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OBS Positioning Primer
1. Positioning acoustics (e.g. USBL)

� Accurate … if well executed … but 
expensive in time and equipment

2. Dedicated first break positioning lines
� Extra time, but no extra equipment
� Coarse observable … and too few of them

3. Wide-azimuth, far-offset first breaks
� Uses existing production seismic data
� Benefit of large-population statistics

4. Linear Move Out (LMO)
� Subjective vis-à-vis least squares estimation

Hydrometronics
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Theses of the Presentation
• Wide-azimuth, far-offset first breaks are,  

depending on Snell’s Law and the 
configuration of the picking algorithm, 
mostly, but not necessarily, refracted

• First breaks are a coarse observable 
compared, for example, with USBL …

• … but wide azimuths and far offsets  
compensate for that and empower the 
modeling of velocity gradients, angular 
source-array response, anisotropy and 
oscillator drift in OBN

Hydrometronics
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Positioning Example Discussed
• FairfieldNodal 2014 OBN survey in 

Walker Ridge in the Gulf of Mexico
• Approximately 2100 meter water depth
• 300,000+ shots/node, 12-second records
• 9km circular offset (excellent geometry)
• 254 square kilometers of shots per node
• 3-month occupation by Z3000 node
• I divide the data into nine (9) mutually-

exclusive, amply-populated zones (rings 
or annuli) to investigate first-break 
positioning repeatability

Hydrometronics
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Drift to the SE with increasing offset 
at 2,088m water depth

(0,0)
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9 km

Google Earth data by SIO, NOAA, U. S. Navy, GEBCO

Depression to 
the SE

Line direction: 
30°/210°
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Ring (zone) 3, 2650 to 3150ms, about 3.8km offset

4th-order Fourier series regression line in red

Hydrometronics
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Ring 3 anti-anisotropy

Hydrometronics
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1300ms to 6150ms offset

Hydrometronics
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12 seconds of data over 
the top of the node

9 km
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6.2 seconds of data over 
the top of the node

9 km
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Pretty much the same results with or without anti-
anisotropy applied and in either 3-D or 2-D mode

120°
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Questions
• Is scale factor in the UTM grid affecting 

positions and the residual plots?  No.
• Is the apparent anisotropy an angular 

source-array response in the water?  This 
is plausible.

• Could changes in water temperature affect 
the velocity of propagation of sound during 
the 3-month occupation of the node?  
Maybe, but no data to model that effect.

• Or … is there drift in the node’s oscillator?  
This can be modeled.

Hydrometronics
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The radial distances from the  
position of inner ring 1 show a 
nearly linear trend as a function 
of the SD in days of the shots 
into the  respective rings
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Heuristic “Drift” Computation

• Ring 1 to 9 radial distance = 5.28 meters
• Ring 9 occupation = 73.8 days
• Velocity of sound = 1.5 m / ms

• 2 * 5.28 / 1.5 / 73.8 = 95 � s per day, or

• 7 ms for the entire occupation of ring 9
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Repositioning after modeling 95 � s/day oscillator drift
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2m radius

Hydrometronics
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1-meter radius,
0 to 7.2km offset,

oscillator drift 
compensated

Hydrometronics
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Conclusion - Abstract
• Surveyors value redundancy of 

observation and technology
• USBL is well-developed technology with 

many observations at node deployment
• But first-break picks derived from an 

abundance of existing production seismic 
data are a very different, complementary 
technology, a second-opinion on node 
position or one that augments sparse 
acoustics (in OBC, for example)
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Conclusion - Presentation
• Oscillator drift is an acknowledged reality 

for ocean-bottom nodes
• In situ drift is usually linear on average, 

but jarring motion (e.g. deployment, 
retrieval) can upset that linearity

• Therefore, a method of calibrating drift in 
situ is desirable and valuable

• I have described such a method (“drift” in 
quotes) using wide-azimuth, far-offset, 
first-break positions
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Summary of Conclusions

• Wide-azimuth, far-offset first breaks can 
provide positions comparable to USBL

• Wide-azimuth, far-offset, first-break 
positions can model in situ oscillator drift 
in a ocean-bottom node 

• Addendum follows
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Addendum
• A comment after the presentation of this paper was that positional 

shift with increasing annulus number could be explained by 
(changing) water velocity and that water velocity can be solved for

• Slide 17 already acknowledged that changing water velocity could
account for the positional shift, but that there was no data 
provided to model that effect

• The HmFBA software used in this analysis does solve 
simultaneously for position and water velocity as seen in slide 13

• Solving for velocity as a function of time is another matter 
because grouping the picks as a function of time destroys the 
balance in geometry required for competent positioning

• Given a node position one can easily solve for velocity as a 
function of time by inversing source and node positions, but 
solved velocity then becomes a function of the node position 
chosen (e.g. USBL deployment, retrieval, or one of the annuli)

• Subsequent to this presentation FairfieldNodal provided PIES 
(pressure inverted echo sounder) data correlated with the position 
and occupation of the node analyzed

• This addendum explores the positioning consequences of the 
PIES data provided. Plots follow.

Hydrometronics
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PIES data (5-minute intervals) provided by FairfieldNodal for a 77-day period 
contemporaneous with the occupation of the subject node.  Velocity of sound 
in water increases by an average factor of 1.0026 for the period of occupation 
(with some undulations that are not modeled in what follows).  Since the latter 
velocities are faster (and in the east given the shooting sequence), they push 
the increasing annulus positions to the west as seen earlier in this paper.  
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Positioning results after modeling the average 1.0026x increase 
in water velocity as a function of time.  Annulus 6 is clearly an 
outlier, perhaps due to modeling an average water-velocity 
increase and not mapping the epoch-by-epoch, undulating 
increase, which is not possible due to the lack of a common time
reference.  Nevertheless, changing water velocity does explain 
the positional shift to the SE as a function of annulus number 
observed earlier.  
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Conclusion - Addendum
• Sound velocity data are critical for long-

occupation nodes for both first-break 
positioning and for seismic processing.

• Nevertheless, the (second) conclusion of 
this presentation is not vitiated.

• Some nodes can have small calibrated 
oscillator drift; other nodes can have 
large calibrated oscillator drift.

• The methods herein can solve for that 
drift, but VP in water must be accounted 
for with observed data (such as PIES).    
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