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Coherent refraction “noise” in multibeam data due to John E. Hughes Clarke, CCOM, UNH
oceanographic turbulence

disturbed outer-sector bottom tracking
(>+/-1%2)

HSL-016
EM2040D: 30m depth +/-75°

NOAA Ship TJ

EM710: 75m depth +/-75°
Sun-illuminated topography

EM2040S: 150m depth +/-65° EM710: 250m depth +/-65°
Sun-illuminated topography ‘8 Sun-illuminated topography
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10 years of Sonar Performance Assessment

Beam Accuracy Statistics
o Periodic Degraded Performance? Across the swath
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Dynamic Oceanogr‘aphy: undulating base of buoyant surface layer

10-200m 0.5-1 km Tightest MVP Spacing Tidal or Plume

<~ <> 1-5 km front
<

0.5-5 .
m Rough velocline

(short wavelength)

undulating velocline

(long wavelength)
Triggered by shear:

* when Sp/5z low Triggered by

. and du/dz high baroclinic tides:
* Higher op/0z

contrasts

5

Kelvin Helmholtz :
~ A= 10-200m,
h=0.5-5m
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John E. Hughes Clarke, CCOM, UNH

Coherent refraction “noise” in multibeam data due to
oceanographic turbulence

Undulating
Velocline

Velocline-
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John E. Hughes Clarke, CCOM, UNH

Velocline offset (%z)
case of 10m/s slower lower layer

Depth Error %Z
o

-IHO - Order 1
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Velocline tilt (degrees)
case of 10m/s slower lower layer

Tilted
towards

+20°
+15°

+10°
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Tilted
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John E. Hughes Clarke, CCOM, UNH

Static Bias
Due to vertical displacement

Slowly Changing Bias

Primarily displacement, minor slope

Rapidly Changing Bias

Minor displacement, predominantly slope
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Coherent refraction “noise” in multibeam data due to John E. Hughes Clarke, CCOM, UNH
oceanographic turbulence

Convergence through

Divergence through
_~Concave trough

Actual ray paths

Resultant Topography
Assumed ray paths

—_— e e e e

Enhanced \ Reduced
Intensity Intensity

S
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John E. Hughes Clarke, CCOM, UNH

Potentially confused with

Wobbles

(motion correlated)
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Deep-Water Wobbles?
(~100m thermocline in
1000-5000m of water)

Projected false- relief depends on:
Azimuth:

Magnitude:

Origin of many

Orientation of periodic undulations
Elongation across —swath (depth of velocline)

Sound speed contrast
Amplitude of undulation
Wavelength of undulation
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John E. Hughes Clarke, CCOM, UNH

Extracting Oceanographic Structure

From Water Column

** Lagrangian tracers™*

Align with thermoclines Ql B
NOT quantitative indicator \

Varying Gain
By 50 dB

HMCS Mackenzie Wreck
Water Column Nadir Curtain

U.S. Hydrographic Conference 2017
Galveston, TX 20-23" March.

10



Coherent refraction “noise” in multibeam data due to John E. Hughes Clarke, CCOM, UNH

oceanographic turbulence

100m ‘
ks k% Kk
10
NOT quantitative indicator
20
R 0

Middle Rocks Area |40

July 2005
HMS Endurance

Apparent 2D A

Si)und Speed (m/s)
495 1500 1505 1510 1515
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EM710

Test Areas
(Tortugas Shelf and Upper Slope)
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John E. Hughes Clarke, CCOM, UNH

Quantifying
Short -Periodic

Bathymetric anomalies
Using a
Reference Surface

Difference ap

s - e

52

%
%,

P

N

™ 35

Y J -]

A

70 N

S bk Sh

150

NS W N N
89

~52 a2 36

T
I

Reef
Targets)

L

24

_'_
o

20

4=

A
it

& 14
H~

p

4

.

3]
\2\?-\

a5

[#¥]
s
r~
e T g

s
e

[T R R
=

—

363

-1%

Difference (%age of depth)

U.S. Hydrographic Conference 2017
Galveston, TX 20-23" March.

13



Coherent refraction “noise” in multibeam data due to
oceanographic turbulence

(A) Vertical Section
— EM710 Water column

,,,,,,

John E. Hughes Clarke, CCOM, UNH

Horizontal
Slice

depth:

1480 sound speed 1550
(m/s)

(B) Plan View Horizontal Section - EvM710 water column

+1%§(C) Plan View Difference Map - with respect to reference surface
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Florida Current
EM710
USNS Maury
July 2016
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Internal Wave Packet Passage

NOAA Ship Thomas Jefferson
Field Trials - October 2016

Depth (meters)

0 Sound Speed Profiles at Bow Mariner Site, 2016-10-19
Times (UTC) : :
10 0609
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Sound Speed (meters / second)

3 sequential
50% overlapping lines
EM2040 ~ 110m of water.
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etry — Sun-llluminated
T

EM710 +/-75° — 75m of water - October 2016
BowMariner Calibration Site — New Jersey Continental Shelf
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How large are

the artefacts?
(w.r.t. IHO Order 1) +1HO =50 e,
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John E. Hughes Clarke, CCOM, UNH

Internal Waves
~10m amplitude,
100m wavelength

Superimposed Billows
5-10m amplitude,
20m wavelength
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oceanographic turbulence

In Conclusion:

As we improve our system integration,
Dynamic Oceanographic is responsible
for an increasing %age of our residuals,

+/-65° +/-70° +/-75° +/-82°

. o e
* Velocline Undulations.
Vertical perturbations and interface slopes.
1. Internal Waves - strong pycnoclines :
N ; ' A
(100-1000m wavelength 5-50m amplitude) A $ - |
2. Kelvin Helmholtz Waves —weak pycnoclines Q 2,
(shear induced) (\5 : 7,

* Requires Operator Awareness Q_\)e
Watermass Stability?
Interface “Roughness”

e MVP -inadequate

* Need better Streaming real-time
water column tools.
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