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Offshore campaigns

Data to inform EIA will be collected over 20 offshore campaigns spanning 11 years.

2012 2014 2016 2018 2020

(O Bathymetric mapping, geological & environmental sampling @) Environmental baseline studies
(O Geological, geotechnical & environmental sampling (O Test mining monitoring

@ Metocean studies @ Post test mining monitoring

@ Ocean Infinity Megafauna study



EIA progress
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--Areas from Nauru

Nauru

Distance to CCZ: 6,437 km
Distance to NORI-D Contract
Area: 8,505 km

Distance to NORI Contract

Clarion Clipperton Zone (CC2)

Exploration Areas
(1.28 million km?)

. Exploration contract areas granted by
the International Seabed Authority

Protected Areas
(1.97 million km?)

- Areas of Particular
Environmental Interest (APEIs)

Exploration Areas
. NORI (Sponsored by Nauru)

NORI D
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for manganese nodules

Drazen, Jeffrey C., et al. "Midwater ecosystems must be considered when evaluating environmental risks of The Guardian. 2023 “Is it too late to halt deep-sea mining?
deep-sea mining." Proceedings of the National Academy of Sciences 117.30 (2020): 17455-17460. Meet the activists trying to save the seabed”




dee sea Source: https://savethehighseas.org/deep-sea-mining/impacts-of-
o A (N T _ _mini A 241 2 2
conservationcoalition ~ deep-sea-mining/ (Accessed 24/10/2023)

“Plumes of sediment will be created as mining stirs up the
seafloor, possibly spreading tens of thousands of square
kilometres beyond the mining sites. The effect this will have
on filter feeders such as corals and sponges is unknown.”



https://savethehighseas.org/deep-sea-mining/impacts-of-deep-sea-mining/
https://savethehighseas.org/deep-sea-mining/impacts-of-deep-sea-mining/

1. FIXED MONITORING STATIONS
(inc. moored ADCPs, hydrophones etc.)

===

[

CTD casts for monitoring benthic
operational and midwater plumes

Hydrographic and non-trace metal

4. AUV MONITORING
OSV AUV for far-field monitorifg of the benthic operational plume

3. ROV MONITORING

OSV ROV for far-field dynamic monitoring of the penthic operational and midwater
plume

OSV AUV for seafloor mapping
and photogrammetry

Safe operational working
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3. ROV MONITORING

SSV ROV for near-field dynamic monij

plume

Benthic operational plume

T T T

loring of the benthic operational and midwater
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5. PCV MONITORING







DPT : 4278.8m : : 480143 .8@DPT : 4287.9m HDG: 195.
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Island' Pride| ¢ FTS-004 Island Pride
HD14 - Dive 406 : 4 TMC - NORI-D HD14 - Dive 406

ESP-001 Island Pride| 30_10_202£-—“ DGT, Asset Recovery, Island Pride
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50 monitoring stations distributed in and around the test field
to monitor and map the near and far field plume in situ.

BENTHIC PLUME ARRAY

7 x Fixed Landers with ADCPs, CTDs, OBS — optical backscatter

2 x Fixed bottom current and turbidity landers with acoustic modems
that we interrogate in real time

3 x McLane sediment traps
20 x sediment plates measuring sedimentation

4 x Camera landers recording sedimentation
1 x acoustic mooring

1 X acoustic lander

1 x midwater mooring that we interrogate for midwater currents
7 x DGTs diffuse gel samplers

2 x AUVs mapping near and far field
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Increasing evidence to suggest that the benthic plume forms a turbidity current at the seabed.

“A turbidity current is a lateral, gravity-driven spreading of sediment-laden water under its own weight away from the
collector tracks and not a case of the sediment being passively carried away by the background ocean currents” —
Thomas Peacock

Peacock. T. The GSR Patania Il Expedition: Technical Achievements & Scientific Learnings. Global Sea Mineral Resources. Internal Report. March 2023.



Early lab-based evidence

« Same holds true for the exhaust pipe behind the collector. The plume will

descend down to the seafloor and aggregation will take place.” — Gillard et al.
(2020)

* “The experiments reveal the formation of a wedge-shaped gravity current front
which narrows as the ratio of collector-to-buoyancy velocity increases.” —
Ouillon et al. (2021)

Verified by field evidence

* “Volume of resuspended sediments significantly lower than assumed. Sediment
aggregations is fast leading to fast settling.” — DHI (2023)

* “As such, it can be concluded that the sediment plume created behind Patania
[l initially took the form of a turbidity current.” — Peacock (2023)

» “It was found that the generated sediment plume extended no >2m above the
seabed close to the source (<100m) but increased in height at greater distance.
Furthermore, turbidity values decreased rapidly with increasing distance to the
source.” — Haalboom et al. (2023)

Haalboom, Sabine, et al. "Monitoring of a sediment plume produced by a deep-sea mining test in shallow water, Malaga Bight, Alboran Sea (southwestern Mediterranean Sea)." Marine Geology 456 (2023): 106971.
DHI presentation Sediment Plume Monitoring and Modelling For Impact Analysis of Deep-Sea Mining. Presented at the side event at the ISA Council 28th session on 20th March 2023 in Kingston, Jamaica.
Peacock. T. The GSR Patania Il Expedition: Technical Achievements & Scientific Learnings. Global Sea Mineral Resources. Internal Report. March 2023.

Ouillon, R., Kakoutas, C., Meiburg, E., & Peacock, T. (2021). Gravity currents from moving sources. Journal of Fluid Mechanics, 924, A43.

Gillard, B., and Thomsen, L. (2020) Characterization of sediment plumes behind mining vehicles in the NORI area (laboratory analyses). iSeaMC. Report commissioned by DeepFreen Inc. 2020.



Plume modeling.

Without density feedback With density feedback

Total SSC [mg/L]

Density driven currents
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Plumes — Benthic —
Sedimentation.

470000

472]000

474000

476]000

478]000

480000 482000 484000 486000
1154000 1154000
1152000 el 11152000
1150000 11150000

1148000 11148000
1146000 111146000
1144000 111144000
1142000 s 111142000
1140000- 111140000
1138000 11138000
470000 472000 474000 476000 478000 480000 482000 484000 486000

N

A

Sedimentation (mm)
0-0.01
0.01-0.05

N 0.05-0.1

BN o1-05

I 05-1

-3
-5
Il s-10
. 10- 100
Bl >100

i 'Areat

Why is the sedimentation footprint so small?

» Cut depth lower than assumed

* Volume of resuspended sediments significantly lower
than assumed

« Sediment aggregation is fast, leading to fast settling

Turbidity flow is influenced more by bathymetry than
water movement

Preliminary Hindcast Model
Sedimentation Depth
HTR1.1-PR2

73 Lease Area

Sedimentation Depth (mm)
<= 0,0100
0.0100 - 0.0500
0.0500 - 0.1000
0.1000 - 0.5000
0.5000 - 1.0000

I 1.0000 - 5.0000
I 5.0000 - 10,0000
I 10.0000 - 25.0000
I 25.0000 - 50.0000
I > 50.0000




Benthic Sedimentation Model

sedimentation 50-10

(mm) 10-20

20-30

< 0.05 e
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40 - 50
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Total of 346 multicore and boxcore deployments plus >240 km of ROV/AUV transects targeted for

Biological Sampling.

megafauna analysis
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>20 organizations engaged &
>200 terabytes of data collected.
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Impact Assessment.

Biological Data
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Plumes — Benthic — Sedimentation.

i e —

Mulitcore sedimentation
® csa (mm)
® oo <0.05
@® oA 0.05-0.1
® 7B 0.1-05 \
Boxcore 05-1.0 o o
W A @STM\015
B e STM_015 STM_169
oy 10-20 = A STM_169®@STM_169

30-% Stu_se6, & e e TM-166  ~ sTM_p11
Megafauna o 30-40 ; ) STM_014 @

Ol and CSE ROV 40-50 STM_168 - STM_167

— C7B-2 AWV 50- 60

60 - 100

5TM_011 M_01

511706 & M 172

170
STM_009
STM_009®STM_009

STM_066_ STM_007
STM :w ® @& STM_007 STM_171
STM_173 @ 8TM_607 _STM_175 @]
OTF_00s@_—~ STM_1759STM_175  STM_171
QFF- 008

= Cl
ST™ STM_188 M/ TM_008
- O
M-008
o
aort_£60

176_STM_003
)

8,000 Meters
| 1 1 1 |




™
e SIMLIMLSTM 1

e STM_ I ™ v oom
e = . ST R T 1
|
.
| "~
[ o——
 fee
|

SIM_Im .SW_ Ll

IN TRACK

10VdINI 10341d — MOVl NI — 200-41




BETWEEN TRACK >60mm

BETWEEN TRACK >60mm

BETWEEN TRACK >60mm
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2 ‘ Sediment Plume

The further these particles
travel laterally, the more
they're exposed to ambient
24Th, leading to increased
scavenging and reduced
24Th levels in the water
along their path.
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The novel use of Thorium-234 allows us to accurately
measure how far sediment plumes spread at the seafloor.
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7A and 7B Th-234 concentrations
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Benthic plume dispersal.

* The sediment plume is low lying*
» The sediment plume initially forms a turbidity current®

A turbidity current is a lateral, gravity-driven spreading of
sediment-laden water under its own weight away from the collector
tracks and not a case of the sediment being passively carried
away by the background ocean currents®

92-98% of the sediment initially stays below two meters above the
seabed*

There is heg acaldebesitisrda=thadcinity of the collector tracks

vidence suggests that the dispersal of the gravity-arive
turbidity flow is more influenced by bathymetry than ocean

: currents
Thorium 234
Tracing ~+ Global current models are a poor indicator of benthic current
dynamics

*Mufioz-Royo, C., Ouillon, R., El Mousadik, S., Alford, M. H., & Peacock, T. (2022). An in situ study of abyssal turbidity-current sediment plumes generated by a deep seabed polymetallic nodule
mining preprototype collector vehicle. Science Advances, 8(38), eabn1219.




Zones of Impact & Influence.

Zone of High Impact

Zone of Moderate Impact

Zone of Influence

Source: International Institute for Sustainable Development - www.iisd.org/learning/eia/eia-7-steps/step-2-scoping/ (Adapted)



http://www.iisd.org/learning/eia/eia-7-steps/step-2-scoping/

Zones of Impact & Influence.
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WAl
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Zone of Influence

Technical Guidance

Environmental Impact Assessment
of Marine Dredging Proposals

Environmental Protection Autherity
December2016

Environmental Protection Authority. "Technical Guidance:
Environmental Impact Assessment of Marine Dredging
Proposals." Environmental Protection Authority, Perth, Western
Australia (2016).




Zones of Impact & Influence.

e e \ 2
Australian Government Queensland Government

Q . Source of impacts: High, Moderate, Low

Reef

CUMULATIVE IMPACT
MANAGEMENT POLICY

Great Barrier Reef Marine Park Authority. Cumulative impact management policy. Great
Barrier Reef Marine Park Authority, 2018.

JULY 2018




Zones of Impact & Influence.

Zone of Moderate Impact Zone of Influence (Zol)

(ZoMl)

is the area/volume of the receiving
environment where impacts to biota
and/or habitats are predicted to be
recoverable following removal of the

is the area/volume of the receiving
environment in which changes to the
environmental quality associated with
mining activities are predicted but the

Zone of High Impact (ZoHI)

is the area/volume of the receiving
environment where impacts to biota
and/or habitats are predicted to be

changes do not result in a detectible

significant.
impact to biota and/or habitats.

pressure.

Pulse disturbance
Press response

Status

Pulse disturbance
No response

Status

Pulse disturbance
Pulse response

v

v

Time

Source: Environmental Protection Authority 2016, Technical Guidance — Environmental Impact Assessment of Marine Dredging Proposals, EPA, Western Australia. (Adapted)
Source: Lake, P. S. (2000). Disturbance, patchiness, and diversity in streams. Journal of the north American Benthological society, 19(4), 573-592. (Adapted)



Ecological Metrics.

CONTROL: ZONE 5: ZONE 4: ZONE 3: ZONE 2: ZONE 1:
NO IMPACT 0.05 — 0.1mm 1 - 2mm 2 — 5mm 20 — 30mm 60 — 1000mm D"ﬁﬁc-;RIXICP}?CT
(NWFF) (STM_174) (TF_033) (TF-025) (TF_032) (TF_BL)

Megafauna (sessile)

Megafauna (motile)

Macrofauna (nodules) Key ecological metrics measured for baseline, TO, T1, T2........

Macrofauna (sediment) .e.g. Total abundance

Meiofauna (nodules) |° Relative abundance

»  Species composition
Meiofauna (sediment) |*  Diversity

Foraminifera (xenos)

Foraminifera
(meiofauna)

ECV (ecosystem

function) « 02 production

13C (ecosystem « C assimilation

function)




Zones of Impact.

ZoHI -> 2 mm
ZoMI-0.5-2 mm
Zol - <0.5 mm

Control — 0Omm
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Zones of Impact.

“sediment will settle over Tmm deep 10-15 kilometres away from the direct mining area”

BLUE PERIL

-

Direct Mining Area = 3 : - ;
: 9 Figure 24: Indicative area of physical impact for a nodule mining scenario

Area of >1 mm settied sediment

:] Claim Area (75,000 km¥)

10-15km

V4 o ‘
: E , l
4 & j 73 \‘“'\ f : .9 .

DSMC

Deep Sea Mining Campaign

Source: https://dsm-campaign.org/blue-peril/




Zones of Impact

“Here we model the seabed plume in the NORI-D contract area using ‘OpenDrift”. In just over
30 days virtual sediment particles released 8 m from the sea floor travel over 200 kms’

VIRTUAL TRACER PARTICLES
RELEASE DEPTH -5000 m

Deep Sea Mining Campaign



MESOPELAGIC

200-1000m

Q
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— 1000M
b BATHYPELAGIC

&

Seamounts
for cobalt
crusts

Bathypelagic _:lluopdonlc+—-4
:

BENTHIC PLUME

Abyssal plains
for manganese nodules

Drazen, Jeffrey C., et al. "Midwater ecosystems must be considered when evaluating environmental risks of deep-
sea mining." Proceedings of the National Academy of Sciences 117.30 (2020): 17455-17460.




dEﬂ sea Source: https://savethehighseas.org/deep-sea-mining/impacts-of-
conservationcoalition ~ deeP-seamining

“Plumes of sediment will be created as mining stirs up the seafloor, possibly
spreading tens of thousands of square kilometres beyond the mining sites. The
effect this will have on filter feeders such as corals and sponges is unknown.”

(accessed 24/10/23)

"As collector vehicles mine the seafloor, seafloor sediments would be resuspended,
creating plumes which could disperse over tens to hundreds of kilometres
beyond mining sites. These sediment plumes would smother suspension feeders
such as cold-water corals and sponges on the seafloor adjacent to mining areas -
however, the full extent of potential impacts is unknown as there is limited scientific
data on the effect of plumes on individual species and habitats”

(accessed 8/11/23)



e
MIT News

ON CAMPUS AND AROUND THE WORLD E< SUBSCRIBE =~ vBROWSE  SEARCH NEWS Q

Ocean scientists measure sediment plume
stirred up by deep-sea-mining vehicle

A new field study reveals a previously unobserved fluid dynamic
process that is key to assessing impact of deep-sea mining
operations.

Their measurements showed that the vehicle created a dense plume of sediment in its wake, which spread
under its own weight, in a phenomenon known in fluid dynamics as a “turbidity current.” As it gradually

dispersed, the plume remained relatively low, staying within 2 meters of the seafloor, as opposed to
immediately lofting higher into the water column as had been postulated.

“It’s quite a different picture of what these plumes look like, compared to some of the conjecture”

“Modelling efforts of deep-sea mining plumes will have to account for these processes that we
identified, in order to assess their extent.”

Thomas Peacock, professor of mechanical engineering at MIT

Source: https://news.mit.edu/2022/sediment-deep-sea-mining-0921




Zones of Impact
“Here we model the seabed plume in the NORI-D contract area using ‘OpenDirift”. In just over

30 days virtual sediment particles released 8 m from the sea floor travel over 200 kms’

This model does not account for “— =
- . » E — W

the development gravity-driven —

spreading of sediment-laden water 3 . .

under its own weight away from
the collector tracks and incorrectly
assumes that the bulk of the
sediment is passively carried away
by the background ocean currents

VIRTUAL TRACER PARTICLES
RELEASE DEPTH -5000 m

Deep Sea Mining Campaign




Upcoming focus for the Environmental Program

» Coordinate science studies for Campaign 8

» Use emerging data and modelling to address remaining key issues, including:
o Concentrations, dispersal and impact of mid-water plumes
o Chemistry of mid-water plume and potential for impacts on fisheries
o Noise generation and attenuation
o Potential for impacts to biodiversity
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