Resolving Tidally-Driven Seabed Sediment Transport:
Simultaneous Operation of Multiple Acoustic Sensors
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Infrastructure Hazards due to
Erosion and Deposition in Shallow
(Storm &) Tidally-Driven Seas.

Optimal Configuration of
4 new NOAA National Science Platforms

EM124 (1°x2°)
-11-13 kHz

EM712 (0.5 19
-40-100 kHz
EM2040 (0.5°x 1°)
- 200-400 kHz

~

EM304 (0.5x1°)
- 20-34 kHz

EM2040 (0.5°x 1°)
- 200-400 kHz /

EKs -

EK80 x 6 + ME70
18 38,70,120,200,333 kHz

~N

EK80 x 6
18,38,70,120,200,333 kHz)

SBP -

SBP29 6°x6° ~ 2-9 kHz

~N

SBP29 6°x6° ~ 2-9 kHz

ADCP

ADCP x4
38,75,150,300 kHz

ADCP x4
38,75,150,300 kHz

Multi-Mission
Objectives




Instrument-Specific Mission Priorities:

Multibeam:

1. | “100%"” Bathymetry - meeting
Sounding Density Requirements (3x3) > >
2. | No Bathymetric Mistracking ’
3. Interference-Free Backscatter |
4. Overprint-Free Water Column imaging

Fisheries Sonars:
1. Overprint-Free Water Column Imaging
2. Bias-free TS and Sv estimates

ADCP:

1. Interference free velocity bins _
2. Sufficient Along-track ping density '
to allow Ensemble Averaging

Subbottom: ,
1. Sufficient along-track ping density \
& . (stacking to improve SNR) N
Subbottom Profile 2. SL to provide Sufficient SNR
(without impacting other sonars)




EM-EK-ADCP-SBP Potential Interference?
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Knudsen
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EM2040C
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Sequenced Grouped Firing:
K-200 1] MY N
= — =
ES-120 - 1 - 1 - 1
CP-300 L L i
K-SBP
EM2040C
EM722

Group 3

Group 2

Group 2 Group 3 Group 1

Group 1 Group 2 Group 3 Group 1

Single Dual Quad Strategies to .

Swath Swath Swath
? a a Compensate for

Multi-Swath
2 (partial) Grouped Firing

" 4

/ Solution
** hardly a new solution! . .
“Quin-Swath” Any group-lng- risks
TSM-5265 not achieving
Sea-Falcon “three strikes along track”
1998
( ) on a target.

.....



The Ma odes o . .
N emzoax. Strategies to Improve Resolution
A: Angular
| Resolution T
Constrained ' '
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The Many Modes of
the EM204X

= 40-/0m long CW 0.6ms
_ 70-90m ShortEM 3.0ms

90-400+m
Long FM

Trying to avoid
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Cross-talk

E-
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=10

=20

=4

Almost....
DEEP

"\ WATER
OPTION

LR |
“400*kHz

600
EMZ2042 ShallowCW (0.101 CW 14.3 kHz BW) Mode - Cgmbined Pulses
T —r— —— T T —r— y A TN I:".".i."."I —
'S1 | C2 |/Ca! !
el P2 !/ P1! v
\DTHS . q
Great R nge ResolU N /) WATER O ¢
| I g &
5 ut..POOR SNR ! |\ OPTION /,;V $
40— ,, | ; ;i 24
P I |/\ J'Il } | \ 'Ir" I|| .-I'_ E ~ 2Swaths
¢ 160 = “300™ k 600
EM2040 200kHz Short CW (0.145ms CW 10 kHz BW) Mpde - Combined Pulses
- 1k DEEP
/ \ WATER
T LK OPTION
N 333 kHz
| | ﬂﬂl/ cen{re_zd \
- L Al RN B ! | [T | T T N TN T [N SN TR T S T T W S
¢ 160 “2007"kHz e e 600



The M any Mo des of EM2040 400kHz Long CW {ﬂl._EISBms CWS5 kHzTEW} h:"lc:de : fllqrq.hllneq Fl‘ullsgs

"""" — LY ' |
the EM204X T
el L DEEP
O—2_5m,_A ShortCW 0.07 ms . ?\ﬂ | W ATER
T : OPTION
40-70m  Long CW 0.6ms - i _ ** Narrow Sector
400+ 7l
9804;(;0FM . _J‘l _ J AL AL PN TP RS warar v
em e e 6%
~—_EM2042 DeepCW (0.865 CW 1.66 kHz BW) Mode - Combined Pulses
_______ 'f T
-, f— | : :
DTHS f
NARROW BAN WID ) (1 SHALLOW
k mge Resolutio : WATER
o) R |
Trying to avoid Bf}"'Gr_eat = i e
CP-300 -EM204X Lo POUUUE= et (LD I
Cross-talk _EM2040 200KHz_ShortFM (3ms FM 1.6 Kz BW) Mode - Combined Pulses
. | DEEP
| WATER
al OPTION
" E ** Wide Sector




salinity - 2025 _jd277 00-29-52 Oct-4 = SRR—— .
VAN o ey Monitoring Sediment Transport
while Testing Achievable

Bathymetric Resolution

Multi-Sensor Test Platform

CSL Heron (34 ft)
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200/28 kHz
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EM712

Simultaneous Operation of:

K-Sync (vz) 1. EM2040C

EM712

CP-300 ADCP
ES-120-7 split beam
3.5 kHz subbottom
28 kHz imaging

200 kHz imaging

While Simultaneously Monitoring
Tidally Modulated
Estuarine Oceanography
(that drives the sediment transport)
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Resolving/Monitoring Tidal Current Field and Bedform Migration
Coastal to Continental Shelf Depths

14-20 m f :
depth range

EM2040

Usual Operational Depths

70-100 m
depth range

140-200 m
depth range

AND
While simultaneously
operating other sonars

The challenge
Can you do this

5 x Deeper?

(WCD imaging, ADCP)

EM712

Usual Operational Depths

Can you do this
10 x Deeper?.



o Scale: 500m Average depth 187m

Can you resolve the
0.2x5.0 m dunes

e T e

How much Resolution
can we maintain
EM712 & EM204X 70-200m
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The Many IHO Order 1>40m = = mScale: 50m ¢ o0 . Jom o2l Reference
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EM2042 200kHz_Shallow_CW EM2042 200kHz_Medium_CW EM2042 200kHz_Deep CW EM2042 200kHz_VeryDeep FM

o ”
200 kHZ llsha"ow” llMedium”

“Deep” “Very Deep/

Modes Short CW Medium CW Long CW Extra Deep”
0.145 ms CW 0.288 ms CW 0.865 ms CW Short/Long FM

10 kHz BW 5 kHz BW 1.7 kHz BW 30orl12msFM

1.7 kHz BW

2.5% -5m 2.5%-5m 2.5% - 5m 2.5% -5m
] ] ] ]

5% - 10m 5% - 10m 5% - 10m 5% - 10m

ﬂScaIe: 100m DBcaIe: 100m nScaIe: 100m

| |
10% - 20m 10% - 20m 10% - 20m 10% - 20m
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Reference
“Best”
Resolution

200 dEpT - N SaISTeam - CSLHaoN AU 2028 200m dapm - M. Sandseam - CSLHeron ANAU] 2026 200M depT - N SandSTaam - CSLHaon JUVAL] 2026 200M oo - M. SandSyaam - CSLHaon AALN] 206 200M dapm - N SandSYean - CSLHaron Jvaug 2025 | 200M dapm - N SanaSyeam - CSLHarn /ALY 2025



11300” kHZ llsha"ow”

Modes Short CW
0.101 ms CW
14 kHz BW
_______ R S
©
Qe
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En2042 300kHz _Medium_CW Em2042 300kHz_Desp CW Em2042 300kHz_VeryDeep FM EMZ2042 300kHz_VeryDeep FM_Open EMZ2042 Al AUGZE 2026

Reference
uMediumn “Deep" llvery Deep/ “Best”
Medium CW Long CW Extra Deep” ...1.s NO Constraint Resolution
0.288msCW  0.865msCW  Short/Long FM Maimum

5 kHz BW 1.7 kHz BW 2 or 6 ms FM

1.7 kHz BW

2.5% - 5m 2.5% - 5m 2.5% - 5m 2.5% - 5m
| | | ] |
5% - 10m 5% - 10m 5% - 10m 5%-.mm
: : [ : [ . Scale: 100m
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EM2042 TI20_400kHz_Medium_CW  EM2042 TI21_400kHz_Desp CW

o“ V24
400 kHZ llsha"ow” llMedium”

“Deep” “Very Deep/
Modes Short CW Medium CW Long CW Extra Deep”
0.073 ms CW 0.145 ms CW 0.288 ms CW Short/Long FM
20 kHz BW 10 kHz BW 5 kHz BW 1? or 10? ms FM
Current 27 kHz BW

Never Originally Offered

due to high Attenuation
&

k5 - 25 s 200/300 kHz easily meet and exceed
= . . - IHQ target detection (10%Z)
R Insufficient su1om

217 SNR 10% - 20m

o+

(©)

L

Default
(only viable)

Mode

2.5% -5m 2.5% - 5m
] ]

5% - 10m 5% - 10m

DScaIe: 100m nScaIe: 100m

10%: - 20m 10% - 20m

Em2042 All_ALGZ28_2026

Reference

“Best”
Resolution

Pulse Mixologist (Tor inge) i

.

200 P - N SIWISYEET - CSLHT ANAKIAIE 200 0o - N SIWISTaIT - CSLHaron AL 2006 https://stockcake.com/i/mixologist-in-mo tior=2095651 - £:358 31342



EM2042 T8 _XGkHz_1sDS_FM35k_E EM2042 TI20_400kHz_Medium_CW EmM2042 TI21_400kHz_Desp CW EM2042 TI14_400kHz_3sDS5_FM11k_5 EM2042 T115_400kHz_3sDS _FM11k_5 EM2042 Al AUG28_2026

“ ” Reference
400” kHz “Super Shallow” “Medium” “Deep” “Super Deep” “Best”

Modes Short FM Medium CW Long CW Long FM No Constraint Resolution
0.5 ms FM 0.145msCW  0.288 ms CW 2.0 ms FM e

35 kHz BW 10 kHz BW 5 kHz BW 11 kHz BW achievable
Testing

have to drop to can maintain
Single Sector Three Sectors
2.5% -5m 2.5%: -5m 2.5% -5m 2.5% -5m 2.5% -5m 2.5% -5m
] ] ] ] ] L]
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oo, Scale: 100m o, Scale: 100m oo, SCale: 100m o, Scale: 100m ootz Scale: 100m s oom  oocale: 100m
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The Many Modes of EM2040 4ﬂﬂkHz Test 1Se-:t DS 2F FM (0. 5ms FM 35 kHz BW) Mode - Gﬂmhlned F‘ulses and Harmonics
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Sound Speed (m/s) , .Temperature("C) ~ Salinity (PSU)

T, | Delineating a
. X. Pronounced Tidal Front

salinity - 2026_jd181_20-30-56_Jun-30

40

Depth (m)
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Trial
Three simultaneous agendas: Island

1. High along-track ADCP resolution
2. High resolution Bedform Migration

B 3. High SNR to Image Sediment Transport
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Surface Currents: UBC SalishSeaCast Operational Forecast Model
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- gwath 2 EM2040C - 300kHE_Short_FM EM712 - Very_Shallow_CW

2026 _JD{38 Mon May 18( 21:55:1 5_7 Discovery ganner Bank, CsC Hefon 2026 2026 JD138 Mon May 18 21:55:12.46 'ﬁw Discovery Banner Bank, CSL Heron 2026
headidg - -0.19 g e heading 1012

pitch | :-1.46 P pitch  *-5.13
rall 019 / ) 5 roll 012
heaye :0.01 ; ) heave :0.06

EM2040C - Ma 18026-002 g viv d 7 F
Radial A o o7 &7 ! |
Banded

Noise

back-projected B
onto the seabed =




2026 JD138 Mon May 18 22:38:23.93 Discovery Banner Bank, CSL Heron 2026 2026 _JD138 Mon May 18 22:38:23.96 - Discovery Banner Bank, CSL Heron 2026
o e mwath - EM2040C - 300kHz_Shallow_C ine 0029 - swath2 g EM712 - Shallow
line 0029 - swath 2 heading - 0.24 line 0029 - swath 2 L. e heading :0.24

EM2040C i T pitth  :-1.89 2 ' pitch  :-1.89

rall :0.24 R - LA rall 1024

heave :0.01 LR NN e Ny, heave 1001

Radial
Banded
Noise

back-projected
onto the seabed




WCD SGN TidePhases

Pattern of Seabed Sediment Generated Noise

Changes with phase of Tide

0,00
(A SE A 30 5 month
~- ' ' i evolution
(Apr.-Aug.)

140

EM2040C — 250-350 kHz

EM2040C - May19_2026 - 003WiF sl 28 7 // f&
3 ; ’ 7 :

EM2040C - May19 2026 - 0031 EM712 - May19 2026 - 0031




EM2042 18 J00GH2_1aDS_FM3SK_€ | EM2042 Ti1s_400KHz_36DS_FM11k_5 EM2042 AL AUGZS 2025

ENCTHD S0 Tead | Sect DS 3 FIM 3 Sma M 3 bHE B Mode - Combined Puises and Harmarcs

Reference

“Super Shallow’ “Super Deep” “Best”
7 Short FM Long FM Resolution
0.5 msFM 2.0 msFM ! i

35 kHz BW 11 kHz BW

A
AN

mml‘?& NSect DE_&F P [3a P11 R BW) Mode mm@@m:rm

SUMMARY

2 x Class-A
2 x Class-B

Optimal Multi-Sensor Configurations
1 - National Multi-Mission Vessels
2 - Improved EM Range-Resolution Performance
3 - Managed CP-300 EM2042 interference
4 - to maintain along-track density.
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60

wook

Relevance to Shelf Infrastructure
5 -Wind Farms
6 - Tidal Power

wQQg :8eds

Scientific Insight into coupled
7 - Tidally-Modulated Estuarine Oceanography
(sound speed variability)

8 - Seabed Sediment Transport
(seabed resurvey requirements)

Serendipitous Insights:
9 - Sediment-Generated Noise
I almost actually believe it....!
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