Activities of the IOM within the scope of geological
exploration for polymetallic nodule resources
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The main objectives of the IOM exploration during the present
phase of research are defined by the provisions of the ISA
approved Plan of work for exploration and the programme of
activities for five-year periods. They include:

v |ldentification of nodule deposit resources that have the
potential to be commercially mmed as well as the delineation
of nodule depOS|ts ‘ o
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v A pre-féasublllty study in order to def‘ ine théﬂpossmlllty of
proceeding with the-nodule mining-projec .in-Sec cth B2 of the - -
exploratlon area - e e |
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v Detailed studies within the selected blocks in order to
estimate nodule reserves for the first generation mining

block and to develop more job-specific exploration
technology

v" Recovery of nodules from the selected mining block in order

to conduct a process;gg technology experlment on larger

sampless .. - . o

M
. " S
.

vV Geological- engmeermg and geetechmcal studles ‘m order to
_collect data and. information on nodules and sediment —

“physical properties for carrymg out mining technology :
research and development , e
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Prospecting Area
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oject — the H11 area
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Summary of the 2009 explorat
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oject — H22 area — with BIE area in the center
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2014 explorat
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Summary of the 2014 exploration project — the H22 area
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IOM’2014 cruise included: IR i 3

v’ side-scan sonar surveys v{nth acoustlc profulograph (60 km),
v photoprofiling (585 km),

v sediment and nodule gamplmg WIth a boxcorerl (55

stations); s

v cqllectlon of a nodule sample of 2.1 tons for /tﬁ% research

on nodule processmg tgg[;;pology an_
sampl,es : l 122 Volcano ,

0. kg (&?% ent

>

v~ analyses of nodule§, sedimeht, and its porq Water’“"' anIesf =

in lon-board laboratorles % !

e e Ilectlon of sedlmerft samples for’ ama ses-in |

. ’/ - 101& /
Ialporatorles il

d-based
olcano

- V-2 hjdro-meteorologlcal geatéchnlggi\* chemlca|,¢= and ™

computer analyses.”™ L b



Resources of H11 area have been estimated, the results from
2014 project are presently under processing. Most likely after the
workshop we will consider reestimation for the two united areas.
For the time being the results for H11 are ready for reporting.

Information was precessed using geostatistical methods, with
assessment of resourcées of nddules. and metals - manganese,
nickel, copp,er and cobalt. The analysis was based.on sampling
carried outinarea H11 (5372 km2) in 2009 . as welﬁs 2004.

MLM
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' The dat.a_ processed reflected the wet welght-based nodule' -
_abundance -and-contents of 4 metals (Mn, Ni, Cu, Co) in 101
~ samples collected-with a boxcorer on-the two sampling events: 51-
samples were collected.in 2004-and 50 samples were-obtained in
_..2009; during g the Iaﬁer samplmg campalgn areas with slope >7°.
were contoured. - o , T
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For estimation the mean nodule abundance and mean metal
concentrations as well as nodule and metal resources in the
seabedblocks, the block kriging method was used;

The procedure takes into account:

v distribution of sampling sites relative to the mining block being
sampled and relative to each other,

v shape and size of the block,

v structure of the variability of "a parameter in question, as
expressed “with the ge'bstatustlcal ..varla=blllty model (semi-
variogram medel) |
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In area H11, a total of 21 ore deposits were identified; these
comprised a total of 66 ore fields (area of 3800 km2) identified for
computation purposes. The parameters estimated using the
geostatistical model equations applicable to ordinary kriging
were:

v overall resources. of . polymetalllc nodules (wet and dry) and
resources of metals, along W‘Ith estlmatlon of relatlve standard
errors of kriging Vil ‘

v mean values of ore deposut metrlcs nocﬁlle and metal

v resources of polymetalllc nodules '(wet and 'dry), along W_lth
estimation of relative standard errors of kriging, separately for -
~“each of the 66 ore fields identified"

-V resources of metals for each of the 66 ore fields lgl_entlﬂed

ol

/ mean-metal” conpentratlons [%6])-in_each of the 66 ore Tlelds
identified. S < — :
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Resources of polymetallic nodules and metals in area H11

popmetaticnodes 227 W Lomes ) »
Manganese (Mn) 11 MT tonnes 4.5
Nickel (Ni) 443*103 tonnes 4.6
Copper (Cu) 435*103 tonnes 4.3
Cobalt (Co) 53*103 tonnes 4.6

= = = . 3y it e . T - —

The mean abundance of nodules was estlmated for blocks of dlff.erent,.
surface areas (1x1._km, 10x10.km, and 20x20 km), based on data collected at -

" the first stage of sampling in area H11 as well as on the pooled data from the

- first and -the second stage. The results showed the nodule abundance

~assessment to.hesufﬂ,gléﬁtly reliable for the basic 1x1 km blocks (relative and
——=absolute relative errors of 2.9 and 12%, respectwely) For the larger blocks -
(20 x 20 Km); the rellablllty of assessment was mcreasedjthkrelatuve and -

~—absolute relative SLEOLS of 2.5 and 5%, respectwely)r.. = NS e
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Exploration - information flow — connection between
exploration and economic feasibility

Experiment at sea Results processing Documentation

e _Estimation of nodule
2 ‘resources and metal
_ _Nodule abundance i _ E : R T =
: e M =i BE8EE: :F : distribution— - -
Chemical analysis for =" = : - A o

—metal content analysis—

Sampletaken
e

-

FLARTEEEYIREAERETRRIRATESTE 4

Dt processitg S S L e

- = o =
-GIS database . Shene e
- o e
- : -~ : 4 — P —
= - = T . X ————— l 'M ——— -
- - e T - e o APT — lN = N 25 e

- = o —— —— = . = e o~ - ——

— - e . 2 — e Ear e — i —
-_ — 2 i o = s T - = r . o —~ar o~ -

e . — = - W et e i - ——— ‘w X ; —— =
—_— — T . e - : . e T o
F - = - Py s - e - — e g, e i e ]



Bathymetry processing




Nodule coverage determined on the basis of digital recognition
of photos taken at dense intervals and side scan sonar image




[%] of area

o P
° o
0000 |0
[8=085 ey
o~
[o'atia} oy
O -~
omcooooso
0 &80
Ol 800 oo
0
© 8 &%
o~
®
o
| |09
]
[ Jsad
oo N
o
0
100
)
0 ol"] 0lgh @olo 2
| ol0l | |
- 2adi\ R 0 o &0 o0
[00)
() ,uOnH.CO o ol Qu ORI
ooiogooﬁoooo 0 o) rM: 2 omo%o
T 10
58 S AR T AR AR o
0 @n =—~00 fo) ol |o
(11202 5 o & 0 ﬂ
o
ol |o oooo@u i .@q_lHI%a d ofolab ny
o@om 0 Q|0|A
| 0 [ 1]
oooomo
¥ 0T 0
| Y b, O Lo e}
0 ot o™ O] 0 0 © [ox om@o@@
oohmoo_@ooa&ﬁ.«%o?‘ lofP]1]] ool | | [|
%0 | Beregr o olo| | [0 | [ o] 6| ¢ %[0
0 ) ) ~
Fat [F]
0 o
0
86 o
o %
P8 18,00 % - o2 of | [[lof10]]o
°| 2 e of
0 mo 0
| lalogol ooo_o.... o1 11 [ || 1 ,Oo,
8 0 00 0[98:0%0% 0 (| |o
Ol o
o[ Bk 8 | | |19 | |o
Q o (=] (=] (=] o Qo o 00
00 ~ o wn < m o~ s
o o
[+ o] -—

Relative length of photoprofile

O Percentage of seabed area covered by nodules determined from photo

@ Percentage of seabed area covered by nodules determined from boxcorer sample

—— Mean value of percentage from photo



Erosiom"on the sea bottom surface at sonogram)
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Delineation of mining blocks
by compiling information
from boxcorer, side scan

sonar, photo-coverage
profiles and bathymetry.

Results are then confronted
with boundary conditions
« such as slope angles,

__ obstalgesand cut-off

con?it‘ions:; o
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Infuence of assumed slope angle on mining areas.

o o =}
< ~ -
£ c ! ud
© @ <
& £ £
2 2 e
o <] o
£ E £
v 0 w
[ @ ]
a Q a
o K] L] @
0 W W Q
£ v £ £
= E E=¥ = = =
e} v 2= 2E =TE 5
= .M wd o 0§ ]
n% 088 2g Qu £
@ ~Ng 83 23 85 o
()] I3 <= <3 <z O
@ — :
h - D _u um
B
e B e e T e e P e e B e e S e T e o e e P e o e e T e T e e B T e T e o e e

-
| ] ! I
[ D o — — — — — o — — — — — — {— — — o— — — — — o — — — —




Uncertainity factors — buried and deposit covered nodules
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Large sample abt. 2t — 2014 cruise




Production rate - it was adopted earlier that the project
would be prepared for the processing of 4 MT of wet
nodules yearly. However, in present market conditions
we prefer to consider an approach that is based on
analysis of various alternatives. Production rate
understood as an intitial assumption is a parameter
affecting both,. CAPEX and OPEX. Perhaps an
optimization model can “ be .. formulated maximizing
economic: factors -with productlon rate. bﬁmg a design
variable. Such approachf ‘ ensuf_e__sm_d__' ‘/sustalnableh
developement : Rl T
Duration - in terms of geologlcal exploratlon and various -
“1RR and NPV analyses resources should be indicated for
the Quratlon of 15-20 years of production with-anoption
___u,,for” farther exploration ~when the production s
commenced. R aeee T e :
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Cut-off levels — they can change according to metal prices.
In that contex any given cut-off level is a random variable
that depend on market condtitions if we look at sustainable
developement approach.

For initial assuniptions wex were adopting 10kg/m? but
variant analyses have shown that market condtions existed
where- it- colild be economlcally vuable to leach for 5-4
kglm2 e S o




Conclusions

The IOM has accomplished several exploration objectives
and has sufficient information to formulate a report and
comply with any of international and professional standards
that are to be adopted by the ISA for the purpose of contract
extension. But the KISS would be welcome.

i
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Explorat’icf)nF methods are mature enough: “togconclude that
resources.can be estimated with sufficient reliability and
-—accuracy. Innovative techniques can improv “the process.
Modern-statistical methods do not require regular grid and -
'developments “of ._exploration procedures like AUVs_or
- underwater Iaser scanning-and recognltlon can |mprove the'

'efflciewcy — o




But can we move up to reserves without a pilot mining
experiment?

Do the previous mining experiments from 70’s and 80’ give
us sufficient information?

The results of those experiments have proved explicitly
technical and fumctional feasibility but there is lack of
reliable economic factars espemally in present market
conditions.# “: T e "

In- parallel to a mlnlng expernmeﬁt»enwro; al momtormg

should be commenced. The environmental concern is one of —
-the“most important from the list of_ the MODYFYING FACTORS
- for deep sea mining. It has mostly a nature of psychological
‘barrier and.the results are expected to give evidence thatdeep
==gea mining is less harmful for the envuronment that some of the
Iand based prOJects - i S s
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What does it mean ,,a pilot mining experiment” for a deep
sea mining project?

DoE (Design of Experiment) parameters:

v Expected productivity

v Duration -

v' Maneuvering abllltles and éfflClency of a collector
v' Operatianal reqwrements and safety factm}gg

v Size and type of affected area |
\/SCOME*—Tﬁ‘iﬁV tigation™= B sy =
v Reliability issues B
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Thank you very much.
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