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[0007] BACKGROUND OF THE INVENTION

[0008] Field of the Invention. The inventions disclosed and taught herein relate
generally to deep sea mining; and more specifically related to a deep sea mining riser and
lift system for mining and producing solids including seafloor massive sulfide (SMS)

15 deposits.

[0009] Description of the Related Art. Seafloor massive sulfide deposits, or SMS
deposits, are modern equivalents of ancient volcanogenic massive sulfide ore deposits or
VMS deposits. SMS deposits are currently forming in the deep ocean around submarine
20 volcanic arcs, where hydrothermal vents exhale sulfide-rich mineralizing fluids into the
ocean. SMS deposits are laterally extensive and are comprised of a central vent mound
around the area where the hydrothermal circulation exits, with a wide apron of
unconsolidated sulfide silt or ooze which precipitates upon the seafloor. Recent finding
show that SMS fields have a typical size of about 500 meters wide by 1000 meters long
25 by about 10 to 20 meters deep in a very rugged seafloor terrain. The water depth also

ranges from 1,500 meters to 2,500 meters.

[0010] Economic extraction of SMS deposits is largely in the theoretical stage, the
biggest complication being the extreme water depths at which these deposits are forming.
Thus, there remains a need for a deep sea mining riser and lift system for mining and

30 producing solids, such as seafloor massive sulfide (SMS) deposits.
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met hods for a deep sea mning riser and lift systemfor m ning and

produci ng solids including seafl oor massive sul fide (SM5) deposits. [0012]
BRI EF SUNNDRY100B62FBIE | NVENTI ON [ 0013] Applicants have cireatusdooa/osastihod and
system of deep sea m ning conprising mning SVMS deposits fromthe sea floor
Wi th a subsea mner, punping the solids fromthe subsea m ner through a
junper and punping the solids fromthe junper up a riser to a surface
vessel . Further, applicants have created a nethod of deploying a deep sea
m ning system conprising stacking a riser hangoff structure on top of a
subsea punp nodul e form ng an assenbly; picking up the assenbly by a

hangi ng mec ¥k ke inyeriong disalosedsandrpnght gpreal arp diregerbio, impreved systemaand r st
riser joint; di n i the.rj f r e f - aS ly;
and att achi FgieBe MEAbYT ke Bl Sk ALk (HF it ohf BldEnd S0

BRI EF DESCRIineldg sekflobirimaSivERMide (SIS depositslE DRAW NGS [ 0015] Figure 1
illustrates a particular enbodi nent of a deep sea mning riser and |ift
systemutilizing certain aspects of the present inventions. [0016] Figure 2

i |l usts at es[@12PBRIELSEMMARYUIOFEME D VENDIWN om dunp val ve connection
utilizing certain aspects of the present inventions. [0017] Figure 3

i1l ustrat es[(5)151319‘@1&@%“@%6@?%’9?1@9&0%3@0&5@% of deSH pRRt MPHNH FOHPIRRY sea
m ni ng risep;an SM§&e8§§if%t1f-‘d?ﬁ Isbd AbJHGvifFd Sibbdh ﬁﬁeﬁﬁs@ﬁ@g é}itlé‘s%li% fSfithe

inventions. [0018] Figure 4 illustrates a particula ment of an

i nstal | ati osubs¢a mirjen tgenghon jurhger dodpunpingehe solids Aoy theejumpenups priset © of t he
present | nv?lﬂ}"a'cg O?s’sel[ %i!‘t%ltr gﬂr{%fégng% Eav'eI Irelil dd AhERod 9P erpli(;yﬁl”;rggl %é?ef%g?%%i{gﬁgzt gf

an installation of Subsea p a dufrp valve uti 11zl
of the pressysten, rvoamprising Stackid@ 20diseFihgngodl Srichireish ey 68 a sulfsas tputipl rAsdule

enbodi ment of an installation. of a latch riser joint onto the punp npdul e
utilizing cg‘?r{"é‘f%albgﬁéég" (Hf‘:kfr}geu?bf}l?s%sﬁ‘iml?lﬁj%'n‘i jih?)‘F%‘?g [sebany sk Pgt‘]g‘é‘g [Tfﬁe

i [T ustrat esag@emBlyt dit bl nddonSpBdD ditiaBhihg Qf fikhAsed §6InYIIRBAnRing AR H&EMas&AT
mning riser and lift systemutilizing certain aspects of the present

i nvent i ons. str@dze from the pwsembly; agsatiaghiag atdegsh prg swapnsd rissnisdntiteriarm thé risdne
depl oynent of the deep sea

[0014] BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
15 [0015] Figure 1 illustrates a particular embodiment of a deep sea mining riser and lift
system utilizing certain aspects of the present inventions.
[0016] Figure 2 illustrates a particular embodiment of a bottom dump valve connection
utilizing certain aspects of the present inventions.
[0017] Figure 3 illustrates a particular embodiment of a top end termination of a deep sea
20 mining riser and lift system utilizing certain aspects of the present inventions.
[0018] Figure 4 illustrates a particular embodiment of an installation of a jumper on the
dump valve utilizing certain aspects of the present inventions.
[0019] Figure 5 illustrates a particular embodiment of an installation of subsea pumps on
a dump valve utilizing certain aspects of the present inventions.
25 [0020] Figure 6 illustrates a particular embodiment of an installation of a latch riser joint
onto the pump module utilizing certain aspects of the present inventions.
[0021] Figure 7 illustrates a particular embodiment of the deployment of the deep sea
mining riser and lift system utilizing certain aspects of the present inventions.
[0022] Figure 8 illustrates a particular embodiment of the deployment of the deep sea

30 mining riser and lift system utilizing certain aspects of the present inventions.
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mning riser and lift systemutilizing certain aspects of the present

i nventions.[0023] Figure 9 illustrates a particul ar enbodi nent of the

depl oynmrernwoabiwdie27deep sea nmning riser and |lift systempamiuszasngsseert ai n
aspects of the present inventions. [0024] DETAI LED DESCRI PTI ON [ 0025] The
Fi gures descri bed above and the witten description of specific structures
and functions below are not presented to limt the scope of what Applicants
have invented or the scope of the appended clains. Rather, the Figures and
witten description are provided to teach any person skilled in the art to
make and use the inventions for which patent protection is sought. Those
skilled in {0623hFtguvd 9 lillesppptes @i @rticuldrambodimenk lof ftlmdepﬂmnemt ofitheodweprsea al

enbodi ment of. the. mv&igt ) ar descri.bed or fﬁ’\ﬁn 1§ sake of clarity
and under st SHHPRYSCTBEP J6HES SIF“E FANE Cprtaip Aspects of thyprgse I”%V(?n MPBr eci ate that
the devel opment of an act uaI commer ci al enbodi nent incorporating aspects of
the present {nventions will reguire numerous inplenentation-specific

deci si ons t 80%EhPEJALRR Eé@ s ultimate goal for the comerci al

enbodi yrent . @zgmh@"pig@fe%te&wbedwam%a e \Q‘ﬁ?énsdeﬁ’d?g)tlﬁﬁ)bf sRelfiddgucind ohd kel y
are not Ilmted to, conpliance with systemrelate business-rel ateg

gover nment - fiesictiprschedavd axstriot preseniest fodimit the sappectf Wﬂm}' Apaliganpyhagp éviehted or

i npl enent at i;on cat i i s efforts
mght be. cot ssoPSR he heBlel FMikk; Rt shipulth wt BofiE HeSBRiGE & ou
be, nevert hetoidkd ta tefaohlhny\persmdﬂmlﬂealkmnge froto mhksandofiseshke Invertivins f@rwhitkavi ng
benefit of this disclosure. e, understood that the in tions

di scl osed aRgfeRLRIGHTII? é?%hhrjéhoéﬁ?ﬁﬂﬁ WHH"ea‘it W‘ﬁﬁ%?%ﬁg tl}?ﬁam\/aglrtgﬁfﬂ%es of

nodi fiicat i 0agomiRraidltleaibodimentof e ifﬁ/entm bleYdesdriiRd W6 ShoWn fr fe A GHcldriy M
such as, but not limted to, "a," is not intended as |[imting of the ‘nunber

of items. APBbUNdefianding. Rersap af P an i psvevil olsorepRs ciatshatribe dwaﬁmt to,
"top," "bot LPM actudl Shfmerci l'egmatodlmen\" oratm% 9%\5%51?'& t OM’E'sent inY&htions %l

and the like are used Int evvrltten crlp l"arity i n speci
ref erence t eequire nﬁmgmuesmahmeauaéommecxfnt®mﬂmds tcoacthlemetthet Hwempope uhimettehe
i nvention oroglhﬁ)ratggendedré: @ "5? q # ﬁg Ilcar S have ﬁ.re ted nmet hod and
system of d&&p Sea MiRING Conpr % g i R EBB%I} TR PIHES B £ | oor
W t h & subseagludenaid, hlmllyrmeng)t ﬂlhﬁteactbl ébenpliafdd WhE system-related, business-related,

government-related and other constraints, which may vary by specific implementation,

location and from time to time. While a developer’s efforts might be complex and time-
consuming in an absolute sense, such efforts would be, nevertheless, a routine
undertaking for those of skill this art having benefit of this disclosure. It must be
20 understood that the inventions disclosed and taught herein are susceptible to numerous
and various modifications and alternative forms. Lastly, the use of a singular term, such
as, but not limited to, “a,” is not intended as limiting of the number of items. Also, the
use of relational terms, such as, but not limited to, “top,” “bottom,” “left,” “right,”
up,

25 for clarity in specific reference to the Figures and are not intended to limit the scope of

2% 4 EEIN13

“upper,” “lower,” “down, side,” and the like are used in the written description
the invention or the appended claims.
[0026] Applicants have created method and system of deep sea mining comprising

mining SMS deposits from the sea floor with a subsea miner, pumping the solids from the

30 subsea miner through a jumper and pumping the solids from the jumper up a riser to a
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subsea m ner through a junper and punping the solids fromthe junper up a
riser to asurface vessel. Further, applicants have created a net hod of
depl oyi ngwe 20m8368a M ni ng system conpri sing stacki ngrPaTisg@s/okzsmg)of f
structure on top of a subsea punp nodule form ng an assenbly; picking up
the assenbly by a hangi ng nechani sm hangi ng the assenbly on a noon pool,
attaching a first riser joint; disconnecting the riser hangoff structure
fromthe assenbly; and attaching at | east one second riser joint to form
the riser. [0027] FIG 1 is an illustration of a systemfor m ning and
produci ng solids, including SM5 through dynam cally suspended subsea

punp(s) at ti€adaetsseIn mirthar, ¥ chﬁ:taha\fel G€ited D1Mbthed bEASHToyify 4 B&pSHe Aty
vessel using an environnent y safe surface closed | gop wastewater system

to power th&YSUBSORNSISHS. Stap gs%{ageéélam%ﬁt%e RRyop el asubser pumpracdulR
sol 1ds, i nClpgetifigaSWerbly Bidkhz 8 d A6mbIFaReRty

fields have a tn@lacal rsnl z}gq;(l)f oﬁt 500 rPre ec?*;;se waﬁeH%H}%h% met e?itngl ong by
about 10 t oassemEEt @it 8 rdeanppal, aitagking arﬁuggelsbrsemt,ldmonn@tmgnhﬂ rlﬂélnélangn:fér
depth al so et er s The ner.

. wor k- on Pas Bt Bl BN fihehiy 18 oL Eh i st R g RERRE RSk

Ther ef or e, the subsea m ner 105 ideally would be designed to perform under
these r uggeﬂ)Qié]aEIC’selaiscmniiﬂiuSt'raﬁos of Bheystembfoe anining eand m&iwmglsdlihn; iﬁlﬂ:ﬁdi@ed to

mne the S erform at.i on of e fo

e udi ng. SO ABEu AR v Hierasd 2Pt nimetsLohg toftgin s v giser

| ocated on tHae esea@sed) fHeosuifacd Zpssolr Bsikg BE eAOMEnrhdRalSMAfE BluPace NiIEEd FbdiES
using a cutter nmounted on the excavator, and (3) forcing the SM5into in a

crusher to SRHSWAEHSYSEUGIQ AOWer R A4ss® PEME; zﬂ? %“Bseérfﬁlﬁlﬁ’elQ%@asl‘VB ysed &es

t hr ough therﬂlﬁwﬂh@@oﬁd]s5tncm SMS'@&mmeﬁf?&re'mQQk@ﬁalg \? 11kt Wﬁ&ﬁg For
the subsea mner 105. [0028 The junper 115 may al so referred to as the
hori zont al hvena tivieal izpe@f @bowt Y0swetersrwids doyr 1009i pesersTheg purmpeut Tate 2k
configured o hﬁpe n orlz ntal di.rec

decoupl e thg&eggrr% ﬁo i‘on -an 9%§e§a§88ﬂe o eﬁ?eo‘FVna epﬂﬁ% %éanr%eﬁglpmli)éwmhen
the junper isteconf 2500 acktérs dihe"sﬁbseahamer 105 adaly overkfodr ths Qugged| tagkin beitmeen
t he subsea niner 105 a he d val ve assenbly 120 so that en the two
devi ces nnv@oP??easi‘ﬂﬂi’saé;%r#eﬁ@FS'l r fgrengle SHE‘?@P}‘X‘H\@gt‘iﬁaHéwoﬂlﬂV@t%@W%e

di srupt ed duepérform under these rugged deep sea conditions. The subsea miner 105 could be

designed to mine the SMS by performing any combination of the following steps,
including, but not limited to (1) excavating the SMS from the fields located on the seabed
floor, (2) breaking down the SMS into chunk sizes using a cutter mounted on the
excavator, and (3) forcing the SMS into in a crusher to crush the SMS into manageable
20 sizes to ensure the SMS passes through the jumper 115. Many variations and

embodiments are envisioned for the subsea miner 105.

[0028] The jumper 115 may also be referred to as the horizontal transport pipe or a riser
transport pipe. The jumper may be configured in an “S” shape and be positioned in a
25 horizontal direction to decouple the pump motion and vessel motion from the subsea
miner 105. When the jumper is configured in an “S” shape it allows for some slack
between the subsea miner 105 and the dump valve assembly 120 so that when the two
devices move the subsea miner 105 is not upset, overturned or otherwise disrupted due to
a tension in the jumper 115. The force exerted by the subsea pump 190 on the subsea

30 miner 105 may also be minimized. Without decoupling the motion, the pulling force
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a tension in the junper 115. The force exerted by the subsea punp 190 on
the subsea mner 105 may al so be m nim zed. Wthout decoupling the notion,

t he pul | iwQ 2bvisekert ed on the subsea m ner 105 conpoumdedsasosisisiyh fiel d
angle may topple the subsea m ner 105. [0029] The other function of the "S"
shape junper 115 is to provide a gentle slope and large radius to | ower the
centrifugal force of solids passing through the junper 115. A |l arge radius
may | ower the centrifugal force and wear. The | arge radius of the junper
may provide the product m xture flowto be away fromthe particle inpact
wears nechanismand into the sliding wear nechanism The two key paraneters
of the sli diergted@arthasubsdaiintt 108 coalpotnded Withatiigh fikla ahgldimss thppld the sibseper
115 nmay be raqtat g along its axis for making up to the dunp val ve assenbly
120 and thengﬁﬁéﬁ “mner 105. By doing so, the curved up side on the buoyed
section 110 is rotated out fromfield to field, which may increase the

field servi ¢@20] The athet RrclioiPLIhe “E0 sK@@Buﬁlf)élCﬂSqfs t6 Bl%vfdétaaédnﬂg slopPafd al
mar ki ngs can be used to keep track of the curved side of the junper 115 to

i ncrease t héArgeragiusdo lowe, th‘Fé‘i’m’é@Sﬁlpﬁoéce of splids }zﬁgs}ngréhre\agh baguppergdf, A he
nom nal hor iizontAlysdhs) RN tllféeée%ﬁ”ﬂ e UAR we V?h@mgébﬁﬁuﬁ"bqﬁﬁﬁ ﬁﬁ%ﬁ\}; at or

is at 125 netérs 25 neters. The el vatlon di fferences®bet ween t
val ve and t mayemosidattbe preducbenixgirdifighy &s be 28vayefremsthe Foarticle fimphat wedrh 180

neters total, n h th of.the niser onl.y._need
to be change(fg%‘ S%%Igd]m?o er%F% {“ferre%le%'ﬁ%]ThFr}gogﬁﬁfgrﬁmﬁ%ﬁsggy%ﬁgh%ﬁ%

mai nt ai n it sveloark zienflal vellociat Vaind alrdrad s leHH[be]uﬂ@bmglsaﬂﬁlyJBéD?tatéﬁ along its
appar at uses an hni qu First, bounc evi ces, ch as buo

(col | ecti veWS%‘ird?ﬁﬂ’é%ﬂb@ th%QHnPHaIP’FB%f‘F hel30 Lﬂ’i‘gé]i‘e %%Bead{“n%@ﬁy d¥afloing

| ocation. Se&aRéleurtéiRy §le@sﬁtmlbsfoyém@c9&$ YRER bR DUPREA MR i@l the
dunp val ve assenbl y 1 be mai ntai ned by using a systemto control the

posi ti on of Maydngedse é]@%ﬁ%léﬁlé’llcell% of ghechmaer. aT el keepnirackpdshe rasatinghspeciabhi p
h d
S ossltie g8y IXOF AP UL R B

time and to Neintain the
posi ti on vesgewice fifackomgxampie, e alﬁﬂ@eineter tongguimpdn,ethe byl homntalﬂﬁtan&'@ do

e du
\S}; Vter ansSpPoyLSean H%ydutrjrg'\p UB\lzjengr? the su sre]ag eigavagglsn;tnﬁS rgieotgrse}ks/- meters II“H P
15 elevation differences between the dump valve and the excavator can be as high as +/- 25

meters. For a field with 180 meters total elevation changes, the length of the riser 130

may only need to be changed limited number of times.

[0030] The subsea miner 105 may maintain its horizontal duration and “S” shape using a
number of apparatuses and techniques. First, bouncy devices, such as buoys (collectively
20 110) may be used to float the jumper 115 at the ideal location. Second, the proper
distance between the subsea miner 105 and the dump valve assembly 120 may be
maintained by using a system to control the position of the surface vessel 195, such as a
dynamic position ship, ship shaped vessel or deep sea barge. In order to maximize the
production up time and to maintain the horizontal “S” shape of the jumper 115, a
25 dynamic position vessel tracking may be used to track the subsea miner 105. To do so,
transponders may be mounted on the subsea miner 105 as well as the dump valve
assembly 120. The position and elevation of the subsea miner 105 and the dump valve
may be fed to a computer on board a surface vessel 195, such as dynamic positioning

vessel for computing the horizontal and vertical distance between the subsea miner 105

Page 5 of 15



assenbly 120. The position and el evation of the subsea mner 105 and the
dunp valve may be fed to a conputer on board a surface vessel 195, such as
dynam c puei20ioo3b21§ vessel for conputing the horizont al pamaSe@ssIsas

di stance between the subsea m ner 105and the dunp val ve assenbly 120. An
operational wi ndow of the horizontal and vertical distances may al so be
provi ded. Once those di stances are outside of the provided operational

wi ndow, either the nomi nal |ocation of the surface vessel 195 (and as a
result the dunp val ve assenbly 120) or the length of the riser 130 may need
to be adjusted. For exanple, for a 200-neter |ong junper 115, the

hori zont al GhgtREEPRINVEREerhb1P 190.MAN\6PERoRS S8ty ofBO héribntad end vdrE€A
m ner 105 woul d ideally be maintajned at_ 125 neters 25 neters and the

el evati on t ISRNCERIRY Al e dirodedretQics thoss digtapces are routsids,pl thsepiouided) t hat
due to the g %@1@8&&&1 Qindot) Stk TR Ndhing 16&%6%%&%8&&%@!@5 qezhaas s wshiee

vessel 190 The hori zontal distance between the surface vesse 195 (and as a
result the demgummyabee assenabls|190)1arahe langthohthegisbisb) maynaeed 1@Be mb}stetde For

mai nt aj ned Vi t rfac M e h vatlon

di f f erence ;%a%qﬁlte*s?ogea %@’%ﬁtgr ?(5% Ui grr gl%gg? QH?ZC?RE"I? diStaonlcer’\tb R‘fel‘;% pu'ﬂ)m]’m nt
set may needalve akeembiidE2D) atrﬂ the subsemmdr 10Dwotildeddallg de nﬂa’ﬂﬁalhﬂi zhtelagtnlfmrst he
riser 130 to,c ensat eIevat on differences. 0 ] | ary
embodi nent , {hg%ﬁtf’@r §|th eYaEPR fo by mpipai eﬁ é§ nﬁ% 'é%ﬁ’éet?fﬁrr B gggl zed
smal | er t hamotddahatatibits e dOnRE:tOR, the @hﬁ@&@l%%seﬁﬂw1§@ﬁﬁ rhéveDNRY Sitfacg Ol 1 ds
fromsettling |nS|de the hori zont al transport pip The term "coupl ed, "

"coupl i ng, " va¥El 194 dhedorigontaledistancedietiveen| the Wéace deqsnlel?im(aeﬁtas erfsswlfeber i bed
i ncl udes ama t@%a%en@&%”lfﬁszhﬁq}’le aﬁgwﬁl rm@Hﬂg%g,mJleaﬁl@@b?%q vfrfgttﬁgh' ng,
rt , ot frer

engagi ng, ng, i nse erein, ormn in or w
associ at ed rmnftr@r\@sm; 19 HmNegErraif tb@dpwmntdlﬁeremtls oside rof ttheet/s @b intkgerhav e

ol 1d . barPPRebdRRR T AGh ckt i Bred B4R HBHED) o-FrmOted R Hrgoe hon

be transpor 180/ td kngightht higerd30po vahp@szﬁsﬁﬁrétﬂvytldn?@ffetéﬂcéshr ough the riser
mai n tube 125 to the surface vessel 195. The subsea punp(s) 190 may be

SRR T R ATRORETCN T Sy A R M T
sub- madul e fparposely sized smaller than the vertical pipe to increase the flow speed to prevent solids
from settling inside the horizontal transport pipe. The term “coupled,” “coupling,” and
like terms used herein relative to the inventions described includes any method or devices
for securing, bonding, fastening, attaching, engaging, joining, inserting therein, or
forming on, in or with other associated members as an integral component or not. After
20 the solids have been mined by the subsea miner 105, which is coupled to the jumper 115,

the solid may be transported through a jumper 115.

[0032] The solids may then be transported through the dump valve assembly 120, up
through the riser main tube 125 to the surface vessel 195. The subsea pump(s) 190 may

25 be configured into two sub-modules with one sub-module sufficient for partial
production. One of water injection line 135 is routed to power one pump sub-module for
redundancy. The subsea pump(s) 190 inside the dump valve assembly 120 may be
passively hanging at the bottom of the riser 115.
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redundancy. The subsea punp(s) 190 inside the dunp val ve assenbly 120 may
be passively hanging at the bottomof the riser 115.[0033] Proper tensions
may be i mporbeEn3617® any vertical riser systens, includi RGTASS@S/083553
especially in this water depth in order to maintain the shape of the
risers, to prevent clashing wth adjacent equi pnent, and to reduce cyclic
stress intensities along the riser 130. By placing the subsea punp(s) 190
at the bottomof the riser 130, the entire riser 130 nmay receive the needed
riser tension due to the weight of the subsea punp(s) 190. In the preferred
enbodi nent, the ideal tension factor may be greater than 1.2. The tension
factor is dedo3nperoper tdnsiohdhiad Hfinipdftakton PRI kot dyStehldSindaiR GRe

wei ght of the riser string. For exanple, if the punp nodul es weigh from 100
to 150 tons 1P-gsersiadly in HuS pater é?ﬁtbﬁﬁoqdﬁbtodmléﬁaﬂﬂgaﬁbﬂpé ©of e risges, 1o prevent s

thirteen to 4h} S&M de&égﬁseq‘#ﬁfﬁ}ng a‘ﬂ? 8% 24 uEa_%?clitcr%%&' ﬁl’é@gﬁi&r al%gg F}he"\%ek , a

1.2 tension factor can” be achieve e systens descCri lerein nmay
be ideal ly d3&i Byeadading thgsebsehpump(s)ilAg) apthacottamcbfghé risireld@y the @ntiief iser he

solids, espegghall wnJ L he deep seafloor to t syrface. Fkurther, the
vertical ri gg? %’a3¥e°§ P’N%ﬁ eyne%f%s&errlseiga SIErré;%/u%{é’ tﬁ%?’l‘al&ﬁﬁ%ﬂﬁf ? S?%%u"ﬂﬁ@;lgh' ?‘énsi on
as di scussethegirefeaed tmbodineht) thevitiédh témRnffhauy indyl bE gebatét fHaatli.DNThewhsiomt and

vessel notiqn indyced fatigue. on arriving at the top end of the riser
130, the soffeta s defdds ¢ ,tlor?ggh%t@m@mnéwe& thenubipgsaed gl of thsrhisehe

dewat eri ng gRwgberddunBagleOut thatpullpemdsuIéaBigh frdth Q06 :ehlsY oM PIackdl AitiRe t he
water injection |lines 135A and 135B (coll ectl velty 135) which may be piggy
A

backed ont obptiem and the owier diametss of s ridgpistthisteen @i favteen inghies with 230F-haidim t o
the coppr eSﬁ{rQélﬂSa!?ém%ﬁ“&h ipe t%@%aa&d&h% adiided/N€ wastewater can be

used to power the conpression c er of the punp(s) 190 to Iift the solids
to the surface vessel 195. The wastewater can then be discharged into a

diffuser to t he wast ewat.er .speed and,.pressure prior to djscharging
into the seé&gﬂgiﬁ? S gengv%F‘H‘ eﬂ’ér%&aﬁﬁét“g‘iﬂlgflgﬁ%‘?&@ ?\éeatﬁ’gau@f’ﬂ’g RO8&H and
plum ng, a asnbsfRiedty tdEarthavsdildspespeanilys SHISAtrohhteQRREp Séaflobetdline Ghanae | i ne
to di scharge wastewater horizontally with the discharge force bal anced in

hori zont al  gPftheEs the yertiep]risen OF simphnisar 139 map dedssigrsdavith thy paoreateapion as

it RJ gCtlsi on | uResssdBabdvey f&8 capifif WithCRie FoRSHRdudeaRbrh@sn, VASLRRH Sesdi RBASR! - | N
i
induced fatigue. Upon arriving at the top end of the riser 130, the solids, such as SMS,

may be dewatered. The wastewater from the dewatering may be pumped out at the
surface or preferably pumped into the water injection lines 135A and 135B (collectively
135) which may be piggy backed onto the riser main tube 125 (both contained in riser
20 130) down to the compression chamber of the pumps modules 190. The wastewater can
be used to power the compression chamber of the pump(s) 190 to lift the solids to the
surface vessel 195. The wastewater can then be discharged into a diffuser to reduce the
wastewater speed and pressure prior to discharging into the sea floor. To avoid the
wastewater disposal-created side load and pluming, a subsea diffuser will be devised at
25 the end of the discharge line to discharge wastewater horizontally with the discharge
force balanced in horizontal direction. This arrangement of the wastewater and water
injection lines 135 forms a surface closed loop for wastewater disposal. In this
embodiment, the wastewater is utilized to power the subsea pump(s) 190 and then
discharged into the sea at the sea floor level. As a result, either all the solids mined from

30 the seafloor are captured in the surface vessel as solid product or as the wastewater
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enbodi nent, the wastewater is utilized to power the subsea punp(s) 190 and
then discharged into the sea at the sea floor level. As a result, either

all the swbi2dw/osb218d from t he seafl oor are captured in Prhg/tseoBass1yvessel
as solid product or as the wastewaterresidual which is discharged back into
the sea floor. The process of cycling the wastewater may occur in about
fifteen mnutes. This type of arrangenent may forma surface cl osed | oop
wast ewat er system The discharging the wastewater close to the seafl oor as
opposed close to the sea level is environmental friendly and allows the
wast ewater to power the subsea punps 190. Further, this enbodi nent

di schar ges tdaluabsiheodaiselischadged barkt fmeo &mté@ﬂbow tTHeUprodsldi dfi &Raihg rthéer s
because the wastewater travels down the single riser 130 of this

enbodi ment . WaBIWAEr MIK Sy A9auisfiiieerminHiss. w&he PR O ENEomENama Kt vy 120
may need t oghg,cdi 16RAN65S wastémeﬂ &ﬁen{' 96 disifl %fh@%asfe’@ﬁte?%é}s@ctg ﬁ{@sse'

195. For exanple, I1n the event of dynamc s em fallure
of the dunp seadlogk a8 oppessil yelasg(toj the esqmﬂmsé ds \MlYll’Dn(nB)'ltaé foersdye and eiﬂﬂDWQItgxe

operated ve t 0 rat,ed hydraulic
connect or m%agéﬁ&a&ﬁ%mg%s% g N ﬁﬁeisg ? &d F"lp%) 1 g? 0 %grf S jeﬁ'%ﬁ‘ilﬁneﬁg disehaggss ﬁg? ng
overstretch &dsteWatsu tle satorthe s¢aflbOSwhikdun gddiciomd] eders bhubkMe Rgtelhatck eatelon

standby to exec e t he .di ct cedure. To disconnect the dunmp val ve
assenbly 128°WR i%&%Q%FWQRP8W$@F handl e bar of the control panel

on the subsea punps 190 The val ve sequenci ng on the vessel may be prepared

for an energency di sconnect. The ROV may then di sconnect the hydraulic
connect or EQ iﬁ herp angyi hp sifuatipas awse sl Jump yakya dassemebly 138 rmay30eed fo by ROV

i's not, avai hﬁp(grﬁle@éd gl%ﬁl‘nfh%ﬁj)l/% QB&'Q{USQ% 'sﬁl?acg%?%leléé) ?‘8{1?7&%&11 '18 t?e t he

hydraulic circuits o IC connector to the con
subsea punpsveb®©f thendymanii¢ isgsi¢m ffoldurs,etlhditqg endef theddaup ivalve rassdnﬂxty rliz& is

s f h I t al th I f
he ourf aco i VI 4F° Eien PERGHNCRFER HERaR KB Pe 8GR 5 Bty 2l ong

with the hopbwanp@lk opeiped hidiauli@yostico@r t\ﬁluh&}hgaﬁ%@ dl}a@ﬁﬁecteﬁ ETOE?QX% ())the g
procedure may be rried.out tor ieve the du val ve asse an
t he hori zond AﬁQPmlbf@g ‘[VGEﬁ?G]CEq%%rrSé‘b%ﬁaéma?r Y0oheing; tappled; pble %@VV@%X’

mechanj sm i Be kbt dnYstdndB) 8P Skdcute (thd diséingdti flbdd@ure. To disconnect the dump valve
assembly 120, the ROV may grab the jumper handle bar of the control panel on the

subsea pumps 190. The valve sequencing on the vessel may be prepared for an
emergency disconnect. The ROV may then disconnect the hydraulic connector between
the dump valve assembly 120 and the riser 130. If an ROV is not available or desirable,
20 another option may be to connect the hydraulic circuits of the hydraulic connector to the
control panel of the subsea pumps 190. An umbilical for sending the hydraulic or electric
signals from the pump control panel may be installed in the control room of the surface
vessel 195. Once disconnected the dump valve assembly 120 along with the horizontal
jumper 115 may drop to the sea floor. A recovery procedure may be carried out to

25 retrieve the dump valve assembly 120 and the horizontal jumper 115.

[0036] There are at least two types of wear mechanism in slurry transport: (1) the sliding
wear and (2) the particle impact wear. The vertical section of the main riser is
susceptible mainly to the sliding wear with the exception of the pump exit at the bottom
and the top end elbow exit for the vertical riser configuration shown in Figure 1.0. These

30 non-straight areas will have turbulence flow and eddy current around the discontinuities,
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wear and (2) the particle inpact wear. The vertical section of the main
riser is susceptible mainly to the sliding wear with the exception of the
punp exi twetotdms61y8t t om and the top end el bow exit for ®PhE/Usee08I083SN3ri ser
configuration shown in Figure 1.0. These non-straight areas will have
turbul ence fl ow and eddy current around the discontinuities,which my cause
wear and an attrition effect. For the vertical riser section, the high
strength and yet ductile naterial nay be selected along with a one-eighth
inch wear allowance for the wall thickness to cope with the potential wear.
The conbi nati on of the unknown particle size distribution, hardness, PH

val ues and whidhRhy icuse QRGE Rhd ahisakitibA efB&. fIFd# the FbichIOkRE Qektiof, tHAGhiIPOST
facto test program for quantifying the wear coefficient for the future

proj ects. Astrengthepndiyeingucile materiakoay dei selestadialprg Moldi & oasighthainklyvesr t he
wal |t hi Ck”ﬁﬁéw% effé}%é%vgﬂ‘hﬁa&n%ss%%ﬁﬁe ﬁithftﬁégao‘{&ﬁim Gélr. "IhE EompftktidH Sthgle a
wal It hi or e

way to ensure that a sufficient ckness renal ns t remai ni ng
product i on peknowd paFicle size distritutien; larduess;, € vedudsand vobmetrid ¢ansentsayioty én

preval ent, e . hal f. i nch wear. all nce may be inplenented along wth the
Forgirigs hadteryiil Roipled R, Grpdes pioerst tog svanstiing v B e may
al so be coatiedumiré projdesst mal dytersiirasteculahssficrivFitwiptiiodid ot sindtloacEthd wall he
punp nodul es .and near the nmoon poql. Electric continuity along the entire

riser may b&igdgssdinithe siategic afa3p of ier BEIGH risgrdnae ProyKle, Wip i Crshee that a

| nter act | onsoficieewiPaicded 16850 R e RRikiriSe fofthdtiof Behidl. Foriepysbare and

nmet hods descri bed above. | ] G 2is anillustration of the bottom of

t he punp beiwhgresihs gerbulsaceaovenahbe prayalehio@r onephadf inchbvear alowance tayt be

t . Thi i is .
parp( &) 100 HECRERARE SR e BuifThlng Bh HRREEALAR rnt MRBSURRER
dunp val ve assediamgtet 2y atsotbeecowied iwiiht terafallp spraged@ymbmindeith naddes pldoeh

solids in the . riser 130 fall, and_ accunul ate_at the hottom of .the.riser 130,
such as whef! E"ﬁé’“ﬂ)&’t‘@f’g‘ﬂ%ﬁ/\?&d near fhﬁt%qwldEﬁeFtrwr@an ePetbeieBiedishs. To

renove the halylRudadd iodFfect 1he cEdRonYFroiteticts BRI, YTHRtefRYioR 8f BRAARH ab®
allow the cunul ated solids to be dunped out ‘and the production restarted.

The dunp vaFEosisEanbemipnized yithdhesystsay andmethods descebedabpvepeni ng a
manualJy operated valve with the ROV or a power pack assisted operation
fromthe subsea punp(s) 190. A full bore passage and shute nay be needed to
dunp [0037] FIG. 2 is an illustration of the bottom of the pump being suspended above the sea

floor, preferably about thirty meters. This distance is ideal to ensure that the bottom of
the subsea pump(s) 190 do not contact the sea floor during the production operation. A
dump valve assembly 120 at the vicinity of pumps may be desirable when solids in the
20 riser 130 fall and accumulate at the bottom of the riser 130, such as when the water power
is interrupted or the pumping action stops. To remove the fallen solids, the dump valve
assembly 120 may be opened to allow the cumulated solids to be dumped out and the
production restarted. The dump valve assembly 120 may be opened and closed either
opening a manually operated valve with the ROV or a power pack assisted operation
25 from the subsea pump(s) 190. A full bore passage and shute may be needed to dump
quickly the solids out and to direct the solids away from the subsea pump(s) 190 top. The
ROV may be used to ensure the solids are not obstructing the riser 130 and to close the

dump valve assembly 120 for resuming production.

[0038] FIG. 3 is an illustration of the dual surface closed loop water injection lines 135

30 for environmental safe wastewater disposal and lift system redundancy. The figure
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qui ckly the solids out and to direct the solids away fromthe subsea
punp(s) 190 top. The ROV nay be used to ensure the solids are not
obst ruct iwgQ 20tven36i78er 130 and to cl ose the dunp val ve ags®riskgosngizis or
resum ng production. [0038] FIG 3 is an illustration of the dual surface
cl osed | oop water injection lines 135 for environmental safe wastewater
di sposal and lift systemredundancy. The figuredepicts the top end
termnation of the riser systemwhere a upper term nation spool or flex
joint 170 is supported in a support receptacle which in turn is supported
by a spider beam structure 145. Also shown in FIG 30 are the dual water
i nj ection | dghas Hbwepasnd tdidbihationalflIthe risaradyyterh3Bheré mappthermdimatidrespooljosy st em
to top of the riser 130. The, produced solids and water, m xture, may he
ored | nt oTERSHALS SARGHHb B SPPR SESREC R uCl P s SURRALES bR ASBEET 165,
The wast ewapbgim SRycul€ 185 hedceghodndn PYGPEHark MhPdiiall YvanligEctionjlRes L35A badres
135 by the filter 150. The water injection lines 135 nafthge bundl ed to the
0

main riser P3P (egllsctiyan3gp) Moasthes dewatering systam (8ttentq riser d30exEhpl ary
enbodi ment I G | 'hﬁgm [ ' : L eV he
riser gﬁd I?{Otd a%{glsiﬂg%pgﬂq&é} toﬁ%Iﬁ %f%g%g%g%(ﬁg{eg%&%%g@g%gpb e?\rﬁgljtagg I ng
an exenpl ar thersusfece produdtiohtspegl sti68 mTheEveasttwater welyvbe faesehdidypunaped hetotthe
first assenbly to be pres ed.in th n ol. 400 and o the. spider
beam 145, - TRAHUSSFIEBOPE Y Benhaubb ol (S Fetineeiop e 335 ok BERBRUEE

al l ow the pasthagifiset pipedabsea punp(s) 190. The junper 115 may be stored
on the spool. A nessenger line can be installed and connected fromthe noon

pool to the ' | ] e ul.ling. head. Wth the assistance of. a ROV,
Poe i umper HBOLERN ¥ o) € B ufations S impliry SmbOTEnCa: 1 §2ad Shiste s n
Figure 4. Tbﬁtdi@ﬂﬁrdﬁglb‘?h%fanﬂh@trikﬂﬂgﬂie riskP ah# it QP&EHT GUGE04 (16 ifhisHbteithd et  of
t he dunp val ve assenbly 120. Due to the eccentric | oad, the spider 145 can
be desi gnedseayeragsy dnstallingianeepplans rigerand Jidl systeais seriunpreadvesassenatle cprunper

115 assenbl ﬁg/ r ;ﬂrﬁ%sefn%y Foorékg;frgéehi%g %ﬁ;%‘@on P46 Q}d’qhﬁéﬁlg jgﬁnoer B:e%{é] @gf ety

reasons, a ulic connec ass can be assenbl ed w t ttom
of the subs&he ponppodlIBayviet desighed toyhedradaige engighropemigg toaltosdthe padshge qfithe

o el oSG0 e €A R, A LSl

15 be installed and connected from the moon pool to the horizontal jumper pulling head.

With the assistance of a ROV, the jumper 115 can be presented to the moon p ool
vertically as shown in Figure 4. The upper end of the jumper 115 is connected to the side
inlet of the dump valve assembly 120. Due to the eccentric load, the spider 145 can be
designed to support and keep the dump valve assembly 120 and the jumper 115 assembly
20 upright for connecting to the subsea pump(s) 120. For safety reasons, a hydraulic
connector assembly can be assembled below the bottom of the subsea pumps 190 with
the hydraulic plumbing routed to the pump control interface. As is shown in FIG. 5, the
two water injection line receptacles can be assembled next to the male hydraulic
connector. The hydraulic connector may be landed onto the male hydraulic connector
25 with the water injections line stab in the receptacle at the same time. The o-ring type of
seals may be used to seal the water injection lines against their receptacles. A dummy
ROV hot stab may be needed to actuate the hydraulic lock function after the hydraulic
connector is properly landed on top of the dump valve. An indicator rod on the hydraulic
connector can show the proper make up of the hydraulic connector. The subsea pump

30 190 may then picked up by the rig 180. As is shown in FIG. 6, the spider beam 145 may
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connector. The hydraulic connector may be | anded onto the male hydraulic
connector with the water injections line stab in the receptacle at the sane

time. Thewo-2nimgei7gpe of seals may be used to seal the Rarars2008joexsis on

| i nes against their receptacles. A dummy ROV hot stab may be needed to
actuate the hydraulic lock function after the hydraulic connector is
properly |l anded on top of the dunp valve. An indicator rod on the hydraulic
connector can show the proper make up of the hydraulic connector. The
subsea punp 190 nmay then picked up by the rig 180. As is shown in FIG 6,

t he spi der beam 145 mayopen to allow the punp to pass through then cl osed

to support fpén ®uHisSXhY PP 39 pailssﬂnaﬁglitlhm &lb@ﬂﬁb &ﬁpmrtj the mbgeaTﬁmﬁék)rm at i ser
oi nt can be presented, to {he.noan poo t hen ted to t

Jt he punp. THE @%mgwaua%dil@ B30 0 Hoih o R PSR 14 e mogh Pagl f“r?gt%gfr 0040]

FIGS. 7-9 atgndebledsd td topnst e aﬁ?t i s%heeﬁm&@hfée@tlﬁecpto hhemdeptiRynRpt  of
the deep sea mning riser and |plf systemutilizing certain aspects of the

present invéWitiBons. FIG 7 illustrates the riser hangoff structure 705,
whi ch may be a weldnment, which fits in the | edge at the top of the noon

pool and SUEM&'DE FIGSEr- 9'a§@'ilh§h‘£ﬁd?19 df%%ﬁﬁ:hia@%hm%dﬂéﬂts”&ﬂh@Qe}%ﬁ'h@ﬁt' dNke The

ri ser hangoft ructure (RHS) w a gi riser spid may be stacked
on top of tldeer-swbsemlqgmm( gird m@aystfﬂneltw@mﬁlqqs@lnaswtﬂﬁfythe’msmynwnénnsbe

pi cked up b k .70 enbl v, . El S
t he conbi ne?(%ch)fv1 lfa}tlglgaet Y rl§§81aﬁ§of?gﬁ%@%\2§§éiﬁ Eﬁ‘d“ﬁﬁﬁe s & ﬁ me%t’ ééhrr%%n pool
140. A "l edge'ledde t e tbp pf the nidoa pmmmdpomiormabe fiser ﬂmﬁigjdﬁﬁlldtmnaﬁd: mifinglat e

and support the.rise 0 uct ure is. | tratedln FI
Ao PO skigtidres e Phd bine i SRS (8D st Smhat® Hedt e ey B
riser 4 oi nt s@tkddhén fdpS&fthéL%Qbsea |j)@mb(s§ 490.h amhg Lombidet Uttty 790 nay then be

di sconnected fromthe subsea urrp s) 190 and the rest of the riser 130

pi cked up amipkpayp &Y tearig howka190 i eanehinedsassranbly.c K1G gbillvatyatescthe combinedi over
h f Qre $ t
the noon IOO‘%WI a%seﬁﬁ:r%ﬁd)ﬁaag? }(o%r nd‘fﬁhggft{o etﬁ%?n ?xﬁé&gcﬂﬁoh r I% Qtjth i on

fromthe catwa : e cat s on elt erric eac have
a riser catwy &f henmdbéaompodl audy, bevimicbidedrdy aceooepddafs el slippon ehe dsdryhahpeft boom

fggﬂes and d&u' e bt I;ESOiS tilrlll?str%t%g 5 FIG. f9 twm%nqﬁé Looci(kplcl-cl;,hl?pr fhe é{ghq of %ulpseg €

15 pump(s) 190 with the first riser joint of the riser 130, the riser hangoff structure 700 is
disconnected from the subsea pump(s) 190 and the rest of the riser 130 picked up and

installed.

[0041] Further, a derrick 185 may be centered over the moon pool. Riser pipe may be
20 delivered to the derrick for installation from the catwalks. The catwalks on either side of
the derrick may each have a riser catwalk candling tool, which may accept pipe delivered
by the boom cranes and deliver it to the center of the derrick. There may be a pipe rack
715A and 715B (collectively 715) fore and aft of the derrick. One pipe rack may have
skids supported above it. It is preferred that these skids be out of the way (deployed
25 subsea or shifted) before this pipe is deployed. Subsea pumps and various skids will be
delivered to the center of the derrick via a transporter skid which is opposite the draw
work. Transporter skids can accept equipment from the deck crane and can either skid
the equipment to the center line of the moon pool or be used to support hose reels as
required for installation. The derrick can be complete with lights, co mmunications,

30 industrial air, and hydraulic supply as required. The hoisting equipment, which can be
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715A and 715B (collectively 715) fore and aft of the derrick. One pipe rack
may have skids supported above it. It is preferred that these skids be out
of the wawo(dmpi3eared subsea or shifted) before this pipeCrasdesiossses.
Subsea punps and various skids will be delivered to the center of the
derrick via a transporter skid which is opposite the draw work. Transporter
ski ds can accept equi pnent fromthe deck crane and can either skid the

equi pnent to the center line of the noon pool or be used to support hose
reels as required for installation. The derrick can be conplete with

|l ights, co nmunications, industrial air, and hydraulic supply as required.
The hoi st i ngselwidepionthe nidet ard @amp i)stesedonsistsjmdrmy—deles miosmrblcmkdtrmﬂipg

system con aw Wor ks ro e i ng bl ock .wi ly and
bal es and eﬁ’i‘(?k "(‘S‘ﬁ%dglbf ?}esa??f?lﬁ%%rﬁsq‘rﬁévy g%qr? EW@ESOOW“?{?Q ﬁ‘a B deck
under the defdih &ktupdashé aéméltﬁ)eassﬂamd}haﬂml@gweaaﬁoams. [0042] The process
of "stacking" the riser hangoff structure 700 on top of the subsea punp(s)

190 all ows for e rig. desij Wi t.hoyt t necessjty of havi

conpl i cat ed [%Q@Egiﬁrpé%"e&%?fg “H’;H‘% dhs E‘éﬁ}?"‘%‘%ﬁdﬁ%ﬁm&ﬂq ‘gftbf)gl"?sea
structyres. phﬁlp@)ﬁ@Iaﬁ&w@?or@%h?l@l}igedés%nhﬁﬂﬂ)upme &Ees§1%PQpﬁév1ﬁ nSplRaed
punp(s) 190 from bel ow while activatin hydraul i cal I'y ski dded or hi nged

support st rgeeues yoesridraglinaly alﬁddefdu?ﬂt hmge@rwmrtnetmcéurm i It Mmaycalenbe or
more aspect %eﬁiatbt]gtgsﬂaﬂg%?f %r]?s'ﬁig I Qe Her dB&d ﬁﬂg:gﬁt (90 ¥ bIRW R ‘é‘étfvgf?hg

departing from icant"s 1n urther, e varTt ous
met hods and hgdﬂaohhaﬂiyrsknsldeﬂoﬂhmgdsemposi&rumum ng riser and i ft system can be
i ncluded in conbination with each other to produce vari ations of the

di scl osed U‘jg(fh%i%)tﬁ‘e” ng ”fﬁﬁgé "Elodimdds Etlﬂf 'OQTeOf ipals ?»'f‘? &tv%mﬁ)%”

i ncl ude pl I"ement’s and Vi ce- versa e or can occur
in a variet ylesmbsdacubem:&anwd dedisalt dthoits depmpthey fftomlthcy sbirm (bié(zkppmﬁmt s
various steps described rein can €0 ined. with @her steps, . .

Bt er1 noat SBeRieh PGS B SaNQRapah ol R ety o e seR P Bt
Simlarly, eh@mandysteMooss HREREIUGLISIAdoRBFhatibm Glithash bmelataobr@&&eh@n@tm?@dﬂfed as
separ ate conponents or can be conbined into conponents having mul tIP

functions. [Bodisqlosedemethodsmndagmbadifpentsy e Biscyesiary plheingular leerés) parejpclud
preferred arﬁﬂuﬂtehé?ﬁents and vice-versa.

15
[0044] The order of steps can occur in a variety of sequences unless otherwise
specifically limited. The various steps described herein can be combined with other
steps, interlineated with the stated steps, and/or split into multiple steps. Similarly,
elements have been described functionally and can be embodied as separate components

20 or can be combined into components having multiple functions.

[0045] The inventions have been described in the context of preferred and other
embodiments and not every embodiment of the invention has been described. Obvious
modifications and alterations to the described embodiments are available to those of
25 ordinary skill in the art. The disclosed and undisclosed embodiments are not intended to
limit or restrict the scope or applicability of the invention conceived of by the Applicants,
but rather, in conformity with the patent laws, Applicants intend to fully protect all such
modifications and improvements that come within the scope or range of equivalent of the

following claims.
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enbodi ments and not every enbodi nent of the invention has been descri bed.
OQovi ous nodi fications and alterations to the descri bed enbodi nents are
avai | abl ewbaotssmsof ordinary skill in the art. The di eCraseasasisi3

undi scl osed enbodi nents are not intended to limt or restrict the scope or
applicability of the invention conceived of by the Applicants, but rather,
in conformty with the patent | aws, Applicants intend to fully protect all
such nodi fications and i nprovenents that cone within the scope or range of
equi valent of the following clains. WHAT IS CLAIMED IS: 1. A nethod of deep
sea mning, conprising: mning solids for the sea floor with a subsea

m ner; punping the solids fromthe subsea m ner through a junper; punping
t he solj (o) j er up ariser to a surface vessel. 2. The nethod of
claim M%J{{Sh@‘&mﬁ sing: nonitoring the distance between the subsea

m ner and the at | east one subsea punp; adjusting the distance between the
subsea mner and the at | east one_ subsea punp to ensure the distance

bet ween t he ltwo & @§thad ehdesp se4 BindRes FABPHBNST ni ni ze the force on the subsea
mner.,3. The mepfindsQ licﬁlféﬂtﬁbgeaﬂgb?(ﬁﬂl'l subRa®ihdrd s a seafloor nassive
sul fide deposits. 4. "The nethod of claim1l, further conprising dewatering
the solid. 5. Theumpingdhkk seiids frainrthe subsearminer theamghrijenpry; di schar gi ng t he
wast ewat er used tQ pu the .sol i r . . The met hod of
claim1, whereinPtR ‘“%E?Fp%"ﬁ‘&s ﬁgmgg??u%?pﬁ%%po?)%}p%ttg?gﬁarlgat%ggﬁsesgléubsea punps. 7.
The nethod of claim1, wherein the junper is "S" shaped. 8. A deep sea

or i Zont Al Punpen P BREE RE dpf B GRSy modul e:a riser  system coupl ed
to theg, punp nMOAul@nitdfs the distance between the subsea miner and the at least one subsea
pump;
adjusting the distance between the subsea miner and the at least one subsea pump
to ensure the distance between the two stay within a tolerance to minimize
the force on the subsea miner.

15

3. The method of claim 1, wherein the solid is a seafloor massive sulfide deposits.
4. The method of claim 1, further comprising dewatering the solid.
20 5. The method of claim 1, further comprising discharging the wastewater used to

pump the solids near to the seafloor.

6. The method of claim 1, wherein the pumping is performed by at least one subsea
pumps.
25
7. The method of claim 1, wherein the jumper is “S” shaped.
8. A deep sea mining system, comprising:

a sea miner coupled to end of a substantially horizontal jumper,

30 a jumper coupled to a pump module;
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the surface vessel coupled to the riser system wherein a solid is mned
fromthe seafl oor and punped to the surface vessel. 5 9. The system of
claim 8, wbaensaei’Be solid is a seafl oor massi ve sul fi decaaseaising3sii0. The
systemof claim@8, further conprising a surface punp to dewater the solid.
11. The systemof claim8, wherein the wastewater is discharged near to the
seafl oor. 10 12. The systemof claim@8, wherein the punp nodule is a subsea
nodul e | ocated near to the seafloor. 13. A nethod of deploying a deep sea
m ning system conprising: is stacking a riser hangoff structure on top of
a subsea punp nodule form ng an assenbly; picking up the assenbly by a
hangi ng mechani sariséraysfemgotpled tostbe pivp modulg; anson pool ; attaching a first

riser joint; 20 dis ect | ltp i,Ser f structure fromthe
assenbly; and at éec%ﬁﬁ%‘%%gepg%&é’ e%&égl?eslrésgg%g%g{’ser joint to formthe riser.
wherein a solid is mined from the seafloor and pumped to the surface vessel.

5 9. The system of claim 8, wherein the solid is a seafloor massive sulfide deposits.
10.  The system of claim 8, further comprising a surface pump to dewater the solid.
11.  The system of claim 8, wherein the wastewater is discharged near to the seafloor.

12. The system of claim 8, wherein the pump module is a subsea module located near

to the seafloor.

13. A method of deploying a deep sea mining system, comprising:
15 stacking a riser hangoff structure on top of a subsea pump module forming an
assembly;
picking up the assembly by a hanging mechanism,;
hanging the assembly on a moon pool;
attaching a first riser joint;
20 disconnecting the riser hangoff structure from the assembly; and

attaching at least one second riser joint to form the riser.
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