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[0002] Deep Sea Mining Riser and Lift System

[0003] STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
5 DEVELOPMENT
[0004] Not applicable.

[0005] REFERENCE TO APPENDIX
[0006] Not applicable,

10
[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 exfraction 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.



' [ 0009] Description of the Related Art. Seafl oor nassive sul fide
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- vol canogeni ¢ nmassi ve sul fide ore deposits or VMS deposits. SMS
deposits are currently formng in the deep ocean around submari ne 20
vol cani ¢ arcs, where hydrothermal vents exhale sulfide-rich
mneralizing fluids into the ocean. SMS deposits are laterally
extensive and are conprised of a central vent nound around the area
where the hydrothermal circulation exits, with a wi de apron of
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from1,500 neters to 2,500 neters. [0010] Econom c extraction of SMS
deposits is largely in the theoretical stage, the biggest

conpl i gat i onodie] BRIER SUMMARE OFTEE INVRNTIORt Whi ch these deposits

are formng. Thus, there remains a need for a deep sea mning riser_ .
and lift sydeMal Applieants hayeasreated grivethed sud spiteraof degp ifed gniniagraopiprising

massive sul flﬂigﬁg @%&eﬁ%@f?&oﬁbﬁl%e sedHoohith Q%@%Z?Bﬁ@é,%%ﬁﬂa% BE3AAR from the
subsea miner through a jumper and pumping the solids from the jumper up a riser to a

surface vessel. Further, applicants have created a method of deploying a deep sea mining

10 system, comprising 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; disconnecting the riser hangoff

structure from the assembly; and attaching at least one second riser joint to form the riser.

[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.



[ 0011] The inventions disclosed and taught herein are directed to
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Applicants have created a nethod and system of deep sea m ning
conprising mning SMS deposits fromthe sea floor with a subsea
m ner, punping the solids fromthe subsea m ner through a junper and
punpi ng the solids fromthe junper up a riser to a surface vessel.
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i nvent i ons. require numerous implementation-specific deClSIOIlS to achieve the developer s ultimate

goal for the commercial embodiment. Such implementation-specific decisions may
15 include, and likely are not limited to, compliance with 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

“ !9

as, but not limited to, 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,”
“upper,” “lower,” “down,” “up,” “side,” and the like are used in the written description
25 for clarity in specific reference to the Figures and are not intended to limit the scope of

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 2 riser to a



25[0020] Figure 6 illustrates a particul ar enbodi nent of an
i nst al | atworzonfosaz#sat ch ri ser joint onto the punp nodul ecrris20mio8ssis
- certain aspects of the present inventions. [0021] Figure 7
illustrates a particul ar enbodi nent of the deploynment of the deep sea
mning riser and lift systemutilizing certain aspects of the present
I nventions. [0022] Figure 8 illustrates a particul ar enbodi nent of
t he depl oynent of the deep sea 30mning riser and lift system
utilizing certain aspects of the present inventions. WO

2010/ 03627 8 BarFides3Q6B/ BaRA AppIRARS hatd @é&t@ﬂ Hmiethod SF HeflSfinga B@éptéeﬁ H'Jnﬁﬁg
[if

enbodi ment of the depl| oyrrent of the deep_sea mning riser_ and

system ut i | SY§9B Rrigie acking & rigr }laﬁ%off)ﬁt@@élﬁ? onrioR of @(ﬁuhsea[module
DETAI LED DE%IEJ hlg}lsJe%] 1@3& t:ghlar Qs%elqﬁﬁfcl; dgﬁ%%ngonsﬂ%gf n, | agmg the

witten description of speci ructures-a
not present essembly pmatmednepeal opitaching whfitst Apﬁpljowndlscmwng rthee n‘smdlangoff

doscr i bt on “Tratis FRBFREGeftf A adiRbibg a ehitBud PR RR RO e i

make and use the inventions for which patent prot ectlon i s sought.
Those ski | | ¢027hFiGel & an illustratiopmfecsyatem fdnmhnumgtandlﬂrodle&igwohﬂs dhcliding

a commercia e inv are scrl ed or wn, for,
e sake_ of S ARPYER AumdriguSrishendny sSees ey ot b ofof hverigsl iser
will al so apjprtegieadetd dat surfaee dossel afneah dhﬁlr&ﬂnéﬁﬂﬁabafégmecélaéed loop
enbodi nment |ncor orating aspects of the present inventions wl

require nu nefRSEAEnL YIS A9 RPVVEInthe Fubscr ipumpe cThs tbsea; minge Hp%mythq:eused to
devel gper’ s mthd fhEBbRIsY BRludhiY SNIBEFEM @E@ieﬁﬂ&lrl 3(5@ ﬂﬁgﬂ{g s}gz?'f&%ﬁht SMS fields

|nplenentat|on specific deci si ons nay I nc are not
limted to, hexendkypient sizaiof abeytsiWnmeistsawise, by LA0nmetsrsr lenatbs!cabout 10 to 20

oo e R o ) b0 B A iR g B B! Lo
efforts m ghtetdmetoc@ﬁﬁo anectemsd Thensbseansiner 205 mayaworkbsothet @ggdn@fain with
FR TR TN AT SN AR M T
15 to perform 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 fo 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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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,
fransponders 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



transport pipe. The junper may be configured in an "S" shape and be
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devi ces nove the subsea mner 105 is not upset, overturned or

ot herwi se disrupted due to a tension in the junper 115. The force
exerted by the subsea punp 190 on the subsea 30m ner 105 may al so be
m nimzed. Wthout decoupling the notion, the pulling force WD
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20 the solids have been mined by the subsea mlner 105, which is coupled to the jumper 115,

the solid may be transported through a jumper 115.

[0032] The selids 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 130.



25 dynam c position vessel tracking nmay be used to track the subsea
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assenbly 120, up through the riser main tube
vessel 195. TwéceabrakTahlinpymaned igo thﬁa\yatenzalegt@ndms ilm anfl 135Bdcolieotively
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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



- [0033] Proper tensions may be inportant to any vertical riser

systens, including riser 130, especially in this water depth in order
to maintain the shape of the risers, to prevent clashing with

adj acent equi pnent, and to reduce cyclic stress intensities along the
riser 130. By placing the subsea punp(s) 190 at the bottom of the
riser 130, the entire riser 5 130 may receive the needed riser
tension due to the weight of the subsea punp(s) 190. In the preferred
enbodi ment, the ideal tension factor may be greater than 1.2. The
tension factor is defined as the ratio of the top end tension to the
subner ged weirgfiduabfvhidheisr dissbarged taclg inté-dhe eomafipbre, Thé prévesufpycling the
nodul es wei g : | aced. at .t he bottom and {he quter
di aneter of t afé{eg%%glgf tsog%ulqﬁ'?l??geoglﬂﬁp genf Kol Ee%eﬁhisﬁ% ¥ AFAPEFIEL By a
t o i ot hr ee- quenfacerclased hoopalvistevatet sPstérenSThendifchabp thavaliewaehileseed. the

[0034] The s cribe herei,n may be.ideally designed tq have

t he punpi ng é%amglg&%gs%%s‘f(r&o%&ﬂ{eosef"ilF‘fe?t’ﬁén‘QW%G’ét?lsbgeB i and) 3flowgyshe
fromthe deepasteabteonr pdver tifeesubsial @es 190 tHigher, tHi@aM&fdﬁrh&ﬁ'dié&ﬁa%%e’s’the
or sinply ri Seks 130 q&\é b desfio%ned wi th the proper tension as 5

di scussed abd7EeWHErC 6??’55%? T pifBoyt additionsy risexs besapse 4k Westewatar tavels
and vessel mdbwotheisiigleate: 138tof giiCemiddiien@l ri Ving at the top end of
the riser 130, the solids, such as SM5, may be dewatered. The

wast ewater fromthe dewatering may be punped out at the surface or

preferably pgooEsHTher aylte Wieb@insi Vi€ Gld @iind WVAICS als3mbyaitd ﬂ1§§%§ed to Be
(coIIectlveIﬁF135 i ggy. backed onto the'riser Tain tube

é .ch gay_ be 8 .
125 (bdth coftSImHEDEY Hom, tag Fiser AG0 e thug 3h surfrce messelohsr dipsiesamplbaniihs

of the punpsevenduf €& dy@emicldySteRiledRing 1ol 8 BEHdSRh tﬁlﬁoﬂé'émlﬂpqm is
conpressi on chanber of She unp(s) 190 to lift the S&Ids to the
surface vess8IURRSS With ) gawbispdeaptelyaoperanshvabicle (RQhorpaated ot (2) @ pump

diffuser to peskiCgack pemBat BORLEE SRRSHr HPESS 5 dR ek @Ed 4 protect the
di scharging |nto the sea floor. To avoid the wastewater

di sposal - cr eBt¥r §13/&°m Seins arrastystalind pisubseasniperd S eing toppled.niThe ROY may
devi segs at  BSkdph@n SRHAIRS tolREuttl BE ARE et%t' ee dﬂed‘rﬁ‘aﬂ%&g tvl\ﬁesaw;[ra%e
h a gnc I'n fa

hori zontally with the di'scharge force | e orizon

di rection. TRSENElY 12RgledH?Y onayt greb whesivemet bandienbhr wéttler contiobpariebon the
lines 135 fogikge2 d ¢ chrs e rdisposal .|

t his enbodi ment? {)ﬁgﬁ wast ewat efﬂwfésgﬁtgﬁcﬁ{%eﬁ@?%e g%&grm?%e s?fﬁ%aé%l for an
punp(s) 190 eénersenss disgernetiarihe RGVimay then dissonnmtt thébydsmdic fcbmertor Bateken

As a result, g4gighk rval% Iasstsrlﬁﬁlgrgl]% iagéth@‘irﬂﬁdlgﬁ)g $ &%Q%P?%ioqgﬁggﬁ%g? ‘rg%érflglp,

captured in the surface ves as soll
resi du#l whi @wthes optionahar ectd charckt thehydréiie cireuitsfdf derhyditlc pimesso die

cycling the myez\Y | fypabout fi.fteen mnutes., This e
of arr angerre%@%rra %ﬁfm a E%ﬁ; %%%4 icblobgi gldmfbélécﬁf \/‘\’é%‘ing]\ﬁﬁﬁée&ygvg{’]‘é?ﬁ etlg/ﬁﬁﬁ’
di schar gi ng $igralsiaen dheapuenp @intskpane minebesimsthlicddn tiksconpplased of ligswrfac

bover the sused 188 ObROBEALEeciih Bl B SimitiIad oo Bith fichertne
vast ewat er cjuower 15 g dsepafol thesealbdroul ractdielyi iocddutel 188 B basiadise: to
the vast evat ghicl B e YN0 adbSoi5 180k thé RLonal judpertlsS SPOd Ment

[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,



- [0035] There may be situations were the dunp val ve assenbly 120 nay
need to bwodoswmezrmct ed fromthe riser 130 and thus the reardsaom/ 083513

- vessel 195. For exanple, in the event of the dynam c systemfailure,

the top end of the dunp val ve assenbly 120 is equi pped with (1) a
subsea renotely operated vehicle (ROY) operated or (2) a punp power
pack operated hydraulic connector which can be di sconnected to

protect the junper 115 from bei ng overstretched or subsea m ner 105
bei ng toppled. The ROV may 15 be kept on standby to execute the

di sconnect Wh%eﬂlblj? %ausEowéﬂrSa&‘nﬁ %%tibﬂ%ﬁ@&”@ﬂ%%eﬁﬁ:ﬁ?f@r}éeétﬁﬁ tt{?
ROY may grab the junper | e bar of the control panel on the S
punps 190. ¥henginpod ysteqmﬂe;m@er@h mﬁebw&%@éﬂd alopg ivdthpa opercightts mchawar

connectof bERRanEfr g SR Tl OF R HARMERN bR BHESPbifiion o e

an ROY is nahkmowa patbd:le sma ddambutth lm,rdnié@s Fibvdless amntuommetﬁtycdir&cﬁtfauon in

cCont ol pandi® (e b poisiadis e dasplecipdfer Bigerdihtoron SSRGS whdh it o

hydraul i ¢ othecfufeé piofectd. SMRbetef diemtieh gltRsbR: ﬁ%ﬁxrp@hodlaeﬁdmﬂﬁ%nhﬂ' the wall
installed in_the control roomof the surface vessel 195. Once

di sconnect edhieknsssinnhe sHpiogic ateps pfthe vertical risergmay prevideca way ito epiuzg that a
Junper 115 e

T ed out TicEECRa il 4 the Suldf BlotuRIRAL FRAfe Blinp oxt
hori zont al thnweﬂle tutbulencs) o mae be pagvalent, a e@shalf insht wese aillowvangeamay be
nmechanj sm i r S 2

parti c[i e i rrpalglte hll\‘/3\/@%1?1 aio?%e‘g\?ﬁétﬂ?l f(‘:oé%mg %‘ﬁ%ﬂgﬂq}hﬁ&gnﬁﬁlﬁg?t% s)el}h%%ser system
suscept i bl e ontei diayneted ntdyealsdl bedboamd weitr thedntally tsperyek slegiinumm with ahbdes@tuwd

exit at the, bgt tomandtheto end el bow ex for the vertic ri.ser
conflguratlahg@mp mAdyies o fhe moRILEPOR Eifﬁtrmoaflaw alppg, evanmfe riser

have tur bul gpeeeldiau atRegy cﬁﬂbﬁé‘r%ro&!cﬁbﬁ‘%rsiéﬂ? The Rt o iR Swear YWY
2010/ 036278PCT/ US2008/ 083513 whi ch may caus€ wear and an attrition

ef fect. For cemesianapgy beminimized withcthe sistemstead meghods dessribechabamel yet

ducti material nmay be selected along with a one-eighth inch wear

al l owance for the wall thickness to cope with the potential wear. The
conbi nat i on[B7} REG. Mmﬁlﬁumﬁm of the bottam df ﬁt:rphmpthemg sublmdabdmveﬂldsea

val ues and yol unetri nce ation i $ e flui t he
st Tante Toub Brtaf aRPar i AR  ThidskeReais e & ensBRie e bSegm
future proj ﬁ&t@bseﬁfplmﬁ(grlwlcﬁfm eontidt tthiasearfiodr dirisd the Iﬂﬁt’(dcﬁ@h 6perat10n A
exan nation of the wall th| kneéls in the strateglc reas, of

vertical ri S8mpiyalyessssmbiy 120 ghihe (viriging of RupRsInay, be ?Sﬁqaéheémenmhﬂs in the

thickpess reggiBe filP&nde%uxhﬁl&&'a?'tH&%o&Bﬂ@f%é 3r P3U, 56 asFfen eﬁ wcr
exit where the turbulence flow mai/ be preval ent, & one half inc

al | onance rrwnwérum@dmﬁh@mmﬂ aetlosrriopsi (Tie nemevep thedfabeyssolidsi theydirngy MaIVe
¢ _hr one cont {&teﬁlbl 'ag%% o?éﬁédef@ W{he% ac egﬁ%{ Illdf" k::% gutgnge& 8ﬁt 51‘3 the

with thernma raye mnumvm ano
nmodul es andprmlactldxhestmedl fhe ldumpl ﬁhtcrasselﬂﬂj?ltlaﬂ uhdyybeabpngd tahé ciséd éither

riser may be added to fect tH orr S|on]8§ tectlons tem The
v, J%I;T.g};:

i nt er act i on°BiNRE2 Trngaly qgere 9T (ROEE: DYk #5isied Operation
systepy and fighi ih@%ﬁbﬂ:ﬁ%ﬁiﬂﬁ?ﬁdl%poﬂ%ll bere 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



[0037] FIG 2 is an illustration of the bottom of the punp being
suspended above the sea floor, preferably about thirty nmeters. This
distance is ideal to ensure that the bottom of the subsea punp(s) 190
do not contact the sea floor during the production operation. A dunp
val ve assenbly 120 at the vicinity of punps may be desirabl e when
solids in the 20 riser 130 fall and accunul ate at the bottom of the
riser 130, such as when the water power is interrupted or the punping
action stops. To renove the fallen solids, the dunp val ve assenbly
120 may be opened to allow the cunul ated solids to be dunped out and
t he product i @epieteshedpp cad terminationpf heriser systemmiore a PppeRdgrMination spask or
and closed eigbPRfintqBERN ABRY APt RRLHALIE WY M Furkiid iphBRaBPY splder
power pack ass?gdt’med ope%hg[)i‘}(t)n 25 f{%p)gmthfe) subsea 1pu _(ls) ?@LQQ. %g fsglle
bor e passage beamistsisbre 14ayAlse shvediaFIE o3 Guatheviab witgr infeetiagolineg 4 3% and
and to direc k y. éﬂﬁ%s :Qh.124he
ROV may be utsl?aécpt?%&g%&s‘%&e?ﬁeﬁé%ﬁﬁ%tgg‘g?te otgfé g’g'gﬁ) &%% ."%3‘% t h%erlS-sﬁérThe
130 ands t o cpuducediselidiiand waitrveixtssway by damped ioto the dewvateringdropperdhioogh
[0038] FIG | Sl [ f

wat er inject ﬁic?ns I ng&{@ﬁ&g%ﬁ%ﬁkggv’{h&rﬁaﬁéwg ﬁ%&%é%@ gﬁ%ﬁ%%‘& AMnto the
di sposal and watef tnjestien Bmasr1d8 by therfdter 150h €T Heivgar énjedtiop liotssl 36 meaytbe pusdiet
term nation of - T . em where a upper termnation spool or
flex joint 1%th%%%§nu%%€élf)e:ﬁn a support receptacle which in turnis
supported by a spider beamstructure 145. Al so shown in FIG 30 are

t he dual wat §H03PhFIEs: #dn 6| dredlsitegions efian exemplafcerhbaslimeny of g rig3Hyl hbisting
the dewyateri ) : j p i

and vator i St R BEbibAng 8B BidiE od EF gfh ofit PREGRH TR e
the surface piqoenseof ontaljmgah exdBplary higenend didvystem. iy diwep Vall¢ esseublpoah
punped into W i I fi 5

hater i n ot P Eisel S5tk BientddTR iy hob R i b o P Wi s,
[ 0039] FI GS. The mooGpent eayy bk designad icohesa lafge amoveh eppling ty aiob deti passage aftha
rig and hoi sti I or ying and retrieving,the riser and
[ ft oyt om IR e POl @R G b Spocl D iRk i 2
exenpl ary ri beinstatied had tormydtd fromThe mobompoasiatb\tee hardsontal jungpanpilibng head.

first assenbly.,t9 be .presented .l he npo ool 400 and .,ontp the
spi der “beam TE BeEsRRiR H SRAY b fuBRR R 15 B0 P e wingne!
openi ng E) 0 abérﬁwllyhesmﬁﬂh 'amuim‘tktm L@pm&oﬁtmp.(nﬁﬁel r 18%0is c%’rhﬁctjedlfmﬁél Iside
115 may be stored.on, the spool. A nessenger,|ine can 15 be i nst e
and connect eH'(feI“tr0 Fhetc}’ﬁa’l’r?@i 355y E)%f ﬁ@“%t&tb%ﬁmw F‘i‘f} be S%ﬂﬁrllf‘gﬁan b
head. Wth tH&igssicdppsrtardikedp MOYump halve aBatly 1i®aiiie ghpef BISRAbly
to the noon g [o]o] fvertically a?l shown in 'bgl;ére 4. The upper egld of .
the juffper 1YBIERE MULFPREGHRG 1P othe (ROSER pump Ot For patedil, F3sapsy § diydraulic
assenbl y 120corRe@ort #sdnitly @EL B hdstiibledBélow tREbARIAISY thd 45bs6APurli®s 190 with
E unp val ve assenbly 120 and, the

designed to su rt.and keep the d ; y 1; |

jumper 115 a g&&a 1‘?&“@ ng?ﬁte‘#@rt%‘%m%‘t“?rﬁbm egfa¢m Assig Saevn G ( 3)the
190. For saf gy wa@aSiajestiond lihY Fécdpthél6s 64H1BE CAs@mbAIS 8OR! ¥ G&MAE hydraulic
assenbl ed bel ow the bottom of the subsea punps 190 with the hydraulic

pl unbi ng r oufYEER- ¢ Hee Bidipplic sarnesior may deflanded ople the malsohidraufic ppngectst
the twgs wat etyith MetwitbORjekidhe 1iHE SEPIAGE GSefiadle mh@médmea&ﬁ%é Qpt BE
mal e hydraulic connector. The hydraulic_ connector nay be |anded onto
the mal e hydP&lfmey bowsedde sval 85 witerHiniestiondines pgaing deirirersptablon e Agtuatimy
in the recepkras) fordtablhsy SARRAL FBclfi8nO nydrRgicl H@fu%tioﬁ%e?tlﬂgq%dgg}ic
used to seal the water i'njection I1nes against their receptacles.
dummy ROV hotonsecder ipxpperdy lededan teppofdhe dummevalyee Anyigdigatbi rod bodie hydraulic
function aft |4 i ERY; d

the dup val S R A pR IR A R K hAEET TR ol8 iy
t he préper mb¥bmeypthe pickes up/irthetig d8% ohnisshown inTHIE. 6,uthsspidep beam BELIHLY
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open to allow the punp to pass through then closed to support the
subsea punp(s) 190 at the transition joint. The first riser joint can
be presented to the noon pool 140 then connected to the top of the
punp. The sane procedure is used to run the entire riser string.
[0040] FIGS. 7-9 are illustrations of particular enbodi nents of the
depl oynent of the deep sea mning riser and lift systemutilizing
certain aspects of the present inventions. FIG 7 illustrates the

ri ser hangoff structure 705, which nay be a weldnent, which fits in
the | edge at the top of the nobon pool and supports the riser during

i nst al | at i on caemitorallavribe pyver tetriagnrigrouginihen tlotad to supgott thesubsge pump(s) 19S)
with a gi nbal ' st d '

purp( o) "100. Upn sk il “The T e Iy o3h BF pRReEh kO Fipoh Jopl WHE R
ri g hook 700 casnegted dartfiertepl o thweprimpy . TR @meSpro¢edustis asedstoTonvthehentire riser
conbi ned 5 enbly 720 may be | owered and hung off on the noon
pool 140. A "[edge" at the top of the nobon pool may be included to
accomodat e and sgﬂgort the riser hangoff structure 705. As is

i |l ustrated i[P040] BIGR) 7-Qvawnillusfeatipnesord gertionlar gmbedimenteiofithe dploymisstieef the
punmp(s) 190 w b j bQbNt t i i .
hangoff str u‘?'{:%ﬁr"%efa%gfnggﬁ%ﬂ idggﬁsejg%ggﬁ t%l frﬂgl c’? ghéﬁﬁégio%glﬁrt%%%?{ﬂfg%&g%sd
the rest of tHG. 7 illvetrates3le riser hangoffistragtete 70& tvelichaday 00w dlfimenty whieh fitsdn
derrick 185 Rl i 2
ol 1 ver ed to s f B inihiln b3Palboaile ol e LR TRnd fifily
cat wal ks on eptitdonssi The tfer tHapgad® strucolte RSk adth 4 gimbalkdrissespidat may ke
candliqg_tool

[ c ' i vere he b ranes and
deliver it tgta{: % écilgtr? er t%? ﬁ{%ﬁéea Igle"?"?sl)g%b‘ }Illﬁlgrcgm}r%lﬁé Sseseggféim&@ AR be
715A and 715Bickedhp by thewis hook TBY af acantind @fdmidf. Flte 8dHustiatek ho®@nke combined
pi pe rack may h i Sy rted.above if. It is pre ed..t hat,

t hese skids be %sfémy(y ﬁ?em ?RE'@q?‘éi%fﬁ‘? %'8‘35’“%3*@&6@%’3095&0811?{[{ édg)le f 8tige
this pipe is teepf thyeshonSuwok ary (haripduded do iedommistaekind Suppdrd th @iser hangoff
delivered to the ¢ er, of .t he derrick via g transpqrter, skid e

is opposite tsfl{'é&"clff: :}VQ/BW&S kS ‘]ﬁ‘g&ﬂﬁ%ﬁ’&ﬁér % ‘Tg?eﬂzh%g‘f?kéﬁ‘g‘éb’? theytyp ts’“'!’]sea
fromthe declpump@hedtawithclenfist tikee joittkifdhd Her a0} the H Y hhofh@ruClari s is
line of the on pool .or be used to support hose reels as _required

for install ag.f@S ?'P.“chtﬁ(iefralé]rtgf Eﬁgsﬁﬁﬁuw%c ttEe fet ?fetﬁF &ifgrst30 gicked up and
nmuni cat i ons,insBfledhdustrial air, and hydraulic supply as required. The

hoi sting equi pment, which can be used to deploy the riser and punp
system consists of draw works, crown block, traveling block with

dol I'y and bal[em1pRaHiet,eVdinediks18sthiy bd Yenfekdd dvéd R MBodkEboR | RRerSlipd!Ah He
on the main %eck %nd%{(fhe erflc¥_to assj st riser handling
elivered to the derrick for installation from the catwalks. The catwalks on either side of

oper at i*dns.
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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[ 0042] The process of "stacking"” the riser hangoff structure 705 on
top of the subsea 5 punp(s) 190 allows for a sinple rig design

W t hout the necessity of having conplicated structures using
hydraul i cally skidded or hinged support structures. It nmay al so be
desirable to hang off or support the subsea punp(s) 190 from bel ow
while activating a hydraulically skidded or hinged support structure.
[0043] Other and further enbodi nents utilizing one or nore aspects of
the inventions io described above can be devised wi thout departing

fromthe spirit of Applicant's invention. Further, the various
met hods and entslg |dﬁﬂﬁ1’ egieripid PPER BYSah CHISHISRY dravwerksrfaown blpck yravebing

can be i ncl U%ﬁﬁgl»ﬁtw zﬁ‘ﬁtﬁaﬂe@ a‘Aﬂtetkv%ﬁh mlnfanttagg@fsoﬂhgcasy@ma@édl Aide

of the disclose s and enbodi nents. Discussion of” singul ar
el ements can mwd@a@n@ﬂr@imderr&kémqﬁtstsmnhpndh@geom@t@as 15 [0044] The -
order of steps can occur in a variety of sequences unless otherw se

specifically [bﬂﬂ?]'f{‘ﬁg prot88 of3%iaOkifSthe Pﬁer%ﬁgdff Bestnlre 785 Bn Gah oPfhe subsea

conmbi ned with ot Steps, interlineated he stated steps,
and/ or Spl it PHAPES) A0 eligyrscone simple g ﬁ‘ﬂ@r‘f"’}ho“bﬂhé mesrssitylf\having eemplicated

descri bed f U@ﬁ'&étﬁ}@@uglﬁg A 6RAND SKRIORP S} GBS St'ﬁﬁﬂﬁr ShuBtufed"PR MY fso be

200r can be conbli ned i ntd conpohents haV|ng multiple functions. ]
[0045] The i Wowrabledndang ol opsenporidhe subbracoump(9)HEO0 diom bstew othilp eetfvating:al

and ot her en@g@hQ%Ql?mQ&gdgphnﬁat#%%S fe aInt of the invention has

been descri be vious nodifi terations to the
descri bed enbodi nents are avail able to those of 25 ordlnary skill in

the art. The [843t Pdhse and Fythgn srnbedigents) vikiaiegPeerh Botg aspeet of) the aygrtipns

to limp or rd@fchbecptab&\necﬁp%edeerse@mmomaae,iamg ﬁ%mt i) sﬁeﬁeef ';Qﬁ')hcant
concei ved of by icants, but rather, in conformty

patent | aws, “AﬁBll?Tbaﬁ%"E‘eTs decyraiopy methpdy gndmfhogdiments qf thméwp sea mmmg riser

modi fi cat i ongnand s ?ﬁ&ﬁ%&?ﬁ@ﬂk&d&"ﬁ%coﬁ%ﬂ% Gith Radil G40 BfodBee V21266 ¥F
equi val ent of the | owi ng cl ai s
the disclosed methods and embodiments. Discussion of singular elements can include

plural elements and vice-versa.

[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,
clements 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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CLAIM5 1. A nethod of deep sea m ning on a seafloor, conprising:
mning solids fromthe seafloor wwth a subsea m ner; punping the
solids fromthe subsea m ner through a junper; punpi ng the solids
fromthe junper through a riser to a surface vessel; nonitoring the
di stance between the subsea m ner and at | east one subsea punp

nodul e; and adj usting the di stance between the subsea m ner and
the at | egeAI®i$e subsea punp nodule to within a tolerance to mnimze
a force on the subsea mner fromthe subsea punp nodule. 2. The

met hod of claim11, wherein an inner dianeter of the junper is smaller
than an inner Qth AL Qh riilBgoh3REaflood cotpfisiBt hod of claim 1,
wherein the solids conprise seafFoor massive sul fide deposits. 4.
The net hod of mingigselids fromithescaderrpritlsd subsehawimesri ng the solids. 5.
The net hod of ¢l ai.m further rLsi-n I sgharging a quantity of
vostevater usdin e sOMREL AT HIRG SoRE"CLEREor. B The

met hod of cl aipundpingvdhe selids fidnetheynppdrghioaglperif@ e surbie atsskleast one
subsea punps. 7.. The et hod %f claiml wherein the junper is "S"

shaped. monitoring the distance between the subsea miner and at least one subsea pump
module; and
adjusting the distance between the subsea miner and the at least one subsea pump
module to within a tolerance to minimize a force on the subsea miner from the subsea

pump module.

2. The method of claim 1, wherein an inner diameter of the jumper is smaller than an

inner of diameter of the riser.

3. The method of claim 1, wherein the solids comprise seafloor massive sulfide
deposits.

4. The method of claim 1, further comprising dewatering the solids.

5. The method of claim 1, further comprising discharging a quantity of 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.

7. The method of claim 1, wherein the jumper is "S" shaped.

8. The method of claim 1, further comprising pumping a quantity of wastewater into

one or more water injection lines piggy backed onto the riser.
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8. The method of claim11, further conprising punping a quantity of
wastewater into one or nore water injection |lines piggy backed onto
the riser. 9. The nethod of claim8, wherein punping the solids
fromthe junper conprises punping with a punp nodul e having a
conpressi on chanber, and further conprising at |east partially
powering the conpression chanber with the wastewater fromthe one or
nore wat 9. i njBetrhahod ofivdsim 8§, ere]'mplmp'hgdtt sofidcfrah theljpmberr dolngtises
conpri sing cqQu a du ve assenbly. to. the pu modul e.

The’ et hogantppih oS el e iR High bbbt JFOdB AN A8t
val ve aSSl%EQ?bé(mallylﬁowéEhm% it diRsteRfonchaiberkiith M0 SFableRateLTBinahy 0PN Ng
the dunp val ve assenbly conprises using a subsea renotely operated
vehi cl e (RO¥)Water ipigetiprdévér pack, or a combination thereof. 13. A
deep sea mning systemon a seafloor, conprising: a subsea m ner
coupled to a substantially horizontal junper; a punp nodul e
coupl ed t 1.t helleubahahdf dditnyl, iatlier cohadisiggeapelingla dimap kylvé asamblygo the
subsea mner; a.riser systemcoupled to the punp nodul e; and a
surface v@’é%"e’lnoﬁ'i}&pl ed to the riser systemdistally fromthe punp
nodul e; wherein a solid is mned fromthe seafl oor and punped to the
surface vessel ;

11.  The method of claim 10, further comprising remotely opening the dump valve
assembly.
12. The method of claim 11, wherein remotely opening the dump valve assembly

comprises using a subsea remotely operated vehicle (ROV), a pump power pack, or a

combination thereof.

13. A deep sea mining system on a seafloor, comprising:

a subsea miner coupled to a substantially horizontal jumper;

a pump module coupled to the substantially horizontal jumper distally from the
subsea miner;

a riser system coupled to the pump module; and

a surface vessel coupled to the riser system distally from the pump module;

wherein a solid is mined from the seafloor and pumped to the surface vessel,;

wherein the surface vessel comprises a computer which monitors a distance
between the subsea miner and the pump module, the surface vessel being adapted to
respond to the computer and adjust the distance between the subsea miner and the pump
module to within a tolerance to minimize a force on the subsea miner from the subsea

pump module.

14.  The system of claim 13, wherein the solid comprises a seafloor massive sulfide

deposit.
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wherein the surface vessel conprises a conmputer which nonitors a

di stance between the subsea m ner and the punp nodule, the surface
vessel being adapted to respond to the conputer and adjust the

di stance between the subsea mner and the punp nodule to within a
tolerance to mnimze a force on the subsea mner fromthe subsea
punp nodule. 14. The system of claim 13, wherein the solid conprises
a seaf | oors. masHiewysteml dficthém d@plasthér. compiiSing hharfsaesiuem tofdewhtar e $3id.
further conprising a surface punp to dewater the solid. 16. The
system of claim 13, wherein a quantity of wastewater is discharged
near to the sepdd 9Qkm of bihim 1HEwRYSHAGuBHrcG bRl idPateB &lsBdigdd R aPld
nodul e conpri ses a subsea nodul e | ocated near to the seafl dor. 18.
The syst efieadallepmi m 13, wherein an inner diameter of the junper is
smal | er than an inner of diameter of the riser. 19. The system of
claim 13, wherein a dunp valve assenbly is coupled to the punp

nodul e. P0. The syysineificaimdB avherdif thehetpemndilb eopiiqes ¥ ahbsea awdalebl y
is adapted to, be renotely opened. 21. The system of claim 20,
further ?8ﬁﬁ?1@?ﬁ5)££§ﬁ%@8% renotely operated vehicle (ROV), a punp
power pack, or a conbination thereof coupled to the dunp val ve
assenbly. 22. The systemof claim 13, further conprising one or nore
wat er i nj et i obhelsystem odglapndad, wieraih apwnneheiamgten of thy whparassnealigr Bent o

fl ow t hergt. a8 8] one or nore injection lines are piggy
backed to lﬁégﬁgggr s?grg%fEQES. The system of claim 22, wherein the

wastewater at |east partially powers a conpression chanber of the
pwmrmd%&.

The system of claim 13, wherein a dump valve assembly is coupled to the pump

module.

20.  The system of claim 19, wherein the dump valve assembly is adapted to be

remotely opened.

21.  The system of claim 20, further comprising a subsea remotely operated vehicle
(ROV), a pump power pack, or a combination thereof coupled to the dump valve

assembly.
22.  The system of claim 13, further comprising one or more water injection lines
adapted to allow the quantity of wastewater to flow therethrough, wherein the one or

more injection lines are piggy backed to the riser system.

23.  The system of claim 22, wherein the wastewater at least partially powers a

compression chamber of the pump module.

24. A method of deploying a deep sea mining system, comprising:

stacking a riser hangoff structure above a subsea pump module;
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24. A nethod of deploying a deep sea mning system conprising:
stacking a riser hangoff structure above a subsea punp nodul e;

pi cking up the riser hang off structure and the subsea punp nodul e by
a hangi ng nechani sm hangi ng the riser hangoff structure and the
subsea punp nodul e on a noon pool; attaching a first riser joint;
separating the riser hangoff structure fromthe subsea punp nodul e by
an increased distiagoetheaispaliaad ofist@ctdiesindnibesubedapmerp hbdule bgehanging
hangoff strycture and the subsea punp nodul e when hung on the noon
pool ; andnS#F5§ﬂ¥ng at | east one second riser joint to forma riser.

hanging the riser hangoff structure and the subsea pump module on a moon pool;

attaching a first riser joint;

separating the riser hangoff structure from the subsea pump module by an
increased distance compared to a distance between the riser hangoff structure and the
subsea pump module when hung on the moon pool; and

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