discussed further
in Section 3:

1) Sensor Frame
2) Cable Frame

3) Prospect Frame

The transform from sensor to cable frame is the VOR transform. This rotates the sensor
frame to one axis true vertical and two axes true horizontal alignment. The rotation preserves
the sensor heading with the axis of the cable.

The transform from cable to prospect frame is the HPR transform (or cable flip). This inverts
the cable’s coordinate frame whenever cables are placed back-to-back or in a serpentine
fashion.

The prospect frame, representing the final state of all data rotations, is the basis upon which
the Seismic Image data is output from the VSO system

4.1.3 The Right Hand Rule

The VSO node design follows the right hand rule as depicted below (ref. Sensor Frame). For
a three dimensional Cartesian coordinate system, the relationship of positive axes of x, y, and
z follows the thumb and next two fingers of the right hand respectively. For example, if
positive Z is vertically down, then positive Y is always to the right while facing the direction of
positive X.

The application of cable flip (ref. HPR) is equivalent to a 180 deg rotation about the vertical Z-
axis; it is necessary to reverse the polarity of both X and Y sensors to preserve the right-hand
rule.

X - inline (sensor 3)
Y - crossline (sensor 1)

Connector
alignment slot

Z - vertical (sensor 2)

Figure 14. The relative orientation of the 3 sensors corresponding to the right hand rule.
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4.1.4 VSO Acquisition Overview

Unlike other OBC recording systems, each VSO cable is attached to a recording buoy (figure
13). This allows flexibility in deploying cables, and the deployment itself can be in the forward
or reverse direction (i.e.; the buoy sits at the start or end of a given preplot line). In normal
operations a VSO cable comprises 240 nodes (or 960 channels of 4C data).

Deployment &
Shooting Vessel

* L %
= .

2 3 |

o m— Subsea Float 4>go? |

Lead-in Cable > ‘

Recording Buoy

Repeater >
(optional)

Anchor
sSensor Section Cable

Sensor Nodes

¥ 4 2 y X T4

Figure 15. VSO buoy based acquisition

VSO is integrated with the Gator navigation system to define a relationship between node
number (VSO) and station number (Gator). In the case of a cable looping over 2 or more
preplot lines, Gator will also relate nodes to individual line number.

The recording buoy is always deployed after the cable and is retrieved before the cable. It is
attached at the end of the cable where node 1 is, so that node 1 is the last to spool off the
vessel. A lead-in cable connects the cable at node 1 to the buoy.

The cable is engineered so that the X sensor points toward the buoy (ie. the positive X
direction is along the cable toward the buoy). A cable may be laid in the reverse direction
(with respect to the prospect frame) for operational efficiency, such that a survey will
ultimately comprise both forward and reverse laid cables, and therefore conflicting polarities
of the horizontal components.

These acquisition features are coded in the VSO SEGY. At a later stage in the data flow the
system establishes consistency in polarity of the horizontal components, effectively by
orienting the cables to be all in the same direction (ref. HPR).

415 The Recording Buoy

Each recording buoy contains both a recorder and a QC computer. The raw VSO files are
written to a redundant array of disks (variable size but usually 500Gb) that are connected to
the recorder via daisy chained Firewire. These disks are contained in a rugged cylindrical
data ‘bucket’ that can be readily detached (and re-attached) once the buoy has been taken
onboard. Each buoy records the data for only one cable.

Immediately after recording a copy-convert process writes a copy of the data to the QC
computer disk. These files on the QC computer form the basis of all real-time attributes
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generated for QC. They also provide an independent secondary raw dataset in the event that
the data cannot be read from the primary source.

There are 2 radios attached to the buoy that communicate with the master vessel. The higher
bandwidth 2.4 GHz link allows for QC information to be relayed to the master vessel,

including full attribute analysis, raw shots, etc. The 900 MHz radio allows the master vessel to
communicate with each buoy / cable and synchronize recording. A limited amount of QC data,
typically the RMS noise values for each trace, is also transferred over the 900 MHz link (figure
14).

MASTER VESSEL

Gator DSN VSO ac
| Displays
QcC Transport
— Dmemen 900 MHz || 24 GHz
~— 1 I Ra.ui.io Ra.ui.io Co:?olfa‘t:ion Qc Transport

o § VSO Attribute Link Link e o Daemon
55 |
ow Generator
E m
¥

Towrosn]|
[oserom |

Data in

RECORDING BUOY

Figure 16. VSO Vessel-Buoy Communication

4.1.6 The Data Bucket Unloader (DBU)

The DBU is that part of the recording system that resides onboard. The functionality includes
the following:

Transcribing. The DBU inputs raw VSO data from the buoy disks, or as a contingency it can
read from the QC computer. Output is to SEGY on disk.

VOR rotation. Output is one axis true vertical and two axes true horizontal alignment.

HPR rotation. Reverse laid cables are flipped. The cable lay geometry is defined in Gator and
the forward direction is defined by decreasing station number.

Header processing includes merging preliminary navigation data with the seismic, and header
flags are created for several state-of-health checks performed by the system on itself
(separate to instrument tests).

The DBU is integrated with the VSO Web Database that manages the bookkeeping for the

survey, creates a relational SPS ‘X’ file, and cross-checks what has been acquired to what is
expected to be acquired.

Note that data processing is limited to only VOR and HPR. These processes are reversible.
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4.1.7 VSO Data Flow Summary

IN FIELD ’

’ ONBOARD

o o
PLATFORM (SEGY)

INITIAL
GEOMETRY <
& VECTOR
ECHO SOUND ROTATION
+ ACOUSTIC
INFO

TRANSCRIBER

(VSO: DBU)

NAV
PROCESSING

ACOUSTIC
INFO

Figure 17. VSO Data Flow schematic

A generalized chronology of the VSO Data Flow is as follows.

# STEP DESCRIPTION

Data Recording Data is recorded in internal format to the multi-disk array inside the buoy.

2. Online QC Seismic attributes computed in the QC computer in the buoy are relayed to master
vessel. Decisions made regarding line acceptability before cables are rolled.
Data Transfer After buoy retrieval, data is transferred from the buoy disks to computers onboard.
4 Processing VOR and HPR applied to trace data. Preliminary geometry uploaded to the seismic
headers.
5 VSO SEGY Raw Data output in SEGY format to disk.
Output
6 Offline QC Create final SPS data, data edits, and final obs logs
7 SEGY Output Final Data output in Client SEGY format to tape with final SPS info uploaded to data

headers. Non-chargeable data (e.g. NTBP lines, etc.) removed from dataset.

In Step 3, data is transferred from the field to the vessel computers in two ways:

The buoy is recovered onboard the cable vessel where the QC processing is housed, the raid
disks are removed from the buoy and hooked up directly to the DBU.

The buoy is recovered onboard a cable handler where the QC processing is not housed, a bit-
bit copy of the raw data is made to separate disks that are dispatched to the main cable
vessel.

Steps 3-5 are all carried out in the DBU. The DBU front-end software resides in the
instrument room with the QC computers.
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Step 7 is optional, in that it does not provide extra info to the deliverables created in steps 5
and 6.

4.2 VSO Rotation Attributes

421 VOA

The system intrinsically determines the vertical orientation angle (VOA) for each sensor via
gravity measurements. With this information the system applies VOR, which is a rotation of
the 3 axes digitally (i.e. via processing) so that the X and Y sensors are aligned horizontally
and the Z sensor is aligned vertically down.
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Figure 18. Depiction of the 3C sensor and the VOR process.

Note that the VOR process can be turned off in the Data Bucket Unloader (DBU) strictly for
test purposes.

VOA is recorded by the system in units of radians * 10000 and is always positive (ranging 0 to
31416, zero being vertically up). In the VSO SEGY archive tape it is saved automatically as a
short integer at bytes 205-206.

VOA(X) is the angle from vertical of the sensor aligned along the cable axis; it is generally
close to 15708 (i.e. 90 degrees.) if the seafloor is flat. VOA(y) and VOA(z) vary unpredictably
from node to node.

The as-laid sensor orientation from the vertical axis is determined along the following steps:

The system records a DC measurement for each accelerometer at every SP. This gives the
projected (vertical) gravity in units of gravity g, ranging from -1 to 1.

The orientation angles are related to gravity according to the relations below:

g(x) = cos (VOAXx/10000)
g(y) = cos (VOAy/10000)
d(2) = cos (VOAz/10000)
where g (x), g (y), g(z) are the components of gravity for each of the sensors.

4.2.2 Vector Fidelity
Vector fidelity infers that particle motion along the axis of one sensor registers a full wave

recording at that sensor, and zero at the 2 orthogonal sensors. To achieve this, accurate VOR
and sensor fidelity are required.
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