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* Introduction
e Overview of UltraTEMA-4

" Design
= Operations

* Sequim Bay 2022 Results

= Calibration Line
= Blind Grid 2022 - preliminary results
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Mostly the calibration line data


Refined Over Years - UltraTEMA4

 Started underwater EM survey in 2009 with
the TEMA-MK1

* 4th generation of Towed EM Array (TEMA)
* 4th seneration of UltraTEM

* Integration of
Gap Explosive Ordnance Detection’s and
Black Tusk Geophysics’ existing UltraTEM®
package and associated software into
Tetra Tech’s towed electromagnetic array
platform

SSSSSSSSSS

TETRA TECH
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Nearly 15 years of work to get here  What is the UltraTEMA4? It is the integration of… 


UltraTEMA-4 System Components

'l'.b TETRA TECH

1. TEMA tow-platform

(Tetra-Tech)

“Next generation” towfish

Tested and proven remotely
operated marine towed-array system

Advanced subsea positioning

Capable of controlled low-level flight
above the sea-bottom

UltraTEM hardware
(GapEOD)

“Next generation” TEM based sensor
Hardware DAGCAP validated

Existing marine systems deployed on
European projects

BTField software
(Black Tusk Geophysics)

Flexible data acquisition and
processing software

Well tested in terrestrial and
underwater applications
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Why the team worked to make the UltraTEMA-4 


UltraTEMA-4 Marine System Tt| TETRA TECH

Twelve receivers and four transmitters arranged to maximize field diversity during survey
Fiberoptic telemetry system - Live HD video feed - Phins INS - GAPS USBL - Altimeters
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Fiberoptic telemetry system which allows for live HD Video feed, a true north seeking FOG (iXblue Phins) that is disciplined by the iBlue GAPS USBL, and two altimeters, one 200kHz for use above 10m and then a 500kHz that is used for survey


l 2021 & 2022 - Sequim Bay, Washington Te| TETRA TECH

* ESTCP Test Bed - Pacific Northwest National Laboratory (PNNL)
= PNNL installed & administered

* Sequim Bay 2021 ARl 4 _
» Three days of collection e —_———=— == 2 ;_f#—;z;_;;g

= Calibration lanes at multiple flying
heights & different transmitter modes
(fast & medium transmitter frequency)

= “Blind” grid partial survey

* Sequim Bay 2022 - N \
* Three Blind Grid Surveys
" 90 Hz low altitude
* 90 Hz high altitude
= 25 Hz low altitude
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The system has been to the ESTCP Sequim Bay test bed in 2021 and 2022.


2022 What a Difference from 2021 Tt TETRA TECH

* New tow cable - finally a solution
* They also make torpedo umbilicals

* New power bottle no leaks
» And a spare justin case

* Transport of UltraTEMA-4
= No more wide load

* Crab season not open
= No snagged crab pots

* One loose wire in the Tx bottle |
= |t did travel from Australia

:
SSSSSSSSSS (@) gplaos':eEOggce Detection >ESTC p
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We had many challenges in 2021, but all the fixes and modifications that were employed just worked in 2022.  Linden Photonics made the cable 


TEM Measurement Tt TETRA TECH

Receive Loop measures
Primary Field from \ // P

: N _,Induced Field due to :
Transmit Loop excites /== Eddy Currents transmit current

Eddy Currents in Object /&\

ddyCurrents \ :
L@ O

1. The primary field magnetizes the buried object / \,L/
—

2. Abrupt change in the primary field excites eddy receive voltage
currents in the object. Ve voltag

3. Eddy currents diffuse throughout the object and decay
(basic EM response which applies to all metal objects)
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Now onto the data collection.  1, 2, 3


Sequim Bay 2022: Three Blind Grid Surveys Tt | TETRA TECH
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Make sure to talk through the coloring/legends – the grids are of the flight altitude 


| Sequim Bay 2022 Calibration Lane
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All the data, maps and polarizabilities are from this cal lane (except the IMLI)


Sequim Bay 2022 Calibration Lane: 0.5 to 0.75m Altitude Te| TETRA TECH
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Sequim Bay 2022 Calibration Lane: 1 to 1.25m Altitude Te| TETRA TECH
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Calibration Lane: 0.5 t0 0.75 m Altitude
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Calibration Lane: 1 to 1.25 m Altitude Te| TETRA TECH
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ISO Item Comparison Tt| TETRA TECH
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Large to Small Item Comparison
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Slower Frequency: 1 to 1.25 m Altitude Te| TETRA TECH

Ch: tearly_filterdist - Inclusive RxC: Z

10
130 [ | |
9
125 | |
8
120 | |
7
115
110
£ 105
o
o
o]
<
N
(52
Yo}
T
[o)}
c
g
b=
o
P4
9% | | 2
90 | | L
0
85 | |
-
—

260 280 300 320 340 360

Easting - 497500 m

Aok Tosk | Q) GapEcD

Explosive Ordnance Detection




Longer Time-Window Tt | TETRA TECH
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Slower sample rate gives longer decay records, but you need to survey slower to get same coverage


i Independent Model Location Inversion (IMLI) Te| TETRA TECH

* Break the full dataset into subregions & allow the position & orientation of
the item in each subregion to differ

* The principal axis polarizabilities B(t) are shared across the regions

IMLI thod
Solve standard problem first metho

L , Break region into N subregions: x,,, d,,
Minimize the function

ldrr(x, ) — sgr(x, B(2), 0, xp)]|
by solving for

B(t),6,xg by solving for
ﬁ(t)» Hnr xﬁn

s Minimize the function
> G © = ser (X, B, 8, %)
n
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This makes underwater AGC results on-par with those on land, by accounting for the decimeter vs cm positioning accuracy.  


Positional accuracy RMS Error ~ 20 cm (8”) Te) TETRA TECH

Relative error on 8 items
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2021 Cal line positions comparison


. Independent Model Location Inversion (IMLI) Te| TETRA TECH

e Data fit for standard is 0.86 Standard Method - all lines  Standard Method - closest line
e Data fit for IMIL is 0.95 =
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The UltraTEM knows where the item is, by removing the positional uncertainty the solution is much better.  


I 2022 Sequim Bay Blind-Grid Preliminary Results Tt TeTRA TECH
Y

* TOl ranged in size from 40 mm to 155 mm.
* Results have only been scored for the low altitude; 90Hz dig list.

At the demonstrator stop dig point, UltraTEMA successfully detected and
classified all TOI with 5 false alarms.

* Use of the optimum stop dig point would have resulted in only 2 false
alarms at the Pd,c = 100% point on the ROC curve.

* Not all 2022 Blind-Grid data have been submitted to ESTCP therefore only
these preliminary results are available for the 2022 UltraTEMA survey
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. UltraTEMA-4: Marine AGC Capable T | TETRA TECH

Sequim Bay surveys demonstrated the AGC capabilities of the UltraTEMA-4

1. An accurate physical model 2. Accurate sensor positions
= Interaction effects are only important at very = INS with USBL positioningis accurate
early times (better than 50 cm positional uncertainty)
= Terrestrial dipole model is accurate » |MLI method can account for positional

differences between lines

3. Good background estimates 4. High signal to noise ratio (SNR)
= Integral equation technique can be used to = UltraTEMA-4 can maintain close standoff to the
accurately model the background sea-bottom
= Background is slowly varying and can be = Large loops and high transmitter current

effectively removed maximize SNR




UltraTEMA-4: Marine AGC Capable T | TETRA TECH

1. Platform: TEMA-4 2. Sensor: UltraTEM-IV

v Close stand-off to sea-bottom v' Large transmitter coils with high current

v Stable platform orientation v Transmitters arranged to provide

v" Accurate positioning of platform excitation in multiple directions

v Low electromagnetic noise from v Multiple 3-axis receivers
platform and auxiliary sensors

3. Software: BTField

v Avoid very early times (or include
interaction effects in the model)

v" Methods for removing sea-water
background signal

v IMLI for improved model fits




Realtime Operations (7] vemra Tee

* Navigation screen above

* Video frames from real-time HD feed
from system (~20-25 meters deep)

| _
@@ QESTCP .


Presenter Notes
Presentation Notes
Aside from the BT Filed squiggly lines we have navigation and video feeds
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Leading with Science®

N

Tetra Tech is Leading with Science®to solve some of the world’s
most complex problems. We provide innovative, sustainable, and
resilient solutions for our clients' toughest challenges in water,

environment, sustainable infrastructure, renewable energy, and
international development.
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TETRA TECH SNAPSHOT
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With 550 offices worldwide,
we can quickly respond to
our clients’ needs.
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