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Orange, et al., (FEMME, 2023) SBP29: a Quantum Leap in Sub-Bottom Profiling
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SALLY RIDE SR2207 Santa Barbara Anticline Fence Diagram.

Perspective o This is a traditional “Fence
View from South Al NS Diagram”, with perpendicular lines.

Next: SBP29 acquisition showcasing what
you can do if you are NOT towing a
streamer, or shooting prependicular lines.
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Orange, et al., (FEMME, 2023) SBP29: a Quantum Leap in Sub-Bottom Profiling
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Survey designed with straight
line segments with waypoints
between pockmarks.

The bridge.

lines cross encloses the pockmark.

The bridge knew that the waypoints
didn’t matter, and that what
mattered was as-shot lines crossing
inside the parallelogram, as close as
possible to the center point.

—
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Shelf high-angle faulting.
SBP29. 12.8 knots.
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Vessel acquisition speed 12.6 knots (~6.3 m/s). Note 70m (!!
of penetration with SBP29 3°x6° through 2cm titanium plate!
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Vessel acquisition speed 8 knots (~4 m/s). Note 70m (!!) of
penetration with SBP29 3°x6° through 2cm titanium plate!
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Eel River Basin: Humboldt Mega-Dune Field.
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“Slug” represents sea level high stand & low stand deposits.
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Current Data Handling Structure:

SBP-29 Workstation
* Acquisition parameters
* Frequency range
Pulse length/shape
Recording window
* Processing workflow
* Etc. ...
* Recorded data type

* .Raw (topas.raw)
» .SEG (sgy)

The problem:

Recording both datasets creates
redundancy that is costly for archive
centers with potential
inconsistencies between formats.
As SEG files are not raw, it is
possible that multiple processing
steps have been applied prior to
recording SEG format.

RAW

suvey =] | b w | |;| ® |

SEG

-

To access the raw data requires the SBP-29
operator system (operated in replay mode). This
is behind a paywall at Kongsberg and available
to scientists through the ship operator only.
Colleagues who access the data after a cruise
(e.g., on the R2R website) may not have access
to the SBP-29 operating system.

There are currently no free and freely available
third party software or code to access
TOPAS.raw data and convert it such that it is
useable in a seismic interpretation package
(e.g., Kingdom, Paradigm, etc.)

l




Current Data Handling Structure:

SBP-29 Workstation
* Acquisition parameters
* Frequency range
Pulse length/shape
Recording window
* Processing workflow
* Etc. ...
* Recorded data type

* .Raw (topas.raw)
» .SEG (sgy)

Currently, NSF-funded data are not
meeting open-access requirements for
scientists to access useable raw data.

Solution: Have Kongsberg host the
software on their existing software
access website.

RAW

suvey =] | b w | |;| ® |

SEG

To access the raw data requires the SBP-29
operator system (operated in replay mode). This
is behind a paywall at Kongsberg and available
to scientists through the ship operator only.
Colleagues who access the data after a cruise
(e.g., on the R2R website) may not have access
to the SBP-29 operating system.

There are currently no free and freely available
third party software or code to access
TOPAS.raw data and convert it such that it is
useable in a seismic interpretation package
(e.g., Kingdom, Paradigm, etc.)
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US East Coast. R/V NEIL ARMSTRONG. AR9%4

SBP29 vs Knudsen
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US East Coast. R/V NEIL ARMSTRONG. AR9%4

SBP29 vs Knudsen
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US East Coast. R/V NEIL ARMSTRONG. AR9%4
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US East Coast. R/V NEIL ARMSTRONG. AR9%4
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US East Coast. R/V NEIL ARMSTRONG. AR9%4

SBP29 vs Knudsen
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US East Coast. R/V NEIL ARMSTRONG. AR9%4

SBP29 vs Knudsen
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US East Coast. R/V NEIL ARMSTRONG. AR94
In a relatively quiet environment...

SBP29 vs Knudsen
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US East Coast. R/V NEIL ARMSTRONG. AR94
In a relatively quiet environment...

SBP29 vs Knudsen
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Data comparisons - SBP29
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Data comparisons - NYSERDA Ultra-Hi Res Seismic
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Data comparisons - NYSERDA UHRS
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Data comparisons - SBP29
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Data comparisons - OC270 Multi-Channel Seismic
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Data comparisons - SBP29
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Data comparisons - OC270 Multi-Channel Seismic
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Data comparisons - SBP29
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R/V NEIL ARMSTRONG, AR9%4

SBP29 line

“fence diagram” of various systems that see into the earth below the seafloor.

sSBP29 line
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SBP comparison. Same scale.

Water depth ~4960m.
Data acquired at 10.2 knots.
Realtime acquisition screen

SBP comparison. Same extent
for back-and-forth comparison

Linear chirp down 9 — 2 kHz.
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11 - 1 i

i ; Knudsen 3260 30° beamwidth
SBP comparison. Same scale. [ 50ms pulse lengih (215 dB)
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. EM-SBP 1° x 6°
SBP comparison. Same scale. ’

Parametric source level 202 dB @ 2 kHz
: Parametric frequency range 1 — 2.5 kHz.
Water depth ~4960m.
Data acquired at 10.2 knots.
Realtime acquisition screen

A= Status
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<20m penetration Faulting not
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EM-SBP 1° x 6°
Parametric source level 202 dB @ 2 kHz
Parametric frequency range 1 — 2.5 kHz.
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SBP comparison. Same scale.

Water depth ~4960m.
Data acquired at 10.2 knots.
Bjegrnar Langli Processed

All 3 SBPs were acquired at the same time
on the same line.

Unknown whether the EM-SBP shown is
from the EM Tx, SBP-29 Tx or Knudsen Tx.

To do: acquire EM-SBP *without* any other
SBP, and then compare to SBP-29 and
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range. 100ms delay due to 100ms down-chirp.

Faulting interpretable,
1 but not as clear as
, SBP--29

SBP comparison. Same extent
for back-and-forth comparison
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SBP comparison. Same scale.

Water depth ~4960m.
Data acquired at 10.2 knots.
Realtime acquisition screen

SBP comparison. Same extent
for back-and-forth comparison

Linear chirp down 9 — 2 kHz.
PEP -6 dB with SL =0 dB
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SBP comparison. Same scale.

Water depth ~4960m.
Data acquired at 10.2 knots.
Bjgrnar Langli Processed

SBP comparison. Same extent
for back-and-forth comparison
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SBP comparison. Same scale.

Water depth ~4960m.
Data acquired at 10.2 knots.
Bjegrnar Langli Processed

All 3 SBPs were acquired at the same time
on the same line.

Unknown whether the EM-SBP shown is
from the EM Tx, SBP-29 Tx or Knudsen Tx.

To do: acquire EM-SBP *without* any other
SBP, and then compare to SBP-29 and
Knudsen on the same line.

SBP comparison. Same extent
for back-and-forth comparison

EM-SBP 1° x 6°

Parametric source level 202 dB @ 2 kHz
Parametric frequency range 1 — 2.5 kHz.
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Faulting interpretable,
but not as clear as
SBP--29
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Water depth ~4960m.

R/V THOMAS G. THOMPSON SBP comparison. Same scale.

SBP-29 3° x 3°
100ms pulse length (215 dB)
Linear chirp down 9 — 2 kHz.
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SR2414 & HLY26TB SBP29 surveys image active right-lateral
strike-slip fault system offshore Oregon
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SR2414 (R/V SALLY RIDE)

Both surveys resolve similar stratigraphy and fault structure at this location.

~60m fault scarp | §




HLY26TB (USCGC HEALY [WAGB-20])

Both surveys resolve similar stratigraphy and fault structure at this location.

HEALY has more noise than SALLY RIDE, potentially due to slightly higher acquisition
speeds, weather sensitivity of the hull, or interference by 2cm titanium plate.
- HEALY exhibits packet loss during this part of survey (vertical white lines).

Overall, HEALY SBP29 shows quality imaging of fault structure at high acquisition
speeds.




SBP 29: Concluding Thoughts

Successful installation and SATs of SBP29 on R/Vs SALLY RIDE, NEIL ARMSTRONG,
THOMAS G. THOMPSON, and USCGC HEALY (WAGB-20). All 3°x6° except THOMPSON, 3°X3°.

SBP29 provides AUV quality SBP sufficient to image geology allowing for testable hypotheses
of timing and process (slope failure / slumps, faulting, anti-dune sedimentation, etc.).

SBP29 quality degrades with depth. We have acquired outstanding data at 3600m, useable
data at 5460m, but no identifiable reflectors 6000m or deeper. Wider basins with consistent
reflectors may yield better SBP at greater depths.

In “Apples-to-Apples” acquisition, SBP-29 acquires higher resolution and more penetration
than Knudsen, and adds spectacular detail to the upper sections of Ultra-High Resolution
Multi-Channel Seismic and long streamer Multi-Channel Seismic.

In “Apples-to-Apples” acquisition in ~3200m, EM-SBP, when acquired at the same time as
SBP-29 and Knudsen, can achieve resolvable horizons with penetration up to 65m. In this
comparison, SBP-29 images more / finer reflectors, and resolvable horizons to 80m.

NSF-funded data are not meeting open-access requirements for scientists to access useable
raw SBP-29 data (TOPAS.raw), hindering uptake. A solution would be for Kongsberg to host
the SBP-29 software on their existing software access website.



Survey markers - R/V NEIL ARMSTRONG 2024
(Anand’s, above; Aegis Dimensional Survey
Aegis, below) !

. We learned that laser surveys
are superior to total station
surveys. Please reach out to
DanO and/or Anand Hiroji for
more detailed discussion on
this, including how to revise
contract specifications for s |
Dimensional Surveys. ; | A Laser total station

Granite Block
(ship’s origin)

Aegis survey
target

R/V NEIL ARMSTRONG, AR81



Results: EM712

Keller Mound Seeps

Keller Area

Depth (m)
1 -100
b -160

R/V NEIL ARMSTRONG, AR9%4
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North Carolina shelf. Keller Mound Seeps. Detail. 50 :g .
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Background

Objective: use the SBP29 to obtain the geoacoustic properties of the seabed

Key geoacoustic properties:

e Compressional wave speed as a function of depth
Bulk density (porosity) as a function of depth
Compressional wave attenuation as a function of depth

An observable with high geoacoustic information content: frequency-
domain, wide angle reflection coefficient R [or Bottom Loss]

Enabling tech: SBP29 single element transmit mode (broad alongship beamwidth)
Source: SB29 (2-9 kHz)

Receiver: offboard single hydrophone, fixed on bottom mooring or drifting

R is the scaled ratio of the seabed reflected path and the direct path

receiver
i

seabed

Holland C.W., Henderson C.R., Sonnemann T., Langli B., and Orange, D.L., Seabed wide-angle reflection coefficient and source
radiation pattern measurements from a low frequency multibeam sonar, IEEE J. Oceanic Eng., 51(3), 2298-2313, 2026
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Measurements & modeling
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Santa Barbara Basin, So. California, 576 m water depth

Thickness Sound Attenuation Density
(m) speed (m/s) (dB/m/kHz) (kg/m>)
water 1486 0 1000

0.9 1455 0.02 1300
2.8 1500 0.1 1700
1.5 1445 0.03 1400
0.6 1514 0.1 1900
basement 1464 0.05 1700

Biogenic, summer
Terrigenous, winter
Biogenic, summer
Terrigenous, winter

quasi-periodic structure explains much of the data

Eel River shelf, Nor. California, 97 m water depth

Thickness Sound Attenuation Density
(m) speed (m/s) | (dB/m/kHz) (kg/m>)
water 1487 0 1000

0.6 1495 0.1 1600

basement 1535 0.1 1800

* Critical angle at 14° yields basement sound speed

* ridge-gap (2 arrows) due to constructive /destructive
interference. Their positions & amplitudes yield sediment
layer properties & some basement properties

* Scattering from interface roughness(es) and/or volume
heterogeneities obscures the interference pattern >20°



Summary

 demonstrated the ability to measure 2-9 kHz wide-angle seafloor reflection coefficient
(Bottom Loss) data using a single element of the SBP29 and 1 off-board hydrophone

 showed that the sediment sound speed, density, and attenuation structure as a function of
depth can be inferred from those data



SBP 29: Concluding Thoughts

Successful installation and SATs of SBP29 on R/Vs SALLY RIDE, NEIL ARMSTRONG,
THOMAS G. THOMPSON, and USCGC HEALY (WAGB-20). All 3°x6° except THOMPSON, 3°X3°.

SBP29 provides AUV quality SBP sufficient to image geology allowing for testable hypotheses
of timing and process (slope failure / slumps, faulting, anti-dune sedimentation, etc.).

SBP29 quality degrades with depth. We have acquired outstanding data at 3600m, useable
data at 5460m, but no identifiable reflectors 6000m or deeper. Wider basins with consistent
reflectors may yield better SBP at greater depths.

In “Apples-to-Apples” acquisition, SBP-29 acquires higher resolution and more penetration
than Knudsen, and adds spectacular detail to the upper sections of Ultra-High Resolution
Multi-Channel Seismic and long streamer Multi-Channel Seismic.

In “Apples-to-Apples” acquisition in ~3200m, EM-SBP, when acquired at the same time as
SBP-29 and Knudsen, can achieve resolvable horizons with penetration up to 65m. In this
comparison, SBP-29 images more / finer reflectors, and resolvable horizons to 80m.

NSF-funded data are not meeting open-access requirements for scientists to access useable
raw SBP-29 data (TOPAS.raw), hindering uptake. A solution would be for Kongsberg to host
the SBP-29 software on their existing software access website.



R/V NEIL ARMSTRONG 2024
Detyen’s Shipyard, Charleston
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