WD 2011/ 156867PCT/ AU2011/ 000733 1 A SYSTEM FOR SEAFLOOR M NI NG Techni ca
Field The present invention relates generally to underwater mning, and in
particul awonreliatsess7t o a 5 system and net hod for seaf| ooPCriAt200/@0T3
gathering conprising a plurality of cooperating seafloor tools. Background
of the Invention Seabed excavation is ofHen perfornmed by dredging, for
exanple to retrieve valuable 10 alluvial placer deposits or to keep
wat er ways navi gabl e. Suction dredgi ng invol ves positioning a gathering end
of a pipe or tube close to f%%Y§Eg%@%DRéﬁ%ﬂﬂé?o MBENSK cavat ed, and using a
surface punp to generate a negative differential pressure to suck water and
near by nobil e seafl oor sedinent up the pipe. Cutter suction dredging
further prd@echesal&icddtter head at or near the suction inlet to rel ease

conpact ed ils, gravels or, even hard 15 rock, to .be sycked up the tube.
Large cut t diCPSENORVEageletcs §ﬁn%¥%&f ip T‘E{?EW%PFT PHOUS &RE " B?WF%WEW%”&T

cutting poueliem GhielctIRRABE SbaA6EL0RIME: ARELIMGHE oMbk HEe AHARTy SUebpQing €t
lift, air Iift and bucket dredgi ng. Most dr edgi ng equi pment” typically
oper at es omntaflooptapdpt hs of tens of netres, with even 20 very |arge dredges
havi ng maxi mum dredgi ng depths of little nore than one hundred netres.
Dredging is thus usually limted to relatively shall ow water. Subsea

bor ehol es Bichoratn®bf thweddehtiG@an operate in deeper water of up to severa

t housand netres depth. However, subsea borehole nmi ning technol ogy does not
enabl e seafScalnd oseawitiiong ofigy nerfernedibyndistlgiaiec freatasnplade stetripye evaligble
devi ces parti.G i i n d i nt i fi Lon. i or
the pur poedsfnEPLEE It &8 Ry Sharted R BLRRET SRRER oAkl ubifet °F o
be taken agpositioridgiasgiteningRal ofinypisuehubatioss & therseabedmhatafal tib®e préadtted) t
base or 30 were before the priority date of each claimof this applicatjon
common gendh@IUSEFWPEEGE NUAID 192 PRI @ MERPRNITTeEsnEipeDTsPsuER it SUCKVEHET B

WO 2011/15 %@Qf%?q:H_éb%fézs%}ﬁé&osQZr’ﬁ?bnt up the pipe. Cutter suction dredging further provides a

cutter head at or near the suction inlet to release compacted soils, gravels or even hard

15 rock, to be sucked up the tube. Large cutter suction dredges can apply tens of thousands of
kilowatts of cutting power. Other seabed dredging techniques include auger suction, jet

lift, air lift and bucket dredging.

Most dredging equipment typically operates only to depths of tens of metres, with even
20 very large dredges having maximum dredging depths of little more than one hundred

metres. Dredging is thus usually limited to relatively shallow water.

Subsea boreholes such as oil wells can operate in deeper water of up to several thousand
metres depth. However, subsea borechole mining technology does not enable seafloor

25 mining.

Any discussion of documents, acts, materials, devices, articles or the like included in the
present specification is for the purpose of providing a context for the present invention, and
is not to be taken as an admission that any such matters form part of the prior art base or
30 were before the priority date of each claim of this application common general knowledge

in the field relevant to the present invention.



2 In this docunent the term "conprise”, and derivatives including
"conprises", "conprised" or "conprising", are to be understood to convey
i ncl usi orwof20E6ss7 nore stated el enents, integers or sPEPSAU2DULI00ME t he
exclusion of any other elenent, integer or step. 5 Summary of the Invention
According to a first broad aspect the prgFent i nvention provides a system
for seafl oor mning, the system conprisinig: a seafloor auxiliary
mning tool for working a seafloor site tq prepare a bench, and for
deposi t i ng e this gp@meat Eneqgiome¢qpryissr-ead denyataes fMebihing (RORNHSH ' n georyBised or
production . “&&rheﬂ?s'irg" FreR6BEMnAldodE l?c?ébﬁdeg '?né?ﬁsiﬁ’r%f Qifor ok SALIELhRBhs,
ar ea,; a sea of gathering machine for gathering cut ore deposited in
t he gat her iimggas eastepsd byumpirgxghkienédnpotcadcamest] intager diostep.ri ser base;
ariser and lifting systemfor receiving slurry fromthe gathering nmachi ne
and lifting 15 the slurry to the surface; and a surface vessel for
recei ving sty bf i 1hh&tichser and lifting system According to a second
aspect the present rtnvenitron provides a nethod for seafl oor mning, the
met hod conpdegidneg t@ @ pirsi hrdad (pspediehe prasentaingertfdnoprovgics @ spstony for swdbboor
auxi liary m.ning.tool and degosjting cut ore in a gathering area,;
bul k nininémPﬁg’%%ﬁXﬁmﬂf?ﬂmgiggafIoor bulk m ning tool and depositing cut
ore in a gather jRgafRIoeaiuxiliary mining @8t R EIRIng UL sc@fiorf dite M HR§aftad B&lchngh@r ea
using a seafl oor gathering machine, and 25 punping gathered ore as a slurry
from t he gdémdappsigngraeivraa @ gatheriigsgea:base; and |ifting the slurry to a
surface,yessel ysingp b{lfk%%{ni@“% | kit Ol cri¥é s L6 E?g gL &P ?1?& ddJO¥RIBh P Rut
recogni ses that seafloor site of Ihterest °can be %o conpl ex

ore in a gathering area;

a seafloor gathering machine for gathering cut ore deposited in the gathering arca
and pumping gathered ore as a slurry to a riser base;
a riser and lifting system for receiving slurry from the gathering machine and lifting
15 the slurry to the surface; and

a surface vessel for receiving slurry from the riser and lifting system.

According to a second aspect the present invention provides a method for seafloor mining,
the method comprising:
20 preparing a bench of a seafloor site using a seafloor auxiliary mining tool and
depositing cut ore in a gathering area;
bulk mining the bench with a seafloor bulk mining tool and depositing cut ore in a
gathering area;
gathering cut ore from the gathering area using a seafloor gathering machine, and
25 pumping gathered ore as a slurry from the gathering machine to a riser base; and

lifting the slurry to a surface vessel using a riser and lifting system.

The present invention recognises that seafloor sites of interest can be of complex
topography, and the present invention thus provides for multiple seafloor mining tools
30 operating in concert to effect retrieval of the seafloor material. The seafloor auxiliary
mining tool is capable of traversing uneven ground and slopes, such capability preferably
being up to at least 10 degrees, more preferably 20 degrees and even more preferably 25

degrees.



t opography, and the present invention thus provides for nultiple seafl oor
m ning tools 30 operating in concert to effect retrieval of the seafl oor
mat er i al .woOhelsdefsroor auxiliary mning tool is capabl ePofi/AtRamMensissag
uneven ground and sl opes, such capability preferably being up to at | east
10 degrees, nore preferably 20 degrees agd even nore preferably 25 degrees.
WO 2011/ 156867PCT/ AU2011/ 000733 3 Further, the present invention provides a
system adaptabl e in sonme enbodi ments to depl oynent at significant water
dept hs. For exanple sonme enbodi ments nmay be operable at depths greater than
about 400mg : - a r 2

greater thanp@élg e éﬁeﬁfhﬁg{é@?#%\gg% ?tsjy?{sgg?gaﬁgaﬂg%ﬁ?e%% 2%1‘5,[5 %%%%Shéo
mul ti-tool dsplsymmnoaft stgnéfiqanesetet depthenForarxanple winsocrbeibaotts maysefaperable

seaf | oor n ption i shal | ow a Om or ot her | atively
shal | ow su@héfeg %fﬁﬁ)tﬂ égfﬁ &i%%ut %ﬁ%,r dNGIRFCCEY o %%at%rpmaacﬂ‘iq%@a ANfiq ore
references Y&eﬁaﬂﬁy Seat! 0ah 180086RBAM REGriRlest ftiSRSI6d a}aﬁre%ﬁ‘e’d%ﬁ@c the multi-
application of the present invention to mning or excavation of |ake

floors, es ttwrsystﬁmomfr the p1@efy mventidnonrg alse guesdnt 4 osefsl sdaﬂyolf mgong opterr bour
fl oors or th whet

ool T cat) oniter SFalloC G oroR8 haoSUg SEU B pibindsplanli®igny: ARCRIE

Where the @tcﬁbé appre@at thRtrbfefdnRels toSthefscaidonioskbasd & Aat MicridBd o axdedseh
hei ght, the bench 15 hei ght being defined by the cutting depth of the

seaf | oor baPRligian of theoprsenpifventieto mipdrs obexcsesione lafe floprs.estuary Apoiray

be 1 emoyed difa FESETRLA L kL0 LBRGLORLISTE B BLERTThS, SARRLO8L,

aUX|I|ary prepare and I m’ever

may be errplo@y@@ht @aRE.epat @udﬂ%phcatnbngna@mlmclﬁm vafhirt hiee b&@dipbh of ajermesca0
The seafl oor gathering tool may be utilised to renove deposited sedinent,
such as nudPCONEIPYi ng a seafl oor deposit of interest, prior to depl oyment
of the seafloor auxiliary mning tool and seafloor bulk mning tool. It

wi |l be appreciated that in sonme applications where portions of the

seaf | oor rraNhaeri: dhe whteriat tortesetriesod b @ thidkpeargeeaerf tharc h éntdhyhegsytht dench

bili t h hi tl h
por t1 ond3 ol SEHEDSBE G B s Cotie dsatkolr G oeyiet Bufk Bnia el Fbne JBer
porti ons ofofﬁo@@ch%@af 100 Giaterdt rRFORACARBOL S0 bodfidl MR iy BRPLANGthe! Reps

seaf |l oor sites of conpl ex topography, the seafloor auxiliary mning tool is
pref er abl y Toeptajed atmiliani mirng twil lﬂelyé:)@cwém orepargmdexiangiosy bbrechslepdr] oor

auxi Liary” 0100, 190l TR B EPAR i) On@5RRe balerlfirseaf oo bul k

20 The seafloor gathering tool may be utilised to remove deposited sediment, such as mud,
overlying a seafloor deposit of interest, prior to deployment of the seafloor auxiliary
mining tool and seafloor bulk mining tool. It will be appreciated that in some applications
where portions of the seafloor material of interest, such as ore, are sufficiently easy to
mobilise, the gathering machine may be operated to directly recover such portions of the

25 ore without the need for substantial cutting of such portions of the seafloor.

In embodiments of the invention deployed to seafloor sites of complex topography, the
seafloor auxiliary mining tool is preferably employed to initiate site excavation. For
example the seafloor auxiliary mining tool may prepare a landing area for the seafloor bulk
30 mining tool, and may excavate extremities of the site in order to prepare a first bench ready
for the seafloor bulk mining tool. The complex topography can include seafloors of
varying strength and consistency, such as sands, silts, mud, rock and stockpiles of

disaggregated ore.



30 mning tool, and may excavate extremties of the site in order to
prepare a first bench ready for the seafloor bulk mning tool. The conpl ex
t opogr aphwyocan/issssiude seafl oors of varyi ng strength an@#CTaidEI®OBY, such
as sands, silts, nmud, rock and stockpiles of disaggregated ore. WO

2011/ 156867PCT/ AU2011/ 000733 4 After the 4seafloor bul Kk m ning tool has cut
one or nore benches, and the gathering nmachi ne has gathered cuttings to

cl ear the one or nore benches, the seafloor auxiliary mning tool is
preferably further enployed to excavate remmant bench extremties or edge 5
sections i [ : Yrk N u 10| - 00l .
Such embodi aan 1 1 aeun R i YRFTRE bublerk G BER; 0ORes Y Do kel
nobi | ity amchchmeuraacgatiioned awmaungs af cloarl thecaret dbmmoompaduhks, tthie seaftbot hwsgiliary

m ni ng net hadol ogy is proyvjded whereby the seafloor auxiljary mning tool
s enpl oyedin@EPos é’ffg Pl %@93”%@@@%@@3& 6P CAULICALY SF8Si ng
tool preferallons Ch8@eSsiblb StoOWRd/BHEypRGEd 1Yy ahdURRI&t BulkOnfRab! ®of. hesuch
seafl oor auxiliary mning tool to progress through a fornmation as it works.

For exanpl entbhdinzmks tecagrysanthai s hulkowninimgtoop isndikdly ¢o bagk tnhatglstyi amdsAcaunagy fror m

to a position lateral to the t.ool's path of .travel . \Were the seafl oor
auxi 1 Lary. driungt P cule dpeiRg: ald B dirtising R Bpaupey ket §harBFine
cuttings ofsedfftRr a@afibgahingigxbdl igedplHydd Rotrin®Qlchat@nditetaioabl y 15 gat hered
by the seafl oor gathering machine. Thus the gathering area in which

cuttings fromthe auxiliary mning tool are deposited need not be the sane
as the t her.i ea i ng- C I 0 bul oQl_ar.
deposi tgg. bﬁleﬁ%gﬂ%ga nglr au@ﬁgi té?{/b{rf}?%ﬁﬁg ({%atég?ts soeart< F%ﬁé%% E (ﬁl’lml %lge %Oool
and seaf | oenalgatireschfigortaaelliapdmimiyg et o begads tirbagthe fathatienat &lworkpeFai ed
vehicle (ROV), or may be a tethered vehicle operated by unbilicals

connect i ng SkyMPIRdhpixilsy mipingiteR] Ay Pured Peeitangs 1n SWDCIRTMHR apesifipp el k
m ni ng tool rks h il . . or
gat hor ng. t 3 Sp R OP By R BB ALY i R S R PR o
avoi d t ool mtotest; fseclens eyre,athd ¢uttirmpsoofdthenimafloerahuwehdrangineme ndol i ave tthefembge of

tethered_vehjcles. | n preferred enbodi nent during this tine the seafl oor
bt 1 an3 g ol Salrd SEtmogra ndpehd i Banre HEe Thodra: SUnpe
empl oyed i BrdnDBicraukBRPERTHIUE tdAASIQPAsRRENRH nIPHE (1REAMAL hOENENET Wed B N
range nearby. Such enbodi nents provide for work on nultiple bench sites to
be progr esyduchsiuttimgsainen thsl bulk imyging &l Aty depositedt i | i sation and site 30
productivity. WD 2011/ 156867PCT/ AU2011/ 000733 5 task. For exanple, the bul k
m ning tool may be configured to have the greatest negative buoyancy of the

seaf |l oor t okSeafldbrAudiant Mading iedb1 bsdaRosi M1k Gnih D@l tobPdhERANYoS sfthdrEigeabl
downwards force to enable production cutting of a bench. The seafl oor

auxi | i aPy mayi eagh been untethsred wmakaly operated gighisls (RO Yiwe man dguaedierrdgahiole
buoyancy t %le%’Ee'i‘i'bS &nﬁﬁli@alﬁ(&éﬂn%&}/ng to the surface.

During a time period in which the seafloor bulk mining tool works a bench, the seafloor
auxiliary mining tool and seafloor gathering machine are preferably kept at a distance from
25 that bench to avoid tool interference, and to avoid umbilical entanglement in the case of
tethered vehicles. In preferred embodiments, during this time the seafloor auxiliary mining
tool and/or seafloor gathering machine are preferably employed in their respective tasks on
one or more separate benches within range nearby. Such embodiments provide for work
on multiple bench sites to be progressed simultaneously, increasing tool utilisation and site

30 productivity.

Each tool’s buoyancy may preferably be selected and/or variably controlled in order that

the tool has sufficient weight when submerged to apply the forces required for that tool’s



5 cutting tasks to be conducted by the seafloor auxiliary mning tool. The
gathering tool may require relatively little negative buoyancy, for exanple
merely rewoi2nivigessaf fi ci ent negative buoyancy to give tpatiAtaniifoos73geaf | oor
| oconpti on except and unless in a cutting node. The gathering tool may for
exanpl e have vari abl e buoyancy to permt 5t he gathering tool to becone
positively or neutrally buoyant so as to-rise above the seafl oor and

navi gate 10 around the site using propellers or_other thrusters, before

settling atask W cseapicotic hube atinigs topldasy hegerfianeediodirardhe erepestseegptivor
auxiliary ripi t t:he m ni I in
sone enbod?%gﬁﬁgyﬁg&geggggggwgn%Jgfgﬁgs&%ﬁgkgﬁ#%g%@gﬁ%ggbhﬁ'ﬁgwgﬁ%ﬁgé%g%t
sim | ar sudbwnamidyabroerto ahable prdtricseatittog of ADhehtle Feaktadloor burtikianyi minrge
tool is preferably designed t rk on a relatjve flat and rel ativel

hori zontal ‘et ﬁr%%rﬁﬁé(c@n el 4o dite Atk Rg Y Yo ARACE o té‘ﬁta_flf“i]ﬂ%’
depth whil @uii@\aks td1ek &mldased B?%&%M&r%ﬂ%flﬁ%iﬂi@tﬂoﬂgrl%lééthé} tbé) thAyace
for subsequent “gathering by the seafl oor gathéring tool. The seafl oor bBul k
m ni ng t oolrequimsf edlatbicly ditls maghistarbuppdrcy, dor entinple bendh teyuirmgy exféiciegt t he
surface of th%.b nch intone or nnrz?Patﬁs. FO Thg cuttiQ%%paths.of tqg bul k
mi ni ng t 0o BHE Y BIHP B p YT PR aT v B IRE% 0P RRUY & FREFLYY P B A (HLe
bench basednhqm. tiine gﬁﬂl%ﬂﬂ%td@‘?ﬁﬁl? foi ZRNPNChRBREHASIBBREY LYY & pdtthitthe bitBesid €
concerned. Preferably, the gathering area into which the cuttings are
deposi t ed Hgoltesewmdpasitivichigerissiralppbiayanhee asdensise st thnseaslophandoreigsénch,
wher eby 4 h I 1.0l t ] t i.al r i ng
the or o0 ST RCufY e Bt S B eelt BRKY wBHRE YL AN hRElRERM
oper ati on twadéoeigstianbidyangut Thargeaflequiawghmntsiningrtosiahd budrkthispafiayr bulk

wi t hout being, conplicated by consideratjons of relocating cuttings. .

Al t er nat i veM)INEgnE0haPi3Er RifgY Er sANereRMINdIges Nave r giaPlse B IBE NN, SEitbIG an

alternativ ﬁgmg 'ﬁﬁ& afihine LAR t'H%/ﬁﬁﬁ& i i ner and bul k m ner
are configE? mﬁ% s%ﬁr§§ %rgﬁéfég%%?%esb |ch%§&§oérranged to deliver
cuttings fromthe respective tool in a slurry formto a stockpile site

di st al omthe cutti | ocation .of the 2011/ 156867PCT/ AU2011/ Q00733 6
reapect 1e Hsgratis GBm iRt PLeTEhE GRTHER Ao ke e Ay ofl: o0
llargely or rélQﬂi&’eéy@th_oHE‘&ltﬁt RGKRIhfa& b ARG /LA Vi8b Hatkheidiof fuitRigt pubase
of the riser and lift system Such enbodi nents nmay be advantageous in

renovi ng t hehideprevaising eacodsst the ruchesurfage,miveingecytioghu e iplidey faynsublsequsat k

m ner and/ or auxili mper oducti vity. That | t he. gat heri machi ne
maycont 1 et by AbY sTBPF sEROME belor ticr W fber B Siiiot bifde By Tunen
t he bul k msﬁwmﬂaﬂﬁ% cathd bdnah Yoy Maversirl e RQtfaceUdftth® Benchniél/ Ak or more paths.

si mul taneously with when the bu?k m ner and/or auxiliary mner are cutting.

The seaff odhegatttieg ipAds tdothephuk apiming teod mpe i selsraklynepiimesed | tQr mpxinypere
whi ch can o r \ L [ hal. t [ tQ:

gat hor od, Suish acRIh L LARNLROEL (RO GHARE BT MR bfine it o the
seaf | oor auké bérmkesheth ni ng tool and/or cuttings of the seafloor bul k m ning
tool. Thereby, suction at the slurry inlet causes water and proxinmal solids
to be drawmn into the inlet in the formof a slurry. The seafl oor gathering

tool pref erpalibyoRam A RNk SrlihAAMHTER thoAflil SROTABEAIALY Y BLRThfAHg ool

connection
25 is the same location as the ore bench, whereby the bulk mining tool cuts the ore without

substantially relocating the ore. Such embodiments permit the bulk mining tool design,
function and operation to focus on the cutting requirements for such bulk mining, without
being complicated by considerations of relocating cuttings. Alternatively the gathering
area may be distal from the ore bench.

30
In an alternative embodiment of the system, the auxiliary miner and bulk miner are
configured with slurry transfer pipes which are arranged to deliver cuttings from the

respective tool in a slurry form to a stockpile site distal from the cutting location of the



15 transfer pipe for transfer of the slurry to the riser base. In such

enbodi nents, the renpte connection system enabl es depl oynent and recovery
of the gawbepimgessachi ne to and fromthe seafl oor w t hoRCTaazomény73ef t he
slurry riser system The suction at the slurry inlet may be generated by a
punp of the gathering tool, or alternatiy t?ely may be generated by a subsea
transfer punp at the riser base. 20 The bench may conprise an ore bench of

val uable ore to be retrieved,  or conprise a bench of hard rock,
consol i dat GeFDEFIGriERndBIH A EBEOMECaN the 2atheripg mschme amayowerknareshy e onlp abe

removed f Or‘dﬁéé&t?ﬁé)ﬂ@%‘itgoaﬁfs%elrf!@f g&ﬁg‘reme ‘r\d)g%rﬂﬁr% of B i QPLandRESHNRm. Such

sul phi des. riser system preferably conprises a“subsea
slurry |if tenpodimdnes muyrpe ablvantagcbas inhenmuhﬁgahe de¢gendergl o thid getherpigp@achline

surface vesse na be .a navi gabl e esseJ atfo r ot her
surface hab ﬂ% the By ahé nfeand aBFlé‘P’é’r &ﬁ&%l&ves%mttﬁ? gifgering
equi pmeng trﬁ)dcﬁﬁl\é@ﬁ@}r cdftBud® shiHer yrew%ﬁﬁy%ﬁﬂoiermttﬂ@stwaﬁre si@NQei@hch Wikd her
corrprl se ore transfier and/or processi ng acilities such as an ore

concent r at dulk myEr 20d/bt PEEBBHPTTHAIRZO hof OOOTS3nd/@r jipfilt@essusly prittowhet thde
Dr awi ngs n,.exa e invention wll now be described with reference

A
to the accéﬁgﬁﬂ nﬁﬁmﬁ? %Fﬂﬁ%yn?%ﬂﬁﬁ?%ﬁuf%Flgure 1lis asinplified overview

of a subsea systemin accordance with one enbodi ment of the present
i nvention; ure 2 is a flowhart illustrating seafl oor operations of
the syst em1de ﬁagmregfﬂhemiggm% 1Beigeabdy aPmprises ysnebitce sluprgnivéat avhigh sgnelssi on

R A
ar r angenentunt@isolidgted peditentsystiegs of tht heaffovh adkitent mafind-t@laed/di cuttings of
the seafloor bulk mining tool. Thereby, suction at the slurry inlet causes water and
proximal solids to be drawn into the inlet in the form of a slurry. The seafloor gathering
tool preferably has a remote attachment and disconnection system for connection of a riser
15 transfer pipe for transfer of the slurry to the riser base. In such embodiments, the remote
connection system enables deployment and recovery of the gathering machine to and from
the seafloor without recovery of the slurry riser system. The suction at the slurry inlet may
be generated by a pump of the gathering tool, or alternatively may be generated by a
subsea transfer pump at the riser base.
20
The bench may comprise an ore bench of valuable ore to be retrieved, or may comprise a
bench of hard rock, consolidated or unconsolidated material, or other scafloor material to

be removed for other purposes. The ore may comprise seafloor massive sulphides.

25 The riser and lift system preferably comprises a subsea slurry lift pump to pump slurry to

the surface through a riser pipe.

The surface vessel may be a navigable vessel, a platform, a barge, or other surface
hardware. The surface vessel preferably comprises dewatering equipment to dewater the
30 slurry received from the riser, and may further comprise ore transfer and/or processing

facilities such as an ore concentrator.



Figure 5 is a block diagramillustrating a dewatering plant process
suitable for use in the enbodi nent of Figure 1; and Figures 6a to
6e il | ustwatelizaisessaf | oor m ni ng environnment at sel ect ed PeimglLIger3es 15
during operation of the systemof the present enbodi ment. Description of
the Preferred Enbodi nents The follow nggabbrevi ations and acronyns are
used throughout the follow ng detailed description: mMetres PSV Production
Support Vessel RALS Riser and Lifting System ROV(s) Renotely Operated

Vehi cl e(s) RTP Riser Transfer Pipe SM5 Seafl oor Massive Sul phide SMI(s)

Brief Description of the Drawings

An example of the invention will now be described with reference to the accompanying
drawings, in which:
5 Figure 1 is a simplified overview of a subsea system in accordance with one
embodiment of the present invention;
Figure 2 is a flowchart illustrating seafloor operations of the system of Figure 1;
Figure 3 generally illustrates temporal progression of mining at two nearby seafloor
sites in accordance with the embodiment of Figure 1;
10 Figure 4 illustrates a suitable riser joint and connector arrangement for use in the
system of the embodiment of Figure 1;
Figure 5 is a block diagram illustrating a dewatering plant process suitable for use
in the embodiment of Figure 1; and
Figures 6a to 6¢ illustrate a seafloor mining environment at selected mining stages

15 during operation of the system of the present embodiment.

Description of the Preferred Embodiments

The following abbreviations and acronyms are used throughout the following detailed

description:

m Metres

PSV Production Support Vessel
RALS | Riser and Lifting System
ROV(s) | Remotely Operated Vehicle(s)
RTP Riser Transfer Pipe

SMS Seafloor Massive Sulphide
SMT(s) | Seafloor Mining Tool(s)
SSLP | Subsea Slurry Lift Pump

GM seafloor Gathering and cutting Machine

AUX seafloor Auxiliary Mining machine

BM seafloor Bulk Mining machine

20
Figure 1 is a simplified overview of a subsea system 100 in accordance with one

embodiment of the present invention. A derrick 102 and dewatering plant 104 are



Seafl oor M ning Tool (s) SSLP Subsea Slurry Lift Punp GM seafl oor Gathering
and cutting Machi ne AUX seafl oor Auxiliary M ning machi ne BM seafl| oor Bul k
M ni ng newbi2oe/158567 WO 2011/ 156867PCT/ AU2011/ 000733 8 nmpamiAaopoor3an
oceangoi ng production support vessel 106. PSV 106 has ore transfer
facilities to load retrieved ore onto barge 108. The present enbodi nent
provi des a system 100 operable to 2500m c§ept h, however alternative

enbodi ment s ma¥ be designed for operation to 3000m depth or greater. During
product i on Tk TRMSAN QeanERIBE PRRAVCHED swsost wespebMiPg) kY |106hag nag trapster

excavate or ﬂfit'ié%%? i RERREH ol fhio mgﬁ%s Hg%’g&%gﬁ%n?ooﬁﬁﬁ%éﬁ}?&i@éélaiksﬁ%ﬁi ng

machi ne 112, a sea or gat hering nachine a sea auxi |
m ni ng machHofeoptidble M 28M0mrdepils lgpatcher ederantd/ cpempatiments mine bk odasigntd for
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5 (SMTs) will be used to excavate ore from the seabed 110. The SMTs comprise a seafloor
bulk mining machine 112, a seafloor gathering machine 114 and a seafloor auxiliary

mining machine 116.

Mined ore is gathered and pumped, in the form of slurry, through a riser transfer pipe (RTP
10 120) to the base of the riser 122. A subsea lift pump 118 then lifts the slurry via a rigid
riser 122 (shown interrupted in Figure 1, and may be up to 2500m long in this
embodiment). The slurry travels to the surface support vessel 106 where it is dewatered by
plant 104. The waste water is returned under pressure back to the seafloor to provide
charge pressure for the subsea lift pump 118. The dewatered ore is offloaded onto transport
15 barge 108 to be transported to a stockpile facility before being transported to a processing

site.

Figure 2 is a flowchart illustrating in more detail the seafloor operations of the SMTs 112,
114, 116. The process 200 commences at 202 with the SMTs 112, 114, 116 descending
20 from PSV 106 to the seafloor site, and RALS 122 being deployed. SMTs 112, 114, 116
are cach launched from the PSV 106 via an articulated A-frame and deployment winch,
configured to pick up the respective SMT and launch it over the side of the PSV 106, to be
lowered to the scafloor by the deployment winch. At 204, unconsolidated sediment
overlying the site is removed as a slurry by a suction pipe of GM 114, and deposited in a

25 pre-defined area down-slope and down-current that does not form part of the mine.

At 206, pre-existing obstructions presented by the potentially complex and irregular
seafloor topography are cut down by the AUX 116 in order to prepare a landing, cutting
and gathering area for the BM 112 and GM 114. Figure 6a illustrates the seafloor mining

30 environment during stage 206. In complex and very irregular seafloor topographies step
206 may occur before step 204. The AUX 116 may also need to prepare a site for a
stockpile 124.
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edges of the bench. Figure 6b illustrates the seafl oor m ning environnent
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t he gat her iGigemaelbulie nilididg cale fahdBM ¢ U2 titi i8gIpédt@imhat some portion of the bench,

particularly at lateral extremities and footwalls where the BM 112 must maintain a safety
margin as well as have room to turn around to begin a new traversal of the bench, will not
25 be fully cut by the BM. These remnant edges can be left in place while multiple layers of
benches are removed, until the remnant edges become large enough to require removal.
Thus, at 214 the process returns to 210 if the remnant edges are less than 4 m high. This is

shown in Figure 6d, in which the bench edges are about 4 m high.

30 Once the remnant edges become about 4 m high, being the maximum working height of
the AUX 116 in this embodiment, then at 216 the process instead calls for the AUX 116 to
cut away the remnant edges so that the entire bench presented is once again suitably flat for

the BM 112. Figure 6e illustrates the seafloor mining environment during stage 216.
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of 2500m, which are operated and co-ordinated from dedicated controls on board the PSV

106. The SMTs excavate ore bearing material from the seafloor. The three machines in
combination cut, size gather and excavate ore from the seafloor 110.
25
Overall, the seafloor mining equipment is operated as two interdependent functions, being
ore cutting on one hand, and gathering and pumping on the other hand. Broken floor
stocks and/or stockpiling provide a buffer between the two functions. Control systems on
board the PSV 106 ensure efficient optimisation of SMT operations whilst maximising a
30 safe working arca between machines, umbilicals and lift wires to ensure ongoing and

efficient seafloor excavation operations.
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or i nt egf arewlaycd o exeavammuliypedayery abedspcmtihtrorencharraaows to around 750

square metres or more. Due to the boom mounted cutting head of the AUX 116, the bench

height cut by the AUX 116 in this embodiment is around 4 metres.

Excavated particle size is controlled by the AUX / BM cutter type and speed of
25 advancement, and in some embodiments also is controlled by the GM 114. This is
determined by cutter pick spacing, angle, speed of cutter rotation and rate of machine
advancement. Cutting system parameters (cutter rotation speed, cut depth, advancement
speed) can be manually or automatically controlled. In some embodiments, interlocking
may be provided as a safety measure to prevent stalling of cutting operations and potential
30 damage to the machines. In alternative embodiments particle size may be controlled by a

seafloor crusher or sizing device, which may be separate to or integrated with the BM.
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seafloor topography and operational and maintenance constraints. In some systems,
production rate can be predominantly driven by the cutting machines, and some
embodiments of the invention may accordingly provide for the gathering machine to be
operational only part of the time in such systems. Gathering machine parameters (flow
25 rate / GM advancement speed / auger speed / suction head control) are controlled and/or

set by operators on the PSV 106.

An inlet grizzly sizing screen is used on the GM 114 inlet to prevent over-size particles
being introduced into the slurry system 120, 118, 122, 104. The system 100 is designed so

30 that this grizzly screen size is interchangeable.

The gathering machine 114, and in some embodiments also the BM 112 and the AM 116,

has a pump and control system which maintains the integrity of slurry flow and accounts



the GV 114 has a dunp valve that is activated when the slurry flow
integrity is conpromised. In alternative enbodi nents of the invention a
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i ncorporates a back flow systemto assist in clearing any slurry system
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pipes and valves that direct high pressure water from the slurry discharge line back to the

suction head of the gathering machine 114. In embodiments where the stockpile hose 126

and stockpile system 124 are provided, dump valves and/or backflow systems may

15 similarly be provided.

Figure 4 illustrates a suitable riser joint and connector arrangement for use in the system of
the embodiment of Figure 1. The Riser and Lift System (RALS) lifts the seawater-based
slurry containing the mineral ore particles to the Production Support Vessel (PSV) 106 at
20 the surface via a vertical steel riser 122 suspended from the vessel. The ore particles
mined by the SMT are collected using suction, and the particles thus become entrained in
seawater-based slurry which is then pumped to the base of the riser via a Riser Transfer
Pipe (RTP) 120. A Subsea Slurry Lift Pump (SSLP) 118 suspended below the base of the
riser 122 will drive the slurry from the base of the riser 122 to the vessel 106, which will be
25 over a height of up to 2500m in this embodiment. Once at the surface, the slurry passes
through a dewatering process 104. The solids are transferred to a transport barge 108 for
shipment to shore. The waste water, topped up with additional seawater as required, is
passed through a header tank system onboard the PSV 106 and pumped back down to the
base of the riser 122 via auxiliary seawater pipelines clamped to the main riser pipe 122.
30 The return scawater, on arrival at the base of the riser 122, is then used to drive the
positive-displacement chambers of the SSLP 118 prior to being discharged into the sea

close to the depth at which it was originally collected. Alternative means to drive the



30 The return seawater, on arrival at the base of the riser 122, is then
used to drive the positive-displacenent chanbers of the SSLP 118 prior to
bei ng di swbangedesont o t he sea cl ose to the depth at whi elTiAUv20EME3Bgi nal | y
collected. Alternative neans to drive the WD 2011/156867PCT/ AU2011/ 000733
14 SSLP 118 can al so be provided, for ex |l e electric, hydraulic,
pneumati c or el ectrohydraulic systens, anbng others. As shown in Figure 4,
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to drive theecpepsluriyaeds theschebrivhihiggbolk e4 20 tharerurdabier pipk 12@TRSSIUH ch

carry the control data signals fromthe surface tg the gynp 118. The two
(dual redurd@nebyeayaiiy Pedps tho plugignior Hie BrodugfionsSuprort §'cayeh 196 dhe Puny

cl anps on i i i 0 Ll | St ng
tho Tiser J'oRlL Fls Ahonitel b Bimpihthonp Coch g TE L B Ine(Y SHGDI HERALE
pr essuri zegowavedisplacanéentpunipectButbsssadrden Hyupressutisddt witanpelivbged fubintsuphes

triplex_ or centrifugal nmps will be insta d.on the Praducti ort
Vesbel 106 PUEPH “EiaiingeRAmBt o{stish BB | o, LRaPHFDAALR X SOBTol Ot che
residues) ispriideveaQWRTEY b)Ja ROADERBiscdRRBtroR c WykfdmS Whi@C BaSEAWRIES dighdide
requi red vol unme before being punped down the water return lines to the SSLP

118 at deptthrougthanshilidah ceblsy 30 enrécavorp oprit@sumt petthe rpuwet éi 8.hBaddions ank

fed f t he d i t d, t 3 ith th ired vol t
arive the eopper i S A ik SERRT uiPatd i PrvbERlG S 2l 1
seawat er Vilgcatedssthe pasd 118, The cesisel powdrlto ditketheaiotfer bickis e fdieBeRikh tank

is delivered to a bank of charge punps which boost the pressure for
del i ver y0t sampambalical cefples whichgefracthe sontpel. datayggnals from the surface to the pump

2011/ 156867lﬁ)§T"i"€éU%9&J((il?aqngu?hdancy) umbilicals for control of the SSLP 118 are secured to

clamps on the riser 122 with the weight of the umbilical distributed along the riser joints.

The main function of the surface pumps is to provide pressurized water to drive the Subsea
25 Slurry Lift Pump 118. Multiple triplex or centrifugal pumps will be installed on the
Production Support Vessel 106, all taking water removed from the slurry mix (< 0.1 mm
residues) in the dewatering process, made up with surface seawater to the required volume
before being pumped down the water return lines to the SSLP 118 at depth. The surface
system incorporates a return water header tank fed from the dewatering system and topped
30 up with the required volume to drive the SSLP 118 using centrifugal pumps extracting
filtered surface seawater via a sea chest in the vessel hull. The water in the header tank is
delivered to a bank of charge pumps which boost the pressure for delivery to the inlet of

the surface pumps.



15 A derrick and draw works system 102 is installed on the support vessel
106 in order to deploy and recover the riser 122 and subsea |ift punp 118.

I n addi tiwo,20hizmse8erng systens within the area of the dePCra200d00m%e t he
SSLP 118 into a designated naintenance area. 5 A surge tank is incorporated
bet ween the RALS di scharge and the dematﬁging pl ant 104 to noderate

i nstant aneous slurry variability prior to"feed into the dewatering plant.
In an alternative enbodi nent the vibrating screens in figure 5 act as a
surge tank and a surge tank for fines under flow is placed between the

doubl e deck, gehee gi!lhrvé\m!{)-lciy&rﬁ? s%@erﬁ'yl@ﬁqg GhaRE Jﬁa%g gfalic%%’srsgl Po6 iﬂ‘?rde]i ey,

dewat eri ng system receive ore rom as m nera
To ensure tdaplbytahe redosei egiset & end substa lfiqport ] 1& He allditige, hankling spftermat er

within the slurry nmust. be re gure.5, the dewatering
process of Wlml%t%ﬁﬁ?foﬁfﬁg @efaglélg%wm@w L@gnt?ra%rgnam%ﬁan%sa%u on:
Stage 1 s Screening - using vibrating double deck screens Stage 2 -

De-sandi ng - using hydro cyclones and centrifuges Stage 3 - Filtration -
using filtexsurg@taukbs acorpgrased baweedetk R AkS disshatgt andtpalcnnring plavads

particles fromthe rr strean1 T se coars es are.con ed to
o’ 1 oo dr AT Snitiebus ShES M PERS s Rid fehl ke eSS Plfiie Pl ooy o
the requir egemBiivd tiBodii@ht theklyﬂabﬁg\tme@lsbmﬂ@ﬁe Geqvk fab faly e%d ank %84 at Qirge
provi de nechani cal dewatering of the nediumparticle size fraction to

ensur e t he tankq ot depoinsienrifow i i plaped rbeteerad thepglophlgr decky spispEsg agnd dlten
used to,ge 5&&%ﬂ5@ %ﬂ&k&%@ §eg|ne particles (>0.006mm fromthe slurry
no

feed mhlch ave ved by the screen decks. Filters are used to
dewat er the valuable fines (between 0.5 mmand 0.006 mm prior to |oading
on to the transport
The dewatering system 104 will receive ore from the RALS 122 as mineral slurry. To
ensure that the ore is suitable for transport, the large volume of water within the slurry
must be removed. As shown in Figure 5, the dewatering process of this embodiment uses
15 three stages of solid/liquid separation:
Stage 1 — Screening — using vibrating double deck screens
Stage 2 — De-sanding — using hydro cyclones and centrifuges

Stage 3 — Filtration — using filters

20 Vibrating screen decks are used to separate the coarse particles from the slurry stream.
These coarse particles are considered to be free draining and will not require any
mechanical dewatering to achieve the required moisture limit. A vibrating basket
centrifuge is used to provide mechanical dewatering of the medium particle size fraction to
ensure the required moisture limit is reached.

25
Hydro cyclones are then used to separate the valuable fine particles (>0.006mm) from the
slurry feed which have not been removed by the screen decks. Filters are used to dewater
the valuable fines (between 0.5 mm and 0.006 mm) prior to loading on to the transport
barge 108. This ore size fraction requires greater mechanical input (vacuum) to remove

30 moisture. The ore/slurry waste water is then returned to the seafloor via a pump-set and
piping system. A dewatering plant 104 is installed on the topsides surface facilities, in this
case the PSV 106, to reduce the moisture content of the ore to below the transportable

moisture limit (TML) of the ore. Reducing the moisture content below the TML allows



barge 108. This ore size fraction requires greater nechanical input
(vacuum to renove 30 noisture. The ore/slurry waste water is then returned
to the seabl2oorisedea a punp-set and pi pi hg system A dewaCerAumgiipoexss 104 is
installed on the topsides surface facilities, in this case the PSV 106, to
reduce the noisture content of the ore ti bel ow t he transportabl e noisture
limt (TM.) of the ore. Reducing the noi ?ure content bel ow the TNL alloms
WO 2011/156867PCT/AU2011/000733 16 safe carriage of the ore by shi
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configuration of water| n e case wat eri n

failure, thkenfjatriwérn ofglewachingeldhid wi || di sengage t he seafl oor 110 and
conti nue punping seawater. The volume of the surge tank is sufficient to
accommodat e the volune of slurry in the RALS 122, 118 in the case of any

dewat eri A9 pkiantasd @¢ dgﬁ‘htjeHﬁg plahh €05 Hﬂ'ilfé/ th@gétﬂ&lt@ﬁh&lﬁé@sl 141421 Wskhgade the
di scharged to the surge ta or vibrating Screens and surge tank, until

seawat er omntafldos 140 s eergmde pompingf wewatentThatviobime oﬁrtbe sarge fankdie watfisknh tp
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| ocation f @lank he4 ehifed. | P hrrPinthe R A1 1 BYIAPORAIR b@'dﬁscHM@bd\ﬂ) thPk@ge sikngr and
of fshore | oading activities to enable safe and efficient mning of the 15

seaf | oor défﬁzsétint&scw@s apdggetapk gmtig seavesies only is Wischyeediosurfeee at whieh time

d t t d
e N R R LI A A e
to st ockp| Ilnfmn@w& tﬁuwﬂcﬂwgﬁthdrfngaﬁmhnie shaicddvitt. i es St ation hol di ng

capability for the vessel is via dynam c positioning. Alternative station
hol ding may be by nporing the vessel, or by a conbination of both dynam c

cystom 100 o h G O R o e Sk i P e AT SERAR Sl Rfne,

achi evi ng grersyngstal eoffsbafd bading adtivgicani gmbtﬁemfngamlr officcnt mm,nn@uof\ thees

seaf| OorlS msstga 0\6(1? dg]gl)Jols 1?8 (ecovely 8}: glguo% ItoO‘Hle surface treatment (dewatering, including
return of treated water to seafloor) and off-loading of the dewatered ore into the
transportation barges 108 for onward shipment to stockpiling and subsequent treatment
facilities. Station holding capability for the vessel is via dynamic positioning. Alternative
station holding may be by mooring the vessel, or by a combination of both dynamic

20 positioning and mooring depending on site specific conditions.

The system 100 of the present embodiment thus provides a means and method for
achieving steady state seafloor mining and gathering production, such as seafloor massive
sulphide (SMS) production.
25
It is to be appreciated that particular terms used herein may be synonymous with other
terms which equally describe the present invention, and the scope of the present
application is thus not to be limited to any one such synonym. For example, seafloor
mining tools may also be referred to as subsea machines, a production support vessel may
30 be referred to as a surface vessel and/or surface facilities, ore may be equally or
alternatively referred to as rock, consolidated sediment, unconsolidated sediment, soil,
scafloor material, and mining may comprise cutting, dredging or otherwise removing

material. Moreover, particular values provided give an illustration of scale in the described



It is to be appreciated that particular terns used herein nmay be synonynous
with other ternms which equally describe the present invention, and the
scope of wbeopresssnt application is thus not to be |im PewARIANPIBAE such
synonym For exanple, seafloor mning tools may also be referred to as
subsea machi nes, a production support veﬁel may 30 be referred to as a
surface vessel and/or surface facilities, ore may be equally or
alternativel ){) referred to as rock, consolidated sedi nent, unconsol i dat ed
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CLAIMS: 1. A systemfor seafloor mning, the system conpri sing: a
seafl oor auxiliary mning tool for working a seafloor site to prepare a
bench, amsiof2or1/degsosi ting cut ore in a gathering area; PCT/AU20118068Baf | oor
bul k m ning tool for production cutting of a bench and deposition of 5 cut

ore in a gathering area; a seafloor1 gat hering machi ne for gathering
cut ore deposited in the gathering area gnd punpi ng gathered ore as a
slurry to a riser base; ariser and lifting systemfor receiving

slurry fronCLABM§at hering machine and lifting the slurry to the surface;
and 10a sur{ace vessel for ﬁecei ving slurry fromthe riser and lifting
system 2.1 The AP¥UFMIASRIATTRG e TSP RINCOMINEISI n t he seaf | oor
auxiliary mning {afbor a%xﬁpd%fz hﬁHi'h@%él%_PW%ﬁﬁn% b ScfMbr GHE kb PEPate®: BerldY P
site to enable the seafloor auxilrary mning tool to progress through a

f or mat i on amdifor depokising cBt or¥hea gytbemmg @sa;cl ainmed in claim1 or claim 2,
wherein the seafl oor bul k m.nin tool, is configured t rk on.a

ol ativel y f 1t caraod b JUpE oot R el st Sbed et

i nto the ssutdkEintadathctbtatddg depth while traversing across the bench
surface, such that the seafloor bulk mning tool may cut substantially an
entire bench by & scafleersgatberingemeehinader githerhig ¢dmed depostipé o thergptbeng hs.

4. The syst | ai. i one..o | aj. to 3, wherein the seafl oor
bul k 20 m nﬁ%gfdo%qﬁlggg%h riegt%?{ee%f%%u govaghg%? ‘f’engs in place for subsequent
gat hering by the seafanddiftig@tysednh Hgr feoeivingdslur €rosy SicegatRgingl @hdttk hid any
one of clains 1 to 4 wherein the seafl oor gathering tool conprises a nobile
slurry i nl diftiggithaslegntofe syifceotdabl y positi oned proxinmal to material to
be gat hgned wher i . u&’]ﬁf | . . and 25

pr oxi malelosol i ds aﬁgly%gygérsgﬁoﬁe\%%b@ﬁéi I I%?ﬂlﬁ\eqﬁﬁga#%gﬁﬁngﬁkgégl urry. 6. The
system as c2.ai nebthd gysenyasoeieinedl iolchiimsl, IvHeceih thehseaoor dukdiaseafiniogtool is

gathering tool. has a renote attachnent and di sconnection systemfor,.
connect i on YPIZUICASRCledr I PR Hftpies g2 THRSTEO GTapis g M 1P CHRUREY (i ser

base. "min #?to%yf%gﬁﬁgr%% it RABGoinfatiohak Mworkhier ei n suction at the slurry
inlet is generated 30 by a punp of the gathering tool. 19
3. The system as claimed in claim 1 or claim 2, wherein the seafloor bulk mining

15 tool is configured to work on a relatively flat and relatively horizontal bench surface
and to cut down into the surface to a cutting depth while traversing across the bench
surface, such that the seafloor bulk mining tool may cut substantially an entire bench by
traversing the surface of the bench in one or more paths.

4. The system as claimed in any one of claims 1 to 3, wherein the seafloor bulk

20 mining tool is configured to leave cuttings in place for subsequent gathering by the
seafloor gathering tool
5. The system as claimed in any one of claims 1 to 4 wherein the seafloor
gathering tool comprises a mobile slurry inlet which can be controllably positioned
proximal to material to be gathered whereby suction at the slurry inlet causes water and

25 proximal solids to be drawn into the inlet in the form of a slurry.

6. The system as claimed in any one of claims 1 to 5 wherein the seafloor
gathering tool has a remote attachment and disconnection system for connection of a
riser transfer pipe for transfer of the slurry to the riser base.

7. The system as claimed in claim 5 wherein suction at the slurry inlet is generated

30 by a pump of the gathering tool.



8. The systemas clainmed in claim5, wherein suction at the slurry inlet is
generated by a subsea transfer punp at the riser base. 9. The system as
cl ai med iwoany/Boss7of clainms 1 to 8 wherein the riser amdTiAU0119p6138 M
conprises a subsea slurry lift punp to punp slurry to the surface through a
riser 5 pipe. 10. The system as claineﬂ in any one of clains 1 to 9,
further conprising a seafl oor stockpili 8 device for retaining cut ore, to
whi ch cuttings of the seafloor auxiliary mning tool and/or seafloor bulk
m ni ng tool8.ar e Tharpedern nass kblaimgd fimralimadg heodin vuctidn tahehgadureyr iimgt machi ne
gat hers cut ore.(églll.The systemas c¢lainmed in any one of clainms 1 to 10,
wher ei n t he3@g%{q ra%ﬁ&?ﬁ?%%g“ﬁ?ﬁ@ﬁ@ﬁFd§FrP%mcapable of traversing uneven

ground and gl opefpe @kt a@0BiRedth by 40 HEULGRS 1 R WAEreRY HceRASng 1A med
in claiml1l, wherein the seafloor auxiliary mning tool is capable of

t raver si ng yseverwnyround sanda slhopddt puatp wrpuanyslerry o the si0adefrongh a risér
13. The systemas clained in claim12, wherein the seafloor auxiliary m ning
tool is capdbfe of traversing uneven ground and slopes, at an angle up to

25 degrees.10.14. THhEs@WSIsOMiASd 64 ady &k dt1ARY 1a6©, Afrthet @drﬁiﬁrislnAg Bsdkdloor
wherein the systemis operable at a depth greater than about 400m 15.

The syst em feckpilaigngeyigonfar| igtamming cutvees: dp whiple catfingeofitbe gptogplaaxdiaryy
depth 20 greater.th 0 6. . SY a i .0 i
wherein the&%ﬁ éonqlfhg d@gesrg%?%‘?"élbé’tlk %ﬁ%%t%ggw ca %rlg%hglﬁafgﬁofrghhﬁ" [{A#%Rmrret hod

for seaf | ooghith a@thdring nieehhegatergdut 8ic1g: preparing a bench of a seafl oor
site using a seafloor auxiliary mining tool; 25bulk mning the bench with a
seaf | oorlObullk i Mingysicgnias shmgd pasinyi ere eficlagme i o A0guhaei Hy sgedger

gat hering c il&ﬁ%nﬁﬁiﬂg‘é& s Bﬁ%ﬁl%rdf%v@{s dﬁ%b&?gﬁuﬁ@%@d gg;geﬁgét_tafﬁea[d%m e to

machi ne, and punpi ng thered ore as a sfurry omt ering
a riser baste;l0alkdreesfting the slurry to a surface vessel using a riser and
lifting Sysltfm The system as claimed in claim 11, wherein the seafloor auxiliary mining tool is
capable of traversing uneven ground and slopes, at an angle up to 20 degrees.
15 13.  The system as claimed in claim 12, wherein the seafloor auxiliary mining tool is
capable of traversing uneven ground and slopes, at an angle up to 25 degrees.
14.  The system as claimed in any one of claims 1 to 13, wherein the system is
operable at a depth greater than about 400m.
15.  The system as claimed in claim 14, wherein the system is operable at a depth
20 greater than 1000m.
16.  The system as claimed in claim 15, wherein the system is operable at a depth
greater than 1500m.
17. A method for seafloor mining, the method comprising;:
preparing a bench of a seafloor site using a seafloor auxiliary mining tool;
25 bulk mining the bench with a seafloor bulk mining tool and depositing cut ore in
a gathering area;
gathering cut ore from the gathering area using a seafloor gathering machine,
and pumping gathered ore as a slurry from the gathering machine to a riser base; and
lifting the slurry to a surface vessel using a riser and lifting system.

30 18.  The method as claimed in claim 17, wherein the seafloor auxiliary mining tool

deposits cut ore in a gathering area for gathering by the seafloor gathering machine.



30 18. The nethod as clainmed in claim17, wherein the seafloor auxiliary

m ni ng tool deposits cut ore in a gathering area for gathering by the
seaf | oor watherissgg7machi ne. 20 19. The nethod as cl ai meg/Auzonl@dr3817 or
claim 18, wherein the material to be retrieved is of a thickness greater
than a bench height, the bench height b hng defined by the cutting depth of
the seafl oor bulk mning tool, the neth further conprising renoving

mul tiple | ayers of benches of the material by sequential bulk mning and 5
gat heri ng st%ps.Th2thethbdeasnadbined ascleihail red dlaincll&i whd®in thkhenatenalt foebe
seafl oor auxiliary mning tool is ysed to ri meach benc

layer. 21 SFHEoH Mottt {han @ bengh b R R B i e B Gt
auxiliar y nB H%gcuftﬁ}@t déﬁh L33 % §e‘aﬂ961e9lﬁk%ﬁﬁ% tfoBl rfhé)ﬂleﬂlo%loﬂﬁﬁh&f c&rﬂﬁlsb@gﬁ

| ayers. The met hod as claimed in any one of clains to 21, wherein
t he seaf I omen@atdgemuhmla bokrsi of berich¢s el theomptenaly by §eqileumdt bldkeminyngwglda

seaf | oor sit of interest, prior to deployment of the seafloor auxiliary
M ni ng téol gkh&l%eg #PPoor bulk mining tool to that deposit. 23. The

nmet hod as ciai merhd MebY a@RRiAEd &l Abil® 19, Awh&cidZhe VOIS Buhad Hepoperd 15
to seafl oor sites of conplex topography, the seafl oor auxiliary mning tool

is enpl oyedlSﬂJ@ﬁdtﬁlptfﬁ?mrfea@tfl@@%@ &¢nah leFerby preparing a landing area for the
seaf | oor bulk myn etth8{? la%enc‘ﬁ/ fhn %?\@t\'{vﬁeeﬁ)i% [Es"gnﬂtooﬁﬁ 3 1%1?1%1@1{ t%o4 n

order to prepare a I'rs rea or’ sear | oor

The net hod igss&l @ipiEaArd ahdanm@ngs@he@faiermndmapasm wher ei n after t he
seafl oor, 20 bul k m ning tool has cut one or nore benches, and the gathering
machi ne Ras?Zat h“él“reeale@@fitqsrrd%m%eé ig) anyronenef elalnol 7 derd . BdsERdhe pggdoor

seaf | oor auyjid gytogﬂ i RIRGiLPR rén?ov%rgéh@?(e%g ot aﬁﬁgﬁvs% &&%{E@@ﬁt ﬁﬂ%@st,

extrem ties or edge sections | naccessible to ypass

seaf | oor bupriorno deplgymoatl of tRSscallber amadlioy nasing lteolred seerﬂo@njoukimmnqlfg tobhi ns
17 to 24, wherein during a tinme 25 period in which the seafloor bulk mning
tool works 9§t féfé (EPOSIt he “seaf | oor auxiliary mining tool and seafl oor

gat hering mechi ngyarnemkeRt cﬁﬁm@d i stk f doMst b ﬂe%ﬁl@r&@ﬂw'd@%lb?
interference, and to avoid unbilical” entanglenent in the case of her ed

vehi cl esl5 to se@inor Fhies ofetonydexaopegraphve thd scatider awxilary whengitovl duernplgyelich
%gﬁl }[,]26 afgaf H@F‘%’ﬁ% e?ﬁg(v:ahlglgég p%gli*irqgatl%%lingaaqga{ Ror the éaefa O bulf trnqglrnlg ngl,
and/or excavating extremities of the site in order to prepare a first bench ready for the
seafloor bulk mining tool.
24.  The method as claimed in any one of claims 17 to 23, wherein after the seafloor
20 bulk mining tool has cut one or more benches, and the gathering machine has gathered
cuttings to clear the one or more benches, the scafloor auxiliary mining tool is
employed to excavate remnant bench extremities or edge sections inaccessible to and/or
bypassed by the seafloor bulk mining tool.
25.  The method as claimed in any one of claims 17 to 24, wherein during a time
25 period in which the seafloor bulk mining tool works a bench, the seafloor auxiliary
mining tool and seafloor gathering machine are kept at a distance from that bench to
avoid tool interference, and to avoid umbilical entanglement in the case of tethered
vehicles.

26.  The method as claimed in claim 25, wherein during such time the seafloor

30 auxiliary mining tool and/or seafloor gathering machine are employed in respective



WO 2011/ 156867PCT/ AU2011/ 000733 21 tasks on one or nore separate benches
within range nearby, to provide for work on nmultiple bench sites to be
pr ogr essaewogbnustsmneousl y, increasing tool utilisation. PCH/AU2011/000733

21

tasks on one or more separate benches within range nearby, to provide for work on

multiple bench sites to be progressed simultaneously, increasing tool utilisation.



