DESCRIPTION BUBBLE LIFT SYSTEM AND BUBBLE LIFT METHOD TECHNICAL FIELD [00011
The present invention relates to a bubble lift system and a bubble lift method for lifting a solid
substance or a liquid substance such as sand, sediments, or minerals on a deep water bottom such as
a sea bottom, a lake bottom or a river bottom, or in the ground further below the water bottom to a
place above the water surface. BACKGROUND ART [ 0002] The gas lift technique has been
widely used in crude oil production in order to efficiently lift a heavy oil, which is slightly lighter in
weight tha%gge\g@%hg m a submarine oil field having a low natural flow pressure. In this technique,
a gas having a small and relatively negligible mass is injected into a liquid inside a riser pipe to reduce
the pressureipEaliqudxdlunaliasideine pipeshyan ariowt tarresponding to the volume ratio of the
gas, and thereby a pushing force by a pressure of the sea water outside the riser pipe or a reservoir
pressure i%&#ﬁé atthétoer end portion of the riser pipe. It is confirmed that the bubble lift
(including pip it or gas lift) technique is effectively usable even for a mineral or the like having a high

specific gravity when the mineral is formed into slurry by being finely crushed and mixed with seawater
or the like. The present invention relates to a bubble 1ift system and

a bubble 1ift method for 1ifting a solid substance or a liguid
substance such as sand, sediments, or minerals on a deep water
bottom such as & sea bottom, a lake bottom or a river bottom,
or in the ground further below the water bottom to a place above
the water surface.

BACKGROUND ART

[ 000Z]

The gas 1lift techniqgue has been widely used in crude oil
production in order to efficiently lift a heavy oil, which is
slightly lighter in weight than seawater, from a submarine oil
field having a low natural flow pressure. In this technigue,
a gas having a small and relatively negligible mass is injectead
into a liguid inside a riser pipe to reduce the pressure of a
‘liquid.colunm.inside the pipe by an amount corresponding to the
volume ratioof the gas, and thereby apushing force by a pressure
of the sea water outside the riser pipe or a reservoir pressure
is generated at the lower end portion of the riser pipe. It
is confirmed that the bubble 1ift {(including air 1ift or gas
1ift) technique is effectively usable even for a mineral or the
like having a high specific gravity when the mineral is formed
into slurry by being finely crushed and mixed with seawater or
the like,

[ 00023]
As an example of this type, as described in Japanese Patent

Application Publication No, 2005-281171, a bubble jet type air

[



[0003] lift pump or the like has been proposed to aim at an efficient apparatus which is capable of
removing sediments such as earth, sand and sludge settled and compressed on the bottom of sea, a
lake, a dam or a liquid storage tank, and achieves high liquid pumping performance. And a bubble jet
type air lift pump including an air lift riser (riser pipe) through the inside of which water and air rise, and
a bubble jet generator provided at a bottom portion of the air lift riser and configured to jet out water
mixed with bubbles are proposed. (0004] In the case of slurry, earth, sand, sludge, or the like

(hereinatter splleciysly seferead 1o gg St} baving.& much et specifcgray than e

surrounding liquid (seawater or water), unless a considerable volume of bubbles is injected, the
average speggific-gravitywofithe fluidomidioe=ob the shurryiandthe gasrin theyipescarot e, reduced to

or below thSea%pecitil%gg%vitg oé tgg §g£rggng§1n§ li uid.rlg Sthlg ase, an u%vgj%rg f#l)w annot be
generated nsi e The rise}lpi%e, and consequent?y e pushing fotce duetd a Bres%urg’ﬁﬁf’erence

between the inside and #he outside eannot be-geperatatkat hedoweriend: portieof thasriser pipe.
[0005] On the other hand, as a fluid mixture including slurry and bubbles injected into the riser

pipe at a deBBFAter reGion dran iternidfiateddeptit Water égiort ¥iBés toiard Alshalditvater region,

the bubbles,inarease in yalyme alorg with g reguction-in the.pressure.put-the liguid andgolid scarcely
increase in volume. Accordingly, the volume ratio of bubbles to the fluid mixture increases

acceleratirigly.As dFesult sastiel luidimixturegp proadhies theé eippes eptaiortion of tHeled

at a bottom portion of the air 1ift riser and configured to jet
out water mixed with bubbles are proposed.
[ 0004]

In the case of slurry, earth, sand, sludge, or the like
{hereinafter ccocllectively referred to as slurry) having a much
higher specific gravity than the surrounding liquid (seawater
or water), unless a considerable volume of bubbles is injected,
the average specific gravity of the fluid mixture of the slurry
and the gas in the pipe cannot be reduced to or below the specific
gravity of the surrounding ligquid. In this case, an upward flow
cannot be generated inside the riser pipe, and consequently the
pushing force due to a pressure difference between the inside
and the outside cannot be generated at the lower end portion
of the riser pipe.

[ 00035]

On the other hand, as a fluid mixture including slurry
and bubbles injected into the riser pipe at a deep water region
or an intermediate~depth water region rises toward a shallow
water region, the bubbles increase in volume along with a
reduction in the pressure, but the liquid and solid scarcely
increase in volume. Accordingly, the volume ratio of bubbles
to the fluid mixture increases acceleratingly. As a result,

as the fluid mixture approaches the upper end portion of the



riser pipe, there arise problems, for example, that the flow velocity of the upward flow becomes
excessively high; and a volume ratio of a to-be-lifted substance to the fluid mixture decreases relative
to the rest of the mixture, which accordingly lowers the lifting efficiency, or in the worst case, make it
impossible to lift the to-be-lifted substance at all. These problems are caused because a relation
between the bubble volume and the water depth is a substantially inversely-proportional relation, and
become more prominent as the water depth where the to-be-lifted substance exists becomes greater.
Meamahile, J1 s githe vetieal osition Insidethe Nseping, isedyoblems egalirsempriably
when the bubbles rise to a shallow water region. [0006] For example, in the case of gas lift of
lifting a to-bedliftedisubstandedromeeseh bottemat @water eeptisof. 180 m,Hthebubbles injected into
the lower end portion_of the riser pipe.increase in volume only 10 times even at.the upper end portion
of the riser’| ﬁ?ﬁ%fﬂﬁoﬁvae%ﬁé% iR the %e%s%bgfwlgﬁr?g atobelied: gﬁbgt%ngé rém’a %ielé%}é%g}:neat a water

depth of 500048 :thesbubbles injeated-intortbe dower adportion ©f e iriserpipe Hacrease in volume
as much as 500 times at the upper end portion of the riser pipe. To be more specific, the volume of

bubbles injectéd 8t theSwatet depth 8 50005 GHeredses bnly By 2896 tinfifthe hdbbles rise to a water
depth of 4,00048thendnereases by imes ala water depth 9f 1,000.m, increases by S0.times at a

water depth of 100 m, and further increases by 500 times near the water surface. [00071 Here, an
estimationds Pfade o typicareaskastdiftiry aslifhyaRé avier Hiare seawsterwinder & esndition where

the flow voilﬁrget%f b%bclg@%g eﬁqlly.set ig con ig rtatigﬂlof erosion or-the like, to a volume at which
that the flow velocﬁy at the upp%r 'en]dsofa theuﬁ)sser |§pel may not g)?crese%lfo %%C/Cs)g(? %rl g%agr}]ple, even
when only seawatemis sucked<lndhis cases sturomonly:stightly heavies by:severalipercentages than the

surroundin segwg%er_cgn#ae gteq if a ratio of the buhbles to the fluid mixture at the, u_pger end inside
the riser pigzée(h"eorel Rifter refaret to°as A BubBie Tafio) i S8itroiéd af §6% of BEIOW' 10608] In
addition, in the- ease; of liftingeslyery frony the sea botam ata mater depth-af 3,000 mundes the same
conditions, it is possible to lift only slurry heavier by at most about 20 percent than the seawater. For
this reasor® iR'ot@815toAFCA ikErat bF the ke Aaling e highrdperificigrabity Ca Fatid' O d€aivater to the
slurry needls,iq.be kept;af.a level at which the specific gravity of the slurry is 1.2 or less, whereas the
slurry is stuck when a'ratio of minerals contained becomes large. However, it is generally difficult to
control a mikigadatio in such deep sea.

For example, 1in the case of gas 1ift of lifting a
to~-be-lifted substance from a sea bottom at a water depth of
160 m, the bubbles inijected intoc the lower end portion of the
riser pipe increase in volume only 10 times even at the upper
end portion of the riser pipe. However, in the case of lifting
a to-be-lifted substance from a sea bottom at a water depth of
5,000 m, the bubbles injected into the lower end portion of the
riser pipe increase in volume as much as 500 times at the upper
end portion of the riser pipe. To be more specific, the volume
of bubkbles injected at the water depth of 53,000 m increases only
by 25% until the bubbles rise to a water depth of 4,000 m, then
increases by b times at a water depth of 1,000 m, increases by
50 times at a water depth of 100 m, and further increases by
500 times near the water surface.

[ G007}

Here, an estimation is made for a typical case of 1ifting



[ 0009] In summary, the bubble lift in the conventional technique cannot inject bubbles in an
amount necessary to lift a substance having higher specific gravity than the surrounding seawater or
the like in a deep water region. This is because, as the bubbles injected on the lower side of the riser
pipe rise toward a vicinity of the upper end of the riser pipe, the volume of bubbles increases in
substantially inverse proportion to the water depth. Hence, the conventional bubble lift has drawback in
that the bubble lift does not work at all or is very inefficient even if it words. PRIOR ART DOCUMENT
SOAJSEZNng?S?lCUMEh LQOlM Eag%ntsgg%u ent 1%m\(]jaepanese k) 5{15 ggph% e’[%:og @Iéaifg%%licatlon No.

volume of bubbles is fixedly set, in consideration of erosion

or the like, to a volume at which that the flow velocity at the

upper end of the riser pipe may not exceed 10 m/sec, for example,

even when only seawater 1s sucked. 1In this case, slurry only

slightly heavier by several percentages than the surrounding

seawater can be lifted if a ratioc of the bubbles to the fluid

mixture at the upper end inside the riser pipe (hersinafter

referred to as a bubble ratio) is controlled at 90% or below.

[ 0008]

In addition, in the case of lifting slurry from the sea

bottom at a water depth of 1,000 m under the same conditions,

it is possible to lift only slurry heavier by at most about 20

percent than the seawater. For this reason, in order to 1lift

a mineral or the like having a high specific gravity, a ratio

of seawater to the slurry needs to be kept at a level at which

the specific gravity of the slurry is 1.Z or less, whereas the

slurry is stuck when a ratio of minerals contained becomes large.

However, 1t is generally difficult to contrcl a mixing ratio

in such deep sea.

[ 0009

In summary, the bubble 1ift in the conventional technigue

cannot inject bubbles in an amount necessary to 1ift a substance

having higher specific gravity than the surrounding seawater

or the like in a deep water region. This is because, as the

bubbles injected on the lower side of the riser pipe rise toward

a vicinity of the upper end of the riser pipe, the volume of

bubbles increases in substantially inverse proportion to the

water depth. Hence, the conventional bubble 1ift has drawback

in that the bubble 1lift deoes not work at all or is very



SUMMARY OF THE INVENTION PROBLEM TO BE SOLVED BY THE INVENTION [0011] The
present invention has been made in consideration of the foregoing circumstances, and has an
objective to provide a bubble lift system and a bubble lift method which are efficient and employable
even in a deep water region in such a way that an upper end of a riser pipe is not opened to the
atmosphere but inserted in the inside of a pressurized chamber under a high pressure to thereby
prevent expansion of bubbles and gas, and that a deaerator for discharging bubbles separated by a
centrifugal ,forcggs also grovided ipfa r}:ﬂnii_ﬂdqn!gggrtion of the riser pipe in a shallow water region to

thereby make the bubbles distributed moré eve%[y. [0012] More specifically, the objective is to

provide a bubble litrsysternt amdwarbubble lift method for bubble lift of a target subject in the form of
slurry or thg like havin%a higher average specific gravity than surrounding seawater or the like from a
deep watef f&gidn. IthE'Htmble lift, even though bubbles are injected into the riser pipe in the deep
water region, @f ap intermediate-depth water region in a volume effective at reducing the average
pressure of a liquid column inside the riser pipe, the system and method are capable of preventing the
volume of Babbes in axkialiewtwater: regitirfromaAcreasingto anaxeéessivélychigh Babislé ratio such
. ) o L

as a ratio ﬁcgfg&n %%ﬁ) I(%_ex%brgg,zcgflﬂﬂgi/olume of the fluid mixture. Her_e, th_e shallow water
region is, for example, the uppermost portion of about one-tenth of the riser pipe; in other words, in the
case of a watgrizleptoaf I,900 T theTppermost portion of about 100 m, i.e., the portion from 100 m
below the water surface to the vicini'%\{ of the water surface.

PROBLEM TO BE SOLVED BY THE INVENTION

Foc11)

The present invention has been made in consideration of

the foregoing circumstances, and has an objective to provide

a bubble 1ift systemand a bubble 1ift method which are efficient

and employable even in a deep water region in such a way that

an upper end ¢f a riser pipe is not opened to the atmosphere

but inserted in the inside of a pressurized chamber under a

high pressure to thereby prevent expansion of bubbles and gas,

and that a deaerator for discharging bubbles separated by a

centrifugal force is also provided in a middle portion of the

riser pipe in a shallow water region to thereby make the bubbles

distributed more evenly.

[ 0012]

Meore spaecifically, the objective is to provide a bubble

1ift system and a bubble 1lift method for bubble 1ift of a target

subiject in the formof slurry or the like having a higher average

specific gravity than surrounding seawater or the like from a

deep water region. In the bubble 1ift, even though bubbles are

injected inte the riser pipe in the deep water region or an

intermediate-depth water region in a volume effective at

reducing the average pressure of a liguid column inside the

riser pipe, the system and method are capable of preventing the



[ 0013] In addition, another objective is to provide a bubble lift system and a bubble lift method
which are applicable for use to continuously lift slurry containing a mixture of seawater and mud with
various particle sizes, a mineral crushed in pebble-level size, or the like. For this purpose, the system
and method prevent the flow velocity from increasing to a level that may cause a problem of erosion
even though the specific gravity of slurry decreases to the same level as seawater due to a reduction
in a concentration of a solid in the slurry, or in contrast, the system and method prevent the slurry from

being stuck even though specific grayity.of the slurry increases close to that of the simple solid. [
0oL ECHHAT, S A Sl b i R DUe T it 210 BUBbRS i method in

‘which, for handlng such slupry,iaslursy-Bysien i a risefpipe or adeceiing-apparaius does not need
to be equi%oed with a rotating_machinery or instrument, a_shut-off valve, a pressure regulation valve, a

throttle valv&arf difige Br tHeflike Whith 1S RighREIIKERF to bEds& mdifihetion Hiietto ddifiage,
breakage, galling.iamming ordhe dke; MEANSEQRSQLVING THEPROBLEM[QQISL,+ A bubble

lift system of the present invention to achieve the above objectives is a bubble lift system for lifting a
solid substapes orditfeid Stbstante o aliater HotofT ot Lneler fie Watershotioni-thtoGgh @ riser pipe

to a vicinity, pf 2 yater,sufacs, the hubhle i sysiemconfigured (0sinjact2 ggs.nia g loygr side
portion of the riser pipe to cause the gas in a bubble form to rise; and, by making use of an effect that
the bubbles prodeace byhreducirigithe pressuid 0f a thuid columa msidetheviséauiper sucka to-be-lifted
substance at a.lower end partion of the riserjpipe and lift the to-be-lifted substance to a place above
the water Surfade i’ thoe“b&%ﬁe"ﬁﬁts?sfte?ﬁra SFees'surized chamber is provided at an upper end portion
of the riser pipe;zand the pressurized chamber applies a pressure to an upper portion inside the riser

pipe to thereby suppress an increase in a volume ratio of the bubbles to a fluid mixture rising inside the
rBermpe"]ashmﬁwﬁwgﬁﬁ%&ﬁmﬂnotherobjectlve15'Daprovideeibubblelift

system and a bubble l1ift method which are applicable for use
to continuousliy lift slurry containing a mixture of seawater
and mud with wvaricus particle sizes, a mineral crushed in
pebble~level size, or the like. For this purpose, the system
and method prevent the flow veloclty from increasing to a level
that may cause a problem of erosion even though the specific
gravity of slurry decreases to the same level as seawater due
to a reducticn in a concentration of a solid in the slurry, or
in contrast, the system and method prevent the slurry from being
stuck even though the specific gravity of the slurry increases
close to that of the simple solid.

[ 0014]

Further, still another objective is to provide a bubble
1ift system and a bubble 1ift method in which, for handling such
slurry, & slurry system in a riser pipe or a receiving apparatus
does not need to be eguipped with a rotating machinery or
instrument, a shut-off valve, a pressure regulation valve, a
threottle valve, an orifice or the like which ig highly likely
to become malfunction due to damage, breakage, galling, jamming

or the like.



[ 0016] In this configuration, the upper end portion of the riser pipe is not opened under the
atmospheric pressure, but is inserted and is opened in the pressurized chamber whose inside is under
an increased pressure. In bubble lift of lifting slurry having 1.5 times the specific gravity from a sea
bottom at a water depth of 5,000 m, for example, the inside of the pressurized chamber is set under an
increased pressure of about 20 atmospheres, which is equivalent to the hydraulic pressure at a water
depth of 200 m that is 1/25 of 5,000 m. With this setting, the volume of bubbles injected at the lower

end portio%gm-%e @%%ﬁ @Bi%ﬁaﬁ%o@xﬁlﬁqﬂm% near the upper end of the riser pipe, and thus
sion of bub e

the expan es can be suppressed remarkably as compared with 500 times in the case
where the[uppétend of the riser pipe is opened under the atmospheric pressure. [0017] Note that,
in this case, 200 m below the uE ger end of the riser§ipe, the pressure inside the riser pipe is about 25

atmospheres, where&5 the Rydraulicpressire butdifiethe H3Br pipe’ & abiouft 26°affiddphetes. Such a

phenomeneondnwhich Hie;pressueesinside thedises pipeibecomes, higher thanithe Rysraulic pressure
outside the riser pipe in a shallow waterregion cannot occur without the presence of the pressurized

chamber. FOFEB}2R CMbFeover tHeé reSsiizetrelidmBel 8art have aftfictich agdseparator to
separate a,gas.from slurry includiog a forbedified substance hy, centrifugal separatiop using the flow

velocity of the fluid, gravity separation or the like. In this case, also, the separated gas can be sent to a
compressdrivhitebeing stilf compréessed without:expahsionianderithe gtnsospherie pressure, and then
be reused gfégep%orn%groer?seeg %Eg%glsjg?leplli%e To cause the gas in a bubble form

torise; and, bvmaking use of an effect that the bubbles produce

by reducing the pressure of a fluid column inside the rise pipe,

suck a to-be-lifted substance at a lower endportion of the riser

pipe and 1ift the to-be-lifted substance to a place above the

water surface. Inthebubble lift system, apressurized chamber

is provided at an upper end porticn of the riser pipe, and the

pressurized chamber applies a pressure Lo an upper portion

inside the riser pipe to thereby suppress an increase in a volume

ratio of the bubbles to a fluid mixture rising inside the riser

pipe in a shallow water region.

[ 001¢]

In this configuration, the upper end portion of the riser
pipe 1s not opened under the atmospheric pressure, but is
inserted and is opened in the pressurized chamber whose inside
is under an increased pressure. In bubble 1ift of lifting
slurry having 1.5 times the specific gravity from a sea bottom
at a water depth of 5,000 m, for example, the inside of the
pressurized chamber is set under an increased pressure of about
20 atmospheres, which is equivalent to the hydraulic pressure
at a water depth of 200 m that is 1/25 of 5,000 m. With this
setting, the volume of bubbles injected at the lower end portion

of the riser pipe increases only by 25 times near the upper end



[0019] In addition, the foregoing bubble lift system is further provided with a deaerator in a middle
portion of the riser pipe near the upper end portion. The deaerator is configured to swirl the fluid
mixture inside the riser pipe, gather the bubbles and the gas in the fluid mixture towards the swirl axis
by a centrifugal effect, and to discharge the bubble and the gas from the swirl axis to the outside of the
riser pipe. [ 0020] In this configuration, the deaerator is provided, for example, at an appropriate
location at a water depth of around 200 m. In this case, the fluid mixture rising together with bubbles
inside the riser pipe is led into a spiral flow and thus is swirled by a snail shape portion (volute portion).

Then, the BlbBigs ahd Ihé gasire gatifered 1Gwarts &£ 8nArExis partby 4 CBhfifugt Separation effect

of a centrifugalfesce; pushing the shirry centaining thestozheifted substance;in the fuid; mixture toward
the outer wall, and the excessive bubbles and gas are discharged to the outside of the riser pipe from

a ventilatiof'ipé (Vett piie) drisetted if thets\wirl akisepart 1R ¢his vayPthiesghsWolgie €af be reduced
at this Watgrtgl%glghgkgrgeﬁyéastgtﬁggid mixture after bubble reduction can be efficiently lifted in a
portion above the deaerator, the slurry and the bubbles in the fluid mixture are mixed well with each
other by statdrivéines or the like provided inside the pipe. [ 0021] The deaerators of the present

invention may be &rogiget to twa or mare Iocationg %diﬁgree twa%r depths and ma e%ch perform

deaeration (vent) inasma av%iur%%. ith tﬁ%sceo’nflguraﬁon, L e tice o%%uploe By%ubbles can

be made unifeem frompthe deep water segion ta theishallow wates regiop=Accordinglys thesflow velocity
of the fluid is made more uniform, and the fluid lifting efficiency can be maximized. [ 0022] In

addition, i fHEfOFEGTIRG bubbie fite Systetn Ran BpBhicdticiF fredefe BRihe prestifizEd thamber is set
within such, apreset pressure @a%%méﬁ@ﬂe@ctiOﬁaf&kurgep@féh%rg@éawef}ﬁ%ﬂ%mwer side
portion of the riser pipe has no need to be controlled dynamically according to a sucking

pressure inside the riser pipe becomes higher than the hvdraulic

pressure cutside the riser pipe in a shallow water region cannot

occur without the presence of the pressurized chamber.

[ 0C18]

Moreover, the pressurized chamber can have a functicn as
& separator to separate a gas from siurry including a
to-be-lifted substance by centrifugal separation using the flow
velocity of the fluid, gravity separation or the like. In this
case, also, the separated gas can be sent to a compressor while
being still compressed without expansiocn under the atmospheric
pressure, and then be reused as the compressed air for bubble
life.

[0019]

In addition, the foregoing bubble 1ift system is further
provided with a deaerator in a middle portion of the riser pipe
near the upper end portion. The deaerator is configured to
swirl the fluid mixture inside the riser pipe, gather the
bubbles and the gas in the fluid mixture towards the swirl axis
by a centrifugal effect, and to discharge the bubble and the
gas from the swirl axis to the ocutside of the riser pipe.

[ 0020]



condition, that a flow velocity of the fluid mixture is kept within a predetermined range even when only
surrounding water is sucked, and that even when only a to-be-lifted substance is sucked, a design
upper limit of specific gravity is still higher than the specific gravity of the sucked substance. [0023]
This configuration enables efficient lifting of a to-be-lifted substance only by: setting the application
pressure of the pressurized chamber within the pressure range preset by previous computing
simulation or the like in consideration of a lifting depth, the specific gravity of the to-be-lifted substance,
and the like; and then adjusting the application pressure of the pressurized chamber to be within the

pressure range. [0024] 151 2dditign Ghb foregolfiFb GIiHiE fitt systehs iSEsHiibafed to"adjust the
pressure of the.pressuized-chamberto: 1/60 to /3 heth inclusiye..er.more preferably. 1/30 to 1/10,

both inclusive, of the hydraulic pressure of the lower end portion of the riser pipe. If this pressure is
lower than<lJ80Tthe Babtile 3@l suppféssion effeatiy-thepressurized-cluEmberisisbtdmall that the

provision of {ig pressrlzed.copmiar brings po advantgas atall LyGomias fihe pressyre is larger

than 1/3, the pressurized chamber needs to have high pressure reSistance, so that the pressurized

chamber shouldmmegttheclighers pedperphrguinement cbout canhot berexpected)to iniprowve its lifting
er limit to 1/10, the pressure resistance required

performanc anymor . In addjtion, by setting the u mi t ,
for the pregsﬁnzéﬁ% Smbar tan be %’?fd(?fo Sthe g}égf@lﬁé}gﬁlﬁg\%tﬁssc h'be Made E6mpact as a
whole, andsufficientlifting: pesformance-ean be achieved by Bsing adeaeration:system tegether as
needed. pushing the slurry containing the to-be-lifted substance in the
fluid mixture toward the outer wall, and the excessive bubblas
and.gas are discharged to the outside of the riser pipe from
a ventilation pipe {(vent pipe) inserted in the swirl axis part.
In this way, the gas volume can be reduced at this water depth.
In order that the fluid mixture after bubble reduction can be
efficiently lifted in a portion above the deaerator, the slurry
and the bubbles in the fluld mixture are mixed well with each
other by stator vanes or the like provided inside the pipe.
{ 0021]

The deaerators of the present invention may be provided
to two or more locations at different water depths and may each
perform deaeration (vent) in a small volume. With this
configuration, the volume ratic occupied by bubbles can be made
uniform from the deep water region to the shallow water region.
Accordingly, the flowvelocity of the fiuid 18 made more uniform,
and the fluid lifting efficiency can be maximized.

[ 0022]

In addition, in the foregoing bubble 1lift system, an
application pressure of the pressurized chamber 1s set within
such a preset pressure range that an injection volume of the
gas injected into the lower side portion of the rizer pipe has

no need to be contrelled dynamically according to a sucking



[0025] Further, the foregoing bubble lift system is configured to recycle the gas separated in the
pressurized chamber to a compressor while being still compressed, to compress the gas again in the
compressor and then to send the gas to the lower side of the riser pipe. This configuration can save
the energy necessary for compression. [ 0026] Moreover, in the foregoing bubble lift system, a
single-stage or multi-stage (or two or more stages) upward flow weir, each stage of which includes a
pressure container and a slurry pipe, is provided downstream of the pressurized chamber in order to
keep the pressure of the pressurized chamber within a design range, and each stage of the upward

flow weir KeBPE e Pressuré bf & dobiistiean Sidelofthe Shimy pibe withinta breset piésdure range (a

design range) hy controling.the pressure of-a gaseaus paLion in the, PressUrR:coRfaNae _
encompassing an upper end of the slurry pipe. [0027] The slurry accumulated in a lower portion of

the pressufizetiichamberispuished 6uEDy the pressuresinsitieothelpréssutized ehamber and flows
upward in%'q%ﬁé%slurrgéaggaﬁrgéﬁgg ﬂm&dggi%%g Pﬁscs%rre ac%]oingainesr on *sﬂiei qlc)lwrl;lség:eam side.
While flowing upward inside this sfurry pipe, the slutry loses a pressur% be an émountgcorresponding to
the columrcand acoerdimgly iscdecampressgd oThe pressure: nsidesthetpressure container containing
the slurryfiggggfrein is kept lower by a certain degree than the pressure inside the pressurized
chamber so'as’to be in substantially equilibrium with the pressure of the decompressed slurry.

This configuration enables efficlent lifting of a
to-be-lifted substance only by: setting the application
pressure of the pressurized chamber within the pressure range
preset by previous computing simulation or the like in
consideration of a 1ifting depth, the specific gravity of the
to-be-lifted substance, and the like; and then adjusting the
application pressure of the pressurized chamber to be within
the pressure range.

[ 00241

In addition, the foregoing bubble 1ift system is
configured to adjust the pressure of the pressurized chamber
to 1/50 to 1/3, both inclusive, or more preferably 1/50 to 1/10,
both inclusive, of the hydraulic pressure of the lower end
portion of the riser pipe. If this pressure is lower than 1/50,
the bubble volume suppression effect by the pressurized chamber
is so small that the provision of the pressurized chamber brings
no advantage at all., In contrast, if the pressure is larger
than 1/3, the pressurized chamber needs to have high pressure
resistance, so that the pressurized chamber should meet the
higher property requirement, but cannot be expected to improve
its 1ifting performance any more. In addition, by setting the
upper limit to 1/10, the pressure resistance required for the
pressurized chamber can be made low, the receiving apparatus

can be made compact as a whole, and sufficient lifting
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[0028] After flowing upward in the slurry pipe of the upward flow weir, the slurry falls down into the
corresponding pressure container, and the slurry accumulated in the bottom portion of the pressure
container is pushed out to another pressure container including the next slurry pipe on the downstream
side. By repeating this, the pressure of the slurry is reduced to the atmospheric pressure eventually. In
the present invention, a slurry system in the riser pipe or a receiving apparatus does not need to be
provided with a rotating machinery or instrument, ashut-offvalve, a pressure regulation valve, a throttle
valve, an orifice or the like which is highly likely to become malfunction due to damage, breakage,

galling, jarifming 6P fHE ke Gifthe Above Process. (582915 1N MatedVerihiid fore§oifiG Blbble lift

system, a egrpmunication pipe threugh which the gaseous portion of the pressure container of the
upward flow weir and an upper portion of a U seal communicate with each other is provided, and the
single-stage’8multi-stage U seal using the pressures by liquid columns controls the pressures of the

gaseous portions gfibe pressuie containers. Wit s confiopgation. the operaling pressute of each of
the pressure containers incliiding the slurry pipes in the upward 8w Weir can be egtuby controlling
the gas préssure of the: préssure sontairera The controh ef thecgasipressdre-tambermade by a

pressure rg%ulation valve %rityg IEI)(e provided.in thegaseous portion, but mag/ be made by a

Taving stages of & ntifbar toreSPORdiRG T6 the ndmbeFf tigss 6t #upward flow

multi-stage seal aving sfége

weir and usingitheipresaurescafihe diguid celumns: T he-use atithenmultizstage Urseal snakes it possible
to avoid a trouble which the pressure regulation valve or the like would otherwise have due to sand,
dirt and thé fik& RinglikefbgSfoPdkample. 1 oo301 £ LuTha téreycing configurafioR’féduces an effect

of enabling, maintepance-free coptinuaus gperation because the operating pressure can be kept within
the design range, even when the specific gravity of slurry varies more or less, without needing a

rotating maéhinédy or instrument, a shut-off valve, a pressure regulation valve, a throttle valve, an
orifice or the like, which s biohly fikely tp beqome malfunction due to clogging caused by damage,
breakage, galling, jamming or the fike in & slurry sgstemi Y
single-stage or multi-stage (or two or more stages) upward flow
welr, each stage of which includes a pressure container and a
slurry pipe, is provided downstream of the pressurized chamber
in crder to keep the pressure of the pressurized chamber within
a design range, and each stage of the upward flow weir keeps
the pressure of a downstream side of the slurry pipe within a
preset pressure range (a design range) by controlling the
pressure of a gaseous portion in the pressure contalner
encompassing an upper end of the slurry pipe.
[ 0027)

The slurry accumulated in a lower porticon of the
pressurized chamber is pushed out by the pressure inside the
pressurized chamber and flows upward inside the slurry pipe
provided in the dedicated pressure container on the downstrean
side. While fleowing upward inside this slurry pipe, the slurry
loses a pressure by an amcount corresponding to the column and
accordingly is decompressed. The pressure inside the pressure
container containing the slurry pipe therein is kept lower by

a certain degree than the pressure inside the pressurized



[ 0031] Hence, in the case of lifting a solid such as sand, sediment, or mineral from a deep sea
bottom, a deep lake bottom, a deep river bottom or the ground below them, the foregoing configuration
does not need the control of a mixing ratio of solid and seawater in slurry, which is generally
considered difficult, and is capable of coping with ever-changing conditions in the size or hardness of
particles of the solid contained in the slurry, the specific gravity of the slurry, and the like. [ 0032]
There is a demand for an ideal ability to lift a fluid mixture with the injection volume of bubbles set to a
fixed volume, by controlling the flow velocity at the upper end of the riser piper within a design

maximum fi focity Bvan when Pnly SeawatsF i'duckedY aritfby péientifig the fluidtfixture from

being stuck (stopping risingl-even-whep only-the solid.is sucked. [ 0033] According to the present
invention, the pressure of the chamber stops an increase in the flow velocity, before a pressure loss

that is substantidlly proportional to a square of the flow velocity becomes excessive. Hence, even

when slurry ighter, a0 the,design, specific ravity,s sucked, e flow velpelty does nasigrease

excessively. For example, in the It of lifting a solid having two or mor e specific

gravity of seawater-ata wiaterrdepth bf 5,000vm, continudus operatem can becpracticallycarried out
with the injecti%n volume of buhbles set to a fixed vo#Jme ven thl‘OLé?h the concentration of the

seawater in the Sty Beddmes T00% or'everr oy at%%%& cetitration 6PRESSiid thelslurry

becomes H¥%.pressure container is pushed out to another pressure
container including the next slurry pipe on the downstream side.
By repeating this, the pressure of the slurry is reduced to the
atmospheric pressure eventually. In the present invention, a
slurry system in the riser pipe or a receiving apparatus does
not need teo be provided with a rotating machinery or instrument,
a shut-off valve, a pressure regulation valve, a throttle valve,
an orifice or the like which is highly 1likely to become
malfunction due to damage, breakage, galling, Jamming or the
iike in the above process.
[ 0029]

Moreover, 1n the foregoing bubble 1ift system, a
communicaticn pipe through which the gaseocus portion of the
pressure container of the upward flow weir and an upper portion
of & U seal communicate with each other is provided, and the
single-stage or multi-stage Useal using the pressures by liquid
columns controls the pressures of the gaseous portions of the
pressure contailners. With this configuration, the operating
pressure of each of the pressure containers including the slurry
pipes in the upward flow weir can be kept by controlling the
gas pressure of the pressure container. The control of the gas
pressure can be made by a pressure regulation valve or the like
provided in the gaseous portion, but may be made by amulti-stage

seal having stages of a number corresponding to the number of
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[ 0034] Moreover, in the foregoing bubble lift system, the bubbles or gas discharged to the outside
of the riser pipe by the deaerator is recycled into the inside of the pressurized chamber through a
vented air conveyor pipe connected to the ventilation pipe. This configuration can save the energy
necessary for compression by circulating the discharged gas together with the gas separated in the
pressurized chamber to the compressor without the discharged gas expanded to the atmospheric
pressure, and by reusing the gas as bubbles for bubble lift. [0035] In addition, in the foregoing bubble
lift system, a multi-stage compressor is used to compress the gas separated in the pressurized

chamber ahti8 $endthe Gas i e olve? Sideoftid Hs&Spipe dgiin, i tHeBibblés Biyas

discharged to-the-putside.of she riser pipefrom the yentilation pipein the deaeratar s fegycled through
a vented air conveyor pipe connected to the ventilation pipe to a stage in the multi-stage compressor
having a hifhe? pPessiire #vamnithat for thé fasrrdmithe sressusized ehzmivera tThis configaration can

futher save fhe eneray. neceseary fqrcomatession by grulatiog the discharged gas keptunder high

pressure to the compressor and by reusing the gas as bubbles for bubble
foregoing Buhble ift systent isycorffigureck eoptiel the vent volume above the water surface by providing
the vented[m?}r?%%nveyor pipe with a pressure regulation valve, a throttle valve, an orifice or the like

ater

above the éurface. [ 0037]
The foregoing ceonfiguration produces an effect of

enabling maintenance~free continuous operation because the
operating pressure can be kept within the design range, even
when the specific gravity of slurry varies more or less, without
needing a roteting machinery or instrument, a shut-off valve,
a pressure regulation valve, a throttle valve, an orifice or
the like, which is highly likely to become malfunction due to
clogging caused by damage, breakage, galling, jamming or the
like in a slurry system.

[ 0031]

Hence, in the case of lifting a solid such as sand,
sediment, or mineral from a deep sea bottom, a deep lake bottom,
a deep river bettom or the ground below them, the foregoing
configuration doces not need the control of a mixing ratio of
solid and seawater in slurry, which is generally considered
difficult, and is capable of coping with ever-changing
conditions in the size or hardness of particles of the solid
contained in the slurry, the specific gravity of the slurry,
and the like.

[ 0032]

There 1s a demand for an ideal ability to lift a fiuid
mixture with the injection volume of bubbles set to a fixed
volume, by controlling the flcow velocity at the upper end of

the riser piper within a design maximum flow velocity even when

13



Still further, in the foregoing bubble lift system, the deaerator is provided in a shallow water region
where the pressure inside the riser pipe is made higher than the pressure outside the pipe due to the
effect by the pressurized chamber, and discharges the bubbles or gas to water outside the riser pipe
by using a pressure difference between the inside and the outside. In this case, the vented air
conveyor pipe extending from the deaerator to above the water surface can be omitted. Thus, the
system configuration can be simplified. [ 0038] Still furthermore, in the foregoing bubble lift
system, the deaerator is provided with a pressure relief valve at the ventilation pipe. The pressure
relief valve“acty irf fsspionze (o the predsuredifferonde Bemdeh thelingidé dhertheisutsige of the riser

pipe. Thus,the dgaergfotis configured 10 adiust the, pressure inside theriserpipe by;controlling the

vent volume with the pressure relief valve. In this corifiguration, the ventilation pipe of the deaerator is
provided withdhe pressure relief valve configured to open and close when the pressure difference
between tiLe i51§l%e and the outside of the riser pipe reaches a pressure of 5 atmospheres, for

9293 . g .
example, that'is ‘equivalent to an original level thereof. Even when more bubbles are injected from the
lower side portion at-therriset pipe, thecbubhles canihe-discharged-ata gepthswhere the deaerator
exists, before the volume of bubbles becomes excessive at the upper portion of the riser pipe, until the

pressure ditfstBHES is TEGECRdAD a'PresSfaor 5atnidSpheredihdtis ¥gtivilenP fo tieoriginal level.

[0039]  Jnoiherwords, the Qubbles ar gas.diseharged fram the deagrator-may be gyided through
the vented air conveyor pipe (vent-dedicated pipe) to above the water surface and released under the

atmospher‘fbfp?é%éﬁ@ﬁrvrépeﬁ%éﬁmﬁ&@oﬁr@ﬁn@f@%\@éé Préssurésinside ﬁfée@ré@mifé_dléﬁa’mber , or
may be guided tothe.compressor,and reused. nstead g&h%u%ﬁ;sggﬁgﬁ@gﬁ@%&wed to water

outside the riser pipe by making use of'a phenomenon’in whic e the riser pipe is
made higherthanithe hydraulicpressareeutsidethessipesthe phéromenempeing spedific:to the case

WhmetheBgﬁgng?iggag¥e£§%§5%$0gﬂgolid having two or more times the
specific gravity of seawater at a water depth of 5,000 m,
continuous operation can be practically carried out with the
injection volume of bubbles set to a fixed volume even through
the concentration of the seawater in the slurry becomes 100%
or even though the concentration of the solid in the slurry
becomes 100%.

[ 0034]

Moreover, 1in the foregoing bubble 1lift system, the
bubbles or gas discharged to the outside of the riser pipe by
the deaerator is recycled into the inside of the pressurized
chamber through a vented air conveyor pipe connected to the
ventilation pipe. This configuration can save the energy
necessary for compression by circulating the discharged gas
together with the gas separated in the pressurized chamber to
the compressor without the discharged gas expanded to the
atmospheric pressure, and by reusing the gas as bubbles for
bubble 1ift.

[ 0035]

In addition, in the foregoing bubble 1ift system, a

14



A bubble lift method of the present invention to achieve the above objectives is a bubble lift method
including: installing a riser pipe such that the riser pipe extends from a vicinity of a water surface down
to a water bottom or under the water bottom; injecting a gas in the form of bubble into a lower side of
the riser pipe to cause the bubbles to rise; and by making use of an effect that the bubbles produce by
reducing the pressure of a fluid column inside the riser pipe, sucking a to-be-lifted substance, collected
around a lower end of the riser pipe, into a lower end side of the riser pipe, and lifting a fluid mixture
containing the to-be-lifted substance to a receiving apparatus provided at an upper end of the riser

pipe. In thiSdthod, -4 Bre<sUizEd thambet profidet i tpssrend Boftioh SR8 Fisef Pipe applies

a pressure;tg anupperastion inside.therssr pipes(0041 . g This method capsupprgss.an increase
in the volume ratio of bubbles or gas to the fluid mixture near the upper end of the riser pipe. In

addition, by oRfy esnfrofling terprisstresipblication By théoprdssarized cambes withoaedynamic
control of t@g aé@%%‘éﬁ@@ﬂ@é“@? z%%ceorgkngetg t}rg]ue Sélcﬁi;”&ncg%dem%b he fgoglq glellocg é:a_gqbe
controlled within the design range even when o Iy seawater is suckec ﬁ%e sf)ecifi% ravity becomes
the minimumg olevenavhen oslyraseld havingeohigh specifictgravity is suckesly the speeific gravity of
the sucked substance can be controlled within a design upper limit of specific gravity. [0042] In
addition, in thetoregoing %l}b%bﬁevlﬁitnrtn]e oo FdBaBato? paro%aae%eohrérg%%pr%?%sfd"‘eméf héTiser pipe
performs degefationdey-remeoving parofthe bubbles or-gas imthe luidemixture, This metheod can

further suppress an increase in the
the pressurized chamber . This configuration can further save
the energy necessary £for compression by circulating the
discharged gas kept under high pressure to the compressor and
by reusing the gas as bubbles for hubble 1lift.
[ 003¢6]

Further, the foregecing bubble 1ift system is configured
control the vent volume above tThe water surface by providing
the vented air conveyor pipe with a pressure regulation valve,
a throttle valve, anorifice or the like above the water surface,
[ 0037

Still further, in the foregoing hubble lift system, the
deaerator is provided in a shallow water region where the
pressure inside the riser pipe is made higher than the pressure
outside the pipe due to the effect by the pressurized chamber,
and discharges the bubbles or gas toc water outside the riser
pipe by using a pressure difference betwesan the inside and the
outside. In this case, the vented air conveyor pipe extending
from the deaerator to above the water surface can be omitted.
Thus, the system configuration can be simplified.

[ 0038]

Still furthermore, in the foregoing bubble 1ift systemn,

the deaerator is provided with a pressure relief valve at the

ventilation pipe. The pressure relief valve acts in response
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volume ratio of bubbles or gas to the fluid mixture near the upper end of the riser pipe. EFFECTS OF
THE INVENTION [0043] According to the bubble lift system and the bubble lift method of the
present invention, a pressurized chamber is provided at an upper end portion of a riser pipe, whereby
in bubble lift in a deep water region at a water depth of 5,000 m, for example, an increase in the
volume ratio occupied by bubbles at the upper end portion of the riser pipe can be controlled within
several ten times, which is a practical level. In contrast, in the conventional technique, the bubble lift
under the same conditions is substantially impossible, because only a fluid slightly heavier by several

percentagéSthalT sBARART carfie fifted i fedlify ¥ theSotdme bt RbIES &t the-Gppr end portion

of the riser-pipeRecames as maich as 500 times{bevolume atthedower epdpertionof the riser pipe.
[0044] In this way, the bubble lift system can lift a to-be-lifted substance even in a deep water

region whiéh s @é@éﬁéé@sl}ﬁééﬁ@r t*_ﬁ%ﬁ iﬁ#f@éaééi@fﬁhékoﬁ\%}ﬁmlﬁé@hnm%, ard thus can lift a
target subsance haying,a.higher specific grayity. n addjtion, there,is QrBQF{%%%%Q gffect of enabling

efficient lifting by reducing a pressure loss that is substantially proportional to a'square of the flow

velocity. Fonexample; thethubbleliftef afluithkavirg more than. twaotinre s dkel specific glravity of

seawater at a water degtilof ,000.m is madg,possitge with practicalle( SLﬁffiCient erfor@?nce. [0045]
Moreover, By proviting deasrators to middie porions of © “PSt and close when the

pressure difference between the inside and the outside of the
riser plpe reaches a pressure of 5 atmospheres, for example,
that is equivalent to anoriginal ievel thereof. Even when more
bubbles are injected from the lower side portion of the riser
ripe, the bubbles can be discharged at a depth where the
deaerator exists, before the volume of bubbles becomes
excessive at the upper pcrtion of the riser pipe, until the
pressure difference 1s reduced to a pressure of 5 atmospheres
that 1s egquivalent tc the original level.

[ 0039]

In other words, the bubbles or gas discharged from the
deaerator may be guided through the vented air conveyor pipe
(vent-dedicated pipe) to above the water surface and released
under the atmospheric pressure or released under an increased
pressure inside the pressurized chamber , or may be guided to
the compressor and reused. Instead, the bubbles or gas may be
discharged to water ocutside the riser pipe by making use of a
phenomenon in which the pressure inside the riser pipe is made
higher than the hydraulic pressure outside the pipe, the
phenomenon being specific to the case where the pressurized
chamber exists,

[ 0040]
A bubble lift method of the present invention to achieve

the above objectives is a bubble 1ift method including:

16



the riser pipe, not only the upper end portion of the riser pipe but also several locations in a shallow
water region can be set as locations where the bubble ratio reaches the maximum. Thus, the volume
ratio occupiedbybubbles can be made uniform in the whole riser pipe from the deep water region to
the shallow waterregion. As a result, the bubble ratio can be increased on average without an increase
in the maximum flow velocity. [ 0046] This makes it possible to significantly lower the flow velocity
in the whole riser pipe, especially, the flow velocity at the upper end portion of the riser pipe, and
hence to d,rasticalli reduce the erosion problem. As a result, the riser pipe, a iE:r‘(i)%rtion connecting the

upper end 0f tHé fiser'Gipd totRE ddwistredihiprocéss, difdl thesifke Bk BeSforRBa By iy a metal

having lowgrhardnass, usinga lighbyeight material-Qr.f carresiontresisiant material sugh as a plastic
or elastomer, or using a coating material, a liner material, a vibration control material, a vibration
damping n¥&teridk barelastic-miaterial capabledoffalssbbing deférration,<or thelikes] 6047 This

consequently,prodyices a1 effect of enabling pyphle.lfting . degper watsrregion by using a

lightweight riser pipe, a cost down effect by an inexpensive corrosion resistant coating or liner,

and an effectdoflayoidirigi lonmgitudinalfivileratien fesonance withhwave:perieds, wotrtéx«excited vibration

or the like b%ghan%?gcﬂaterials. In addition, this also epables, for instance, use of a flexible riser or
in

bellows in WhicH 3 BAIPISEE Used Bn-an inheér SurARe! Hieraby thaking it inieE&esary to use

an expensive-anchgomplicated riser-tensioner: telescopie jaint-ardheslike: 0948} v« - Additionally,
since the flow velocity in the riser pipe is made uniform, this configuration solves problems such as a
problem c&uséd By a pifsating Flow iHsidé the tTReriiise Sa ProBient ot & éidig® i flowdregime (bubble

flow, slug flow.-anpular flow; mist flow,.and the like): of a two-phase. flow of slyrry,and bubbles, and a

problem of solid-liquid separation in slurry due to a stuck state, and thereby enables efficient
realizationtof & veprlohgiriserqgpe.ratus provided at an upper end of the riser

pipe. In this method, a pressurized chamber provided at an
upprer end portion of the riser pipe applies a pressure to an
upper portion inside the riser pipe.

[ 0041]

This method can suppress an increase in the volume ratio
of bubbles or gas to the fluid mixture near the upper end of
the riser pipe. In addition, by only controlling the pressure
application by the pressurized chamber without dynamic control
of the air injection volume according to the sucking cendition,
the flow velocity can be controlled within the design range even
when only seawater is sucked (the specific gravity becomes the
minimum); or even when only a solid having a high specific
gravity is sucked, the specific gravity of the sucked substance
can be contreolled within a design upper limit of specific
gravity.

[ 0042]

In addition, in the foregoing bubble 1ift method, a
deaerator provided on an upper side of the riser pipe performs
deaeration by removing part of the bubbles or gas in the fluid

mixture. This method can further suppress an increase in the

17



[0049] The lifting operation in the deep water region using the bubble lift system and the bubble lift
method of the present invention does not need highly-sophisticated components or heavy components
requiring motive power and control, such as pumps and the like in a deep sea part or an
intermediate-depth water part. Moreover, since bubbles reduce the specific gravity of a fluid mixture
inside the riser pipe to or below the specific gravity of surrounding liquid such as seawater or water, it
is possible to largely lower the design load required fora rig to support a resultant force of the weight of
the rise pipe itself, a fluid weight, a tidal force and the like. [ 00501 In addition, an evacuation

needs to bEHIHEWhehthe hydrotraphic cohditithsedotfie blustén durinigrthentiting bpération.

According {@ .the-bubbie lift %ggmgggghgﬂygble lift method of the present invention, the evacuation
can be done only by pulling up the riser pipe in the exactly same manner as in a drilling rig of the

conventiorial f&¢hniq&e. MareoVBl, 'eVeRGAhen there occurs a situation where an evacuation is done

with comppr@%qt§]outside a ship detached and left and where the left components cannot be retrieved

eventually, it Is possible to eliminate or minimize the possibility of leaving an expensive

highly-sophisticatet-companent:and the bkél {10051 f - skurtker, shellifticarbhéefficiantitcarried out

with a relatively-narrow riser pipe having an equal diameter from the lower end to the top end. For this
i deop wator'

reason, the fi déep afiontan b 5Chid 8 byt usiAg e is” & tiser pibeon the drilling ship
or a drilling systemetor hangling auriseripe prthe: cenventionak teghnigiie. Acgardingly, the

development cost can be cut greatly.

bubble 1ift in a deep water region at & water depth of 5,000
m, for example, an increase in the volume ratio occupied by
bubbles at the upper end portion of the riser pipe can be
controlledwithin several ten times, which is a practical level.
In contrast, in the conventional technigue, the bubble lift
under the same conditions is substantially impossible, because
only a fluid slightly heavier by several percentages than
seawater can be lifted in reality since the volume of bubbles
at the upper end portion of the riser pipe becomes as much as
500 times the volume at the lower end portion of the riser pipe.
[ 0044]

Inthisway, the bubble 1ift systemcan lift a to-be-1ifted
substance even in a deep water region which is tremendously
deeper than in the case of the conventional technique, and thus
can 1ift a target substance having a higher specific gravity.
In additicn, there is produced an effect of enabling efficient
lifting by reducing a pressure loss that is substantially
proportional to a square of the flow velcocity. For example,
the bubble 1ift of a fluidhavingmore than two times the specific
gravity of seawater at a water depth of 5,000 m is made possible
with practically sufficient performance.

[ 0045]

Moreover, by providing deaerators to middle portions of
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BRIEF DESCRIPTION OF THE DRAWINGS [0052] [Fig. 1]Fig. 1 is a schematic diagram illustrating a
configuration of a bubble lift system in an embodiment according to the present invention. [Fig. 2]Fig. 2
is a schematic diagram illustrating a configuration of a deaerator. [Fig. 3]Fig. 3 is a schematic diagram
illustrating a configuration of a receiving apparatus including a pressurized chamber, an upward flow
weir, and the like.

the riser pipe, not cnly the upper end porticn of the riser pipe
but also several locations in a shallow water regiocn can be set
as locations where the bubble ratioc reaches the maximum. Thus,
the volume ratio occupied by bubbles can be made uniform in the
whole riser pipe from the deep water region to the shallow water
region. As a result, the bubble ratio can be incresased on
average without an increase in the maximum flow velocity.

[ 004¢6]

This makes it possible to significantly lower the flow
velocity in the whole riser pipe, especially, the flow velocity
at the upper end portion of the riser pipe, and hence to
drastically reduce the erosion problem. As a result, the riser
pipe, a portion connecting the upper end of the riser pipe to
the downstream process, and the like can be formed by using a
metal having lower hardness, using a lightweight material or
a corrosion resistant material such as a plastic or elastomer,
or using a coating material, a liner material, a vibration
control material, a vibration damping materiazal, an elastic
material capable of absorbing deformation, or the like,

[ 06047]

This consequently produces an effect of enabling bubble
lifting in a deeper water region by using a lightweight riser
pipe, a cost down effect by use of an inexpensive corrcsion
resistant coating or liner, and an effect of aveciding
longitudinal vibration  resonance with wave periods,
vortex~excited vibration or the like by changingmaterials. In
addition, this also enables, for instance, use of a flexible
riser or bellows in which a thin metal plate is used on an innex
surface, thereby making it unnecessary to use an expensive and

complicated riser tensioner, telescoplic jeoint or the like.

19



[Fig. 4]Fig. 4 is a diagram showing a relation between the set pressure of the pressurized chamber
and the maximum specific gravity of slurry that can be lifted. [ Fig. 5]Fig. 5 is a diagram showing a
relation between water depth and the maximum specific gravity of slurry that can be lifted with the set
pressure of the pressurized chamber. MODES FOR CARRYING OUT THE INVENTION [ 0053]
Hereinafter, description is provided for a bubble lift system and a bubble lift method of embodiments
according to the present invention. In this description, the present invention is explained by using an
example of lifting a resource on a sea bottom by using a drill ship in the ocean, but the application
range of tﬁeoﬁlfégbnt invention is not limited to the ocean, but also includes lake, river, and the like.

Additionally, since the flow velocity in the riser pipe
i1s made uniform, this configuration solves problems such as a
problem caused by a pulsating flow inside the riser pipe, a
problem of a change in flow regime (bubble flow, siug flow,
annular flow, mist flow, and the like) of a two-phase flow of
slurry and bubbles, and a problem of solid~liquid separation
in slurry due to a stuck state, and thereby enables efficient
realization of a very long riser pipe.

[ 0049]

The 1ifting operaticon in the deep water region using the
bubble 1ift system and the bubble l1ift method of the present
invention does not need highly-sophisticated components or
heavy compeonents requiring motive power and control, such as
pumps and the like in a deep sea part or an intermediate-depth
water part. Moreover, since bubbles reduce the specific
gravity of a fluid mixture inside the riser pipe to or below
the specific gravity of surrounding liquid such as seawater or
water, it is possible to largely lower the design load reguired
for a rig to support a resultant force of the weight of the rise
pipe itself, a fluid weight, a tidal force and the like.

[ 0050]

In addition, an evacuation needs to be done when the
hydrographic conditions become blustery during the lifting
cperation. According to the bubble 1iff system and the bubble
lift method of the present invention, the evacuation can be deone
only by pulling up the riser pipe in the exactly same manner
as in a drilling rig of the conventional technigue. Moreover,
even when there ocours a situation where an evacuation 1s done

with components outside a ship detached and left and where the
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0054] A bubbile lift system 10 of an embodiment according to the present invention has a
configuration illustrated in Fig. 1. The bubble lift system 10 is a system used in a drill ship (drilling-rig
vessel) 1 floating on a sea surface (water surface) 2 to lift a resource existing on a sea bottom (water
bottom) 3 or under the sea bottom 3. The bubble lift system 10 includes a riser pipe 11, a collector 12,
a gas injection apparatus 13, a deaerator 14, and a receiving apparatus 20. [0055] This bubble lift
system 10 is a system configured to lift a solid substance or a liquid substance (to-be-lifted substance)

such as sand, sediment, or mineral on or under a water bottom 3 such as a sea bottom, a lake bottom
or a river bbttbhn TFBRGRTRE Fised Pive: 11%t0°& Vichfitjest theanater stiface™ 1EoP s blksose, a gas is
injected and,caused fo,fisejn adower side partion. of the risey pipg é&&w@&@&qés&{@ effect that
the gas produces by reducing the pressure of a liquid column inside the rise pipe 11, the to-be-lifted
substance’is stigketstoge el With:surrownding aaterantd thiesriset ipipe 11 at the lower end portion of
the riser p'tpg(%]%]and is lifted up together with the water and the gas to above the water surface 2.
[0056] this drill ship 1, a drill ship is used which includes an automatic ship position
maintaining systentfordifting sedinéntfan aaery«leepraea bottam. iaddiianca tisef pipe: 11 of the
drill ship 1 is used as the riser pipe 11 of the bubble lift system 10. The riser pipe 11 of the drill ship 1
is usually lfsee%at%lc%?légt_&rﬁﬁﬁé)%ﬁd?’r?arifﬁﬁﬁeoﬁé‘r‘éﬁ{ﬂﬂ WRERE tECHTGUE Gsig e Bfilling mud is
employed.1Nofethatthe:bubhle ft system 10:dges-nethave touse the diilling fupctiopeitself, of a
drilling rig included in the drill ship 1. [0057] The riser pipe 11 includes many short pipes having an
inner diamefer<of abiiit 80 ciftfantPa d6HgtR 0P abbiit 27 i @ndeconiriectéd tégétherbyHiapges. For the
fiser pipe L, a matgraliesisianigetasiands pieferaply yseddn ashailov wetey regian where @ flow
velocity is relatively high, whéreas a lightweight material is preferably used in an intermediate-depth
water region-ard aideep-Waterdegiorn Thishser gipeddiisprovidedawitivtheicallegtor lizim a lower

end thereo%, t‘pelgbasrggjggticc)n Sagpgga};[u%é3c%€ner0éam9re locations on the lower side, and the
deaerator T4 at one o moré locations on the upger <ide rhe upper end side of the riser pipe 11 is

connecteddn EEpressgizerbeiiamber2 1 ok therreceiving apparatus 20. Besides, an auxiliary pump, a
crusher and the like may be additionally provided to the lowermost end or an intermediate portion of
the riser p[p@oﬂzﬁif necessary. The lower end portion of the riser pipe 11 is provided with the collector

12 such ag @ styaingr. Thepubble ift system 10 maybe;configyred using a minipym pgssible number
of components, and does not need a heavy element or highly-sophisticated component such as a

lower marif@istf package (EMRELTHLS, thd Fisery pige ncan erbodiment according

to the present invention.

[ Fig. 2] Fig. 2 1is a schematic diagram illustrating a
configuration of a deaerator.

[ Fig. 3] Fig. 3 is a schematic diagram illustrating a
configuration of a receiving apparatus including a pressurized
chamber, an upward flow weir, and the like.

[ Fig. 4] Fig. 4 is a diagram showing a relation betwsen the
set pressure of the pressurized chamber and the maximum specific
gravity of slurry that can be lifted.

[ Fig. D] Fig. > is adiagram showing a relation between water
depth and the maximum specific gravity of slurry that can be
iifted with the set pressure of the pressurized chamber.
MODES FOR CARRYING QUT THE INVENTION

[ 0053]

Hereinafter, description is provided for a bubble lift
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be elongated by a length corresponding to the weight of the unnecessary component, and thereby be
configured to cope with a deeper water region. In addition, in order to obtain the stability against a tidal
force and the like, buoyant bodies (not illustrated) giving buoyant to the riser pipe 11 may be reduced
in a deep water region. [0058] In general, narrow pipes called a kill line and choke line used for a
blowout preventer are disposed and held on the outside of a main pipe of the riser pipe 11. A high
Pressure narrow pipe disposed and held in the same manner is used as a pipe for sending
compressed air for bubble lift to the gas injection apparatus 13 provided on the lower side of the riser

pipe 11. MBFEOWRF, tHigasinfeetionlapparatisad nélsaes s sK6R pipe et epeéiaPspeckication
provided with.an.ait lift valye thrgugh.whish the, campressed.air i3 injected.to the, ipside of the riser pipe

11. The short pipes of the gas injection apparatus 13 are used as several short pipes used in the deep
water regiors abdrthe imterimediateideptrwaterregion: {0059} L ng |n addition, shartpipes:ef special

specificati%rgD quoc\)/ijnd d Withit;tfe %egerﬁqr %ﬁ jIIus_ltglatt(:a ein FCI .a2 ar ugeglhaes sev%ral SQQrt l[?ipes used in
a shallow water reglo%.uﬁe dederator T45ncltides an Guter wall 1 aa splra?%f)pelfﬂ),Jaoventilation

pipe 14c andmegeented ais gornveyarpipe-aent-dedicated:pipenidddncidentally. instead of the vented
air conveyor pipe (vent-dedicated pipe) 14d, a pressure relief valve maybe provided in some cases. In
Fig. 2, a white Bircle fnditas e hiuble 14 briicHprovitfed witiF cross hatching indicates slurry
including a mpydure of seawater and a target substance (sand, crushed mineral or the like), for

example, a portion provided with single hatching indicates a portion having seawater only, and a white
portion indicates a’g&spbhipn. 1Tt system 10 of an embodiment according to the

present invention has a configuration illustrated in Fig. 1.
The bubble 1ift system 10 is a system used in a drill ship
(drilling=-rig vessel) 1 floating on a sea surface (water
surface) 2 to lift a resource existing on a sea bottom (water
bottom) 3 or under the sea bottom 3. The bubble 1ift system
10 includes a riser pipe 11, a ceollecteor 12, a gas injection
apparatus 13, a deaerator 14, and a receiving apparatus 20.
[ 0055]

This bubble 1ift system 10 is a system configured to 1ift
a solid substance or a ligquid substance (to-be-lifted
substance) such as sand, sediment, or mineral on or under a water
bottom 3 such as a sea bottom, a lake bottom or a river bottom
through the riser pipe 11 to a vicinity of the water surface
2. For this purpose, a gas is injected and caused to rise in
a lower side portion of the riser pipe 11. By making use of
an effect that the gas produces by reducing the pressure cof a
liguid column inside the rise pipe 11, the to-be-lifted
substance is sucked together with surrounding water into the
riser pipe 11 at the lower end portion of the riser pipe 11,
and is lifted up together with the water and the gas to above
the water surface 2.

[ 0058]
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(0060] The outer wall 14a is formed with a larger diameter than the main pipe of the riser pipe 11
and includes a cylindrical portion, a lower tapered portion below the cylindrical portion and an upper
tapered portion above the cylindrical portion. The outer wall 14a is formed in a size large enough to
house the entire spiral pipe 14b and a part of the ventilation pipe 14c inside the outer wall 14a and to
encompass the rotational flow of the fluid mixture flowing from the lower short pipe of the riser pipe 11.
[ 0061] The spiral pipe 14b is a pipe having a lower end connected to the main pipe of the riser
pipe 11 on the lower side and being arranged spirally along the inside of the lower tapered portion of

the outer wall 14a”Fh&pidfhipet12BHas an‘opening poHitn’dt & pRicéwheke 1HE SPifSSipe 14b

enters the gylindricalpertion ghthe auter;wall 143, The-spiral pipesLAb-is,corfigured such, that a fluid
mixture flowing out from the spiral pipe 14b forms a rotational flow along the outer wall 14a. In other
words, thesspiranpipe PZbdesas théfiaRl AfmtuUPe riside the Aiseflpivel Phintd & spital #iowto thereby

generate the Iotafignal law.[ 09681, ;; Thaxentialion ipelag Inclugles g pine Nawing an opening at
a center portion in a cross sectionof the cylindrical portion of the outer wall 14a, and passing through
the outer vialEt4ay to-extentl.to thresouiside. Fhpevéritilafiorhgiperi4d is copnectedtouthé vented air
conveyor pipg (vent-dedicated pipe) 14d provided outside the main pipe pf the fiser pipe 11.
technigue using the drilling mud is employed. Note that the
pubble 1ift system 10 does not have touse the drilling function,
itself, of a drilling rig included in the drill ship 1.
[ 00571
The riser pipe 11 includes many short pipes having an inner
diameter of about 50 cm and a length of about 27 m and connected
together by flanges. For the riser pipe 11, a material
resistant to erosion is preferably used in a shallow water
region where a flow velocity is relatively high, whereas a
lightweight material is preferably used in an
intermediate~depth water region and a deep water region. This
riser pipe 11 is provided with the collector 12 in a lower end
therecf, the gas injection apparatus 13 at one or more locations
on the lower side, and the deaerator 14 at one or more locations
on the upper side. The upper end side of the riser pipe 11 is
connected to a pressurized chamber 21 of the receliving apparatus
20. Besides, an auxiliary pump, a crusher and the like may be

additionally provided to the lowermost end or an intermediate

portion of the riser pipe 11, if necessary. The lower end

ct

ortion of the riser pipe 11 is provided with the collector 12

e

such as a strainer. The bubble 1ift system 10 may be configured
using a minimum possible number of compenents, and does not need
a heavy element or highly-sophisticated component such as a

lower marine riser package {LMRP). Thus, the riser pipe 11 can
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[ 0063] Basically, the deaerator 14 is configured to, on the upper side of the riser pipe 11, i.e.,ina
middle portion of the riser pipe 11 near the upper end thereof, generate a rotational flow of the fluid
mixture rising inside the riser pipe 11, thereby to gather bubbles towards the swirl axis with a
centrifugal effect, and to discharge the gathered bubbles to the outside of the rise pipe 11 from the
ventilation pipe 14c provided with the opening portion at the swirl axis. [ 0064] The deaerator 14
swirls the fluid mixture rising together with bubbles inside the riser pipe 11 by leading the fluid mixture
into a spiral flow inside the snail-shaped spiral pipe (volute) 14b, gathers the bubbles towards the swirl

~axis part byTsiigPaehffudal sepafatioh effétt it R thedo be- Iy sibsiaiceSudi gs slurry is
pushed towgpehthe.outer wall 1da-hy.the cenirifugal force, and discharges the excessiyebubbles to the

outside of the deaerator 14 from the ventilation pipe 14c inserted in the swirl axis part. [ 0065] In
the deaeratorde4the bubbkes oragascdischaryeddd the outsider ofthéaiset pipec1 : maytbe guided to

above the W,,_at%r.%_ur%ace 2 thrgu h the v n&ed air conveyopr. Q{ e 4}3 connected to the ventilation pipe
14c and then released to the atsrgogpﬁééaundfeorracneata}ﬁ}?s)&egricl’t)lregéu?%?%y?nns ez%)é) ?nla?/%e guided to

the inside ghthe pressurized-ehBmber2tkthioughdhe veatedhair conweyaripipe 14dreonnected to the
ventilation pipe 14c, and released under an increased pressure. In the latter case, if the discharged

gas is circhlatet hto a'totptessortagéthel With gas separated in the pressurized chamber 21

without bejngoexpanded to the atmospheric pressure, and thus is reused as bubbles for air lift, the

energy necessary for compression can be saved.
In general, narrow pipes called a kill line and choke line

used for a blowout preventer are disposed and held on the cutside
of & main pipe of the riser pipe 11. A high pressure narrow
pipe disposed and held in the same manner is used as a pipe for
sending compressed alr for bubble lift to the gas injection
apparatus 13 provided on the lower side of the riser pipe 11.
Moreover, the gas injection apparatus 12 includes a short pipe
of special specificationprovidedwithanair lift valve through
which the compressed air is injected to the inside of the riser
pipe 11. The short pipes of the gas injection apparatus 13 are
used as several short pipes used in the deep water region and
the intermediate-depth water region.

[ 0059]

In additicn, short pipes of special specification
provided with the deaerator 14 illustrated in Fig. 2 are used
as several short pipes used in a shallow water region. The
deaerator 14 includes an outer wall 14a, a spiral pipe 14b, a
ventilation pipe 1l4c and a vented air conveyor pipe
(vent-dedicated pipe) 14d. Incidentally, instead of the
vented alr conveyor pipe (vent-dedicated pipe) 14d, a pressure
relief valve may be provided in some cases. In Fig. 2, a while
circle indicates a bubble, & portion provided with cross

hatching indicates slurry including a mixture of seawater and
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[0066] Moreover, the vented air conveyor pipe 14d may be provided with a pressure regulation
valve, a throttle valve, or an orifice above the water surface 2 so as to be capable of adjusting a vent
volume to be recycled into the pressurized chamber 21 or the compressor. With this configuration, the
vent volume can be adjusted above the water surface 2 as needed. [0067] Further, a compressors
for compressing air consists of a multi-stage compressor and is provided for injecting the compressed
air into the lower side of the riser pipe 11, and is configured to compress the air (gas) separated in the
pressurized chamber 21, and to send the compressed air again to the lower side of the riser pipe 11.

The bubblés 6§38 bistharget ©'thé tiitside of tie'AserpPipead frém thé Gentiation pgetl4c in the

deaerator 14 is,guided-through the vented airconveyor pipeilld connected:t fhe; ventilation pipe 11c to
a stage in the multi-stage compressor having a higher pressure than that for the gas from the

pressurizedchahide 2l Indhisakayt the dischargeddas igsient to ie comprassoraiisie being kept
under a hi%ggr%sgugﬁggd is reused as bubbles for bubble lift. Hence, the energy necessary for
compression is Urther saved. [ 0068] The provision of the pressurized chamber 21 at the upper
end of the[risés pipe 11 enables utilization of a specific phenomenon in which the pressure inside the
riser pipe 11 is made%n\igher than the hydraulic pressure outside the pipe. Thus, the deaerator 14 may

be provided in a shalfoW Watéragion where thé presstrélihside the iser pip8™ai§ mals higher than

the pressure guiside the pipe 11:due toithe.effect byithe-pressurizadiehambey 21, ard may discharge
bubbles or gas to seawater (water) outside the riser gipe 11 by using a pressure difference between
the inside BARH theButside” 1R this Tase cthe OértedTal %éaﬁi?’e?gﬁpib%glﬂtﬁi‘élﬁd’ﬂn&%@éé% [0069]

and an vpper taperedporticn above the cylindrical portion. The
cuter wall l4a is formed in a size large enough to house the
entire spiral pipe 14b and a part of the ventilation pipe 1l4c
inside the outer wall 14a and to encompass the rotaticnal flow
of the fluid mixture flowing from the lower short pipe of the
riser pipe 11.

[ 0061]

The spiral pipe 14b is a pipe having a lower end connected
to the main pipe of the riser pipe 11 on the lower side and being
arranged spirally along the inside of the lower tapered portion
of the outer wall l14a. The spiral pipe 14b has an opening
portion at a place where the spiral pipe 14b enters the
cylindrical portion of the cuter wall 14a. The spiral pipe 14b
is configured such that a fluid mixture flowing out from the
spiral pipe l4b forms a rotatiornal flow along the ocuter wall
l4a. Inother words, the spiral pipe 14b leads the fluidmixture
inside the riser pipe 11 into a spiral flow to thereby generate
the rotational flow.

[ 0062]

The ventilation pipe 14c¢ includes a pipe having an opening

at acenter portioninacross section of the cylindrical portion

of the outer wall lda, and passing through the outer wall l4a
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Additionally, the ventilation pipe 14c is provided with a pressure relief valve (not illustrated) that acts in
response to the pressure difference between the inside and the outside of the riser pipe 11. Thus, the
deaerator 14 is configured to adjust the pressure inside the riser pipe 11 by controlling the vent volume
with the pressure relief valve. This configuration is very simple but is capable of adjusting the pressure
inside the riser pipe 11. [ 0070] Further, it is preferable that stator vanes or the like be provided to
the inside the riser pipe 11 and that the to-be-lifted substance, bubbles and seawater be mixed well
again so that the fluid mixture in which bubbles are reduced by the deaerator 14 can be efficiently lifted

in a region b EVeE e pbint ivhets thé Babblés ard sadicet: {ooTE] P e deasratsri4may be
provided atmultiple lgcations af differentwater depths (twp.locations,in Fig. 1) and may perform

deaeration (vent) gradually at multiple steps. With this configuration, the volume ratio occupied by
bubbles in thefhiidedixturesising insidertherriser pipe I1 tan beimadesubstahtially uniform from the

deep Wat(-;g roe(%o# to the shallow water region, and therefore the flow velocity of the fluid mixture can
be made more uniform. Thus, the fluid lifting efficiency can be maximized. [0072]

Basically, the deaerator 14 is configured to, on the upper
side of the riser pipe 11, i.e., in a middle portion of the riser
pipe 11 near the upper end thereof, generate a rotational flow
of the fluld mixture rising inside the riser pipe 11, thereby
to gather bubbles towards the swirl axis with a centrifugal
effect, and to discharge the gathered bubbles to the ocutside
of the rise pipe 11 from the ventilation pipe 1l4c provided with
the c¢pening porticn at the swirl axis.

[ 0064]

The deaerator 14 swirls the fluid mixture rising together
with bubbles inside the riser pipe 11 by leading the fluid
mixture into a spiral flow inside the snail~shaped spiral pipe
{(veolute) 14b, gathers the bubbles towards the swirl axis part
by using a centrifugal separation effect in which the
to-be-lifted substance such as slurry is pushed toward the outer
wall 14a by the centrifugal force, and discharges the excessive
bubbles to the outside of the deaerator 14 from the ventilation
pipe ldc inserted in the swirl axis part.

[ 0G65]

In the deaerater 14, the bubbles or gas discharged to the
outside of the riser pipe 11 may be guided to above the water
surface 2 through the vented alr conveyor pipe 14d connected
to the ventilation pipe 14c and then released to the atmosphere
under an atmospheric pressure, or instead may be guided to the
inside of the pressurized chamber 21 through the vented air

conveyor pipe 144 connected to the ventilation pipe 1l4¢, and



In this configuration, the deaerator 14 is provided at an appropriate location such as a location around
a water depth of 200 m, for example, and the ventilation pipe 14c is equipped with a pressure relief
valve configured to open and close when the pressure difference between the inside and the outside
of the riser pipe 11 reaches a pressure of 5 atmospheres, for example, that is equivalent to an initial
difference thereof. Even when more bubbles are injected from the lower side portion of the riser pipe
11, this configuration can discharge the bubbles in the deaerator 14 to the outside in the location at the
water depth of 200 m before the volume of bubbles becomes excessively high in the upper portion of
the riser pip8492 &ffl tHefressurd ditfePéRcs betfss e inside BRE okitdide ¥s Feditoed fo a pressure
of 5 atmosphergs thatls eyivalentio-the original level. [00731, . . Asjllusiiated,in,Fig. 3, the
receiving apparatus (to-be-lifted substance receiving system) 20, a compressor (not illustrated) for
generatingecarsressed mirtfor bubbielift, ramesthe likeetedhstalbed onZthevdritlshiys 1tte iwhich the

upper end portion of the riser pipe 11 extends. The receiving apparatus 20.includes the pressurized
% bkt 3 e %L‘L}Ji%% tank 2373 s§§| liquid refill

chamber 2 f{garrﬁ%ﬁl-stage upwgrﬁr?%%weeﬁbiﬁ 1’2‘%%’?%5‘6,’ a separa
pump 24, atbgeal dighid-refilkpiper25, aks seakligquidrpoel 26: a4 seal (ainpapy27An27By and the like.
The main pipe of the riser pipe 11 is connected to the pressurized chamber 21 of the receiving
apparatus%@, §Ad N -air-sending pipe (not illustrated) of the compressor for sending the compressed
air to the gasdmjection apparatus 12 is connected to the high pressure narrow pipe (not illustrated)
provided to the outside of the main pipe of the riser pipe 11. [0074] The pressurized chamber 21 is
provided at the upPEr&sy pértich Oftha FiseripipecP afe is Eantigared dorapplycarpressgedo the upper

portion ins@glett}t}g Liser pipe 11, The @Eei%s%{iggd {;Q&(p er %1 gﬁ&soc_;cqﬁiggr‘(;gﬁyep,pr%sgegl ﬁm increase

in the volume ratio of bubbles to thefluid mixture rising inside the riser pipe 11 in'the shallow water
region. [0076]} £ i cT hé pressukzed chambelt 2t s enfigured e previsie lan @applitation jprgssure within
such a preset glretssurei ranegetthag an injection volume Ofﬁ‘ gas injected into thgnlo er si%eﬁ portion of
the riser piapevl nma‘f/%é}vr(é no hedd tgeb%y@n%micaﬁf controfsd géb?&iﬁﬁ%c ?ﬁg ondition; the
flow velocityrof:-the fhuiehprixtige ean bhe eontrolled withinia;predetermined sange, even when only
surrounding water is sucked; even when only a to-be-lifted substance is sucked, a design upper limit of
specific gravity ¢5h BE §8f highet tRAIT tHe $petiiEgratity bR fife suckedst®dBshce. This configuration
enables effigigatlifting of a to-be-lifted substance only by: setting the application pressure of the

pressurized chamber 21 within the pressure range preset by previous computing simulation or the like
in Further, a compressors for compressing air consists of

a multi-stage compressor and is provided for injecting the
compressed ailr into the lower side of the riser pipe 11, and
is configured to compress the air (gas) separated in the
pressurized chamber 21, and to send the compressed air again
to the lower side of the riser pipe 11. The bubbles or gas
discharged to the outside of the riser pipe 11 from the
ventilation pipe l4c in the deaerator 14 is guided through the
vented air conveyor pipe 11d connected to the ventilation pipe
1lc to & stage in the multi-stage compressor having a higher
pressure than that for the gas from the pressurized chamber 21.
In this way, the discharged gas is sent to the compressor while
being kept under a high pressure and is reused as bubbles for
bubble lift. Hence, the energy necessary for compression is
further saved.

[ 0C&e8]
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consideration of a lifting depth, the specific gravity of the to-he-lifted substance, and the like; and then
adjusting the application pressure of the pressurized chamber 21 to be within the pressure range.
[0076] Moreover, it is preferable that the pressure of the pressurized chamber 21 be adjusted to
1/50 to 1/3, both inclusive, or more preferably 1/50 to 1/10, both inclusive, of the hydraulic pressure of
the lower end portion of the riser pipe 11. If the pressure is lower than 1/50, the effect of the bubble
volume suppression by the pressurized chamber 21 is so small that the provision of the pressurized
chamber 21 brings no advantage at all. In contrast, if the pressure is higher than 1/3, the pressure

resistance required for the pregsirized chambeér ot BEcanes high-So that the préSsurizéd chamber 21

should megtthedigher-prepery requirement huticanpotbe expeatedito improve jis difting-performance
any more. In addition, by setting the upper limit to 1/10, the pressure resistance required for the

pressurizeBEPRARBER 21 ddh Belshefdt: the Peceivifig dpparausiPo arfBé rade comphtt as a
whole, and,sufficient lifting perfprmance camhe.achieved by 1sing a deaeratign.system,together as

needed. [0077] In addition, when'the pressurized chamber 21 is formed in such a cyclone shape
that the fluidimistire friohwthe 4iserpipe 214y introduced intoathepressus zedechamben2tén its

tangential gggctlon as |IIustr§£ec1_ @nggﬁ 3, tq% pressurize chamber Zlgna g%v% afun%%%n as a

separator to se arrgtsestlﬁjéegas rom:the sﬁulfry |néiu8|ln%eth“elto:55’eﬂllﬁgg subdtance y the centrifugal
separationgeftect making tusedef the:flowwwvelacity: of-the fluie niixtures {nithis case,:alsq,the separated
gas A can be taken out from a top portion of the pressurized chamber 21, be sent to the compressor

while bein§ REPEEIptestBd MRFoUt BRPATSISHHIRT $he FridSpherRe5reassre, Afheh be reused
as the compressegair-forbubbledift, Note that; dn Figa3; aawhite-cirglerindicates-abubhle a portion

provided with cross hatching indicates slurry including a mixture of seawater and a target substance
(sand, crushedl mimetalcor #aellike) efopexampie; a pottion proviceswith-SifiglE hatchingiindicates

seawater qnly, andg white portion indicates a.gasporiign.
[ CCe9l

Additionally, the ventilation pipe lé4c is provided with
a pressure relief valve {not illustrated) that acts in response
to the pressure difference between the inside and the outside
of The riser pipe 11. Thus, the deaerator 14 is configured to
adjust the pressure inside the riser pipe 11 by contrelling the
vent volume with the pressure relief valve. This configuration
is very simple but is capable of adjusting the pressure inside
the riser pipe 11.

[ CO70]

Further, 1t is preferable that statocr vanes or the like
be provided to the inside the riser pipe 11 and that the
to-be~lifted substance, bubbles and seawater be mixed well
again so that the fiuid mixture in which bubbles are reduced
by the deaserator 14 can be efficiently lifted in a region above
the pcint whers the bubbles are reduced.

[ 0071
The deaerator 14 may be provided at multiple locations

at different water depths (twe locations in Fig. 1) and may
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[0078] Moreover, the single-stage or multi-stage (three stages Fig. 3) upward flow-weir 22A, 223,
22C is provided downstream of the pressurized chamber 21 in order to keep the pressure of the
pressurized chamber 21 within the design range. Each stage of the upward flow weir 22A, 223, 22C
includes a pressure container 22a and a slurry pipe 22b housed in the pressure container 22a. Each
stage of the upward flow weir 22A, 223, 22C is configured to keep the pressure on the downstream
side of the slurry pipe 22b within a design range by controlling the pressure of a gaseous portion in the
pressure container 22a encompassing the upper end of the slurry pipe 22b, In addition, there are

provided cBfMGHIERGRFFHES DBA, P83 thtojiWhith thetfadtens Yorforrd-6Fthe préstlire
containers 22a.0f theupward flovy, weir 224,223, %%Oc%ddtp@%w&&ti%@%&fﬁﬁ% tseal 27A, 273

communicate with each other. Then, the single-stage or multi-stage U Seal 27A, 273 (two stages in
Fig. 3) using-thiehragsures by Hggidreolumns denttals thei pressurésof the gaseols poridas of the
pressure containers 22a., [ 0079] %@ch of the slurry pipes 22b of the upward flow.weir 22A, 228,
520 commUNCAten Wit e procs. 75 Shamibes SLOPd lovih SORON b e DreSaiid haiainer 22b
in the previoussstage: diherslursy pipen22te guides shuryfibtredueehbiramsthe previeuststage from a
lower portion thereof to an inner portion thereof, and causes the slurry to flow out from an upper

portion thePadt iHbRhé phedbird éstitaifer 225 A @Rfount of Presshifé reduded in&ach Bfage can be

adjusted by asing:the heightof the slurripipe 22b and the specific gravity of the slurry. Moreover, the
pressure of the lower portion of the slurry pipe 22b is equal to a sum of the pressure of the gaseous

portion of thébtéssure container 22a and the hydraulic pressure of the slurry in the slurry pipe 22b.
Thus, the pressure,contral of the, gagequs pattion.of the pressure container 22a engbles control of the

adjustment of the pressure inside the pressurized chamber 21 or the pressure container 22b in the
previous stageif:0080F i atén otlvertwords; the eperating-pressures ofithe pressure centamers 22a of

the upward flow.weir22A, 228, 220.can be t by controlling the gas pressures inside the pressure
contaners Do St ontiol SRS GRS (RESSTES T8 bAIRAdE by preenis 6. FRnRIEN s or the like

provided tarthengaseeus partionss buk may be ade by dhe sulti-stage:seal @ 1A, 273 using the
pressures of the liquid columns and having stages of a number corresponding to the number of stages

of the upwaRFfBRSFEFI2A258 €556 Cfh & BEE BF Thé TUIf BEAGE LPEERIFHA 2P MiitkesTit possible to
avoid a trouhle which the,pressure regulation valvesar dhe like, woyld-othenaise have deg,to sand, dirt

and the like flying like fog, for example.

example, that is eguivalent to an initial difference therecf.
Even when more bubbles are injected from the lower side portion
0of the riser pipe 11, this configuration can discharge the
bubbles in the deaerator 14 to the ocutside in the location at
the water depth of 200 m before the volume of bubbles becomes
excessively high in the upper portion of the riser pipe 11, until
the pressure difference between the inside and outside is
reduced to a pressure of 5 atmospheres that is equivalent to
the original level.

[ G073]

As illustrated in Fig. 3, the receiving apparatus
(to-be-lifted substance receliving system) 20, a compressor {not
illustrated) for generating compressed air for bubkble 1ift, and
the like are installed on the drill ship 1 to which the upper
end porticn of the riser pipe 11 extends. The receiving

acparatus 20 includes the pressurized chamber 21, a
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[ 0081] In the configuration illustrated in Fig. 3, the upper portion of the pressure container 22a of
the upward flow weir 22A at the first stage communicates with the upper portion of the U seal 27A at
the first stage through the communicating pipe 28A, the upper portion of the pressure container 22a of
the upward flow weir 22B at the second stage communicates with the upper portion of the U seal 273
at the second stage through the communicating pipe 283, and the upper portion of the pressure
container 22a of the upward flow weir 220 at the third stage is opened to the atmosphere through an
open pipe 280. [0082] In this configuration, a ;é)ressure P3 inside the pressure container 22a of the

upward floW e 2207 HThBRHITd Stdgedid HR afmospherié pressiire PoSaRd APreéSeure®P % inside the

pressure containey 22a.0f thequpward flow wgir223:at the second stage.isa sum;ofthe:aimospheric
pressure Po and a pressure Pb of the liquid column of the U seal 273 at the second stage. Then, a
pressure PLinsidé the pledsuiie e8ritdifer 20a of thesiswartPfio Weir22A7dt thé Hist stage is a sum
of the pressyie P2and aresaure, Pa afing fiauiglcgluin o e ) seal 27A-at e fisf sfage. In
summary, P3-To, P2=Po+Pb, and P1=P2+Pa-Po+Pa+Pb hold. Thus, by contr&llngt e pressures Pa,
Pb of the liguid coksmns-afthe diseab27A7 2731 thenpressurees Ph P 2 insidex thespissus@ gontainers
22a can be controll_ed.]jk C?08% , Th? seﬁareit'kon tank 23 dz pr vig%d and connected to an exit of the
upward flow wéir 22074t thé fast JSPaege oft elupvélasra%%wew ir 22A° 2235228 e gép ration tank 23
temporarily, stofes ¢he skiry-egntainingtheito-berlifted sybstance-and «settles thesto-be-lifted
substance to separate the to-be-lifted substance from seawater. In the case where the to-be-lifted

substanceif therehsiry Sfatk st sIdryaIR S St & fi TSl 24 BEdiment Blisextragtet tom the

lower side in gonsidgration pt.adime reuired for.settlement ;the sediment BJs acqumylated on the.
lower side of the separation tank 23 and is pushed out from a lower exit by the pressure applied by its
own weight #iside the separation tank 23. Instead, the sediment B may be discharged by a slurry

pump which is notﬁl_l%stratgg. Then %eéiggg&gsgag\ﬁt:?g C fro\g g}/@écgéh%fggd{%%%t@é% H—:-_moved is
3 upp

t
: 2
discharged as a supern%{:ant?lﬁfaltoet e outside of the seﬁ)alfgtlon tank rom er exit. After the

necessaryrpost ireatmentrsuch as remigvallof cdntained stibstanrce s theiquide G isareturned to the

ocean. In addition, part of the liquid (seawater) C is discharged from the upper side of the separation
tank 23 by the- 0SS TG0 Fef gl 24 ARcH8 paurad info e fiuid pAdl 26 Fom 6 beal liquid

refill pipe 2&, s igpid isused dorrtheJiguid cobrpas ekthe i) 888k2A27B .t he volume
ratio of bubbles to the fluid mixture rising inside the riser
pipé 11 in the shallow water region.
[ G075]

The pressurized chamber 21 is configured to provide an
application pressure within such a preset pressure range that
an injection volume of a gas injected into the lower side portion
of the riser pipe 11l may have no need tobe dynamically controlled
according to a sucking condition; the flow velocity of the fluid
mixture can be controlledwithin a predetermined range even when
only surrounding water is sucked; even when only a to-be~lifted
substance is sucked, a design upper limit of specific gravity
can be still higher than the specific gravity of the sucked
substance. This configuration enables efficient 1ifting of a
to-be-lifted substance only by: setting the application
pressure of the pressurized chamber 21 within the pressure range

reset b revicus computiln simulation or the like in
Y e g

30



[0084] The foregoing bubbile lift system 10 can employ the bubble lift method including: installing
the riser pipe 11 such that the riser pipe 11 extends from above the sea surface 2 (water surface) in
the drill ship or the like floating on the sea surface 2 down to the sea bottom 3 or under the sea bottom
3; injecting and raising a gas in the bobble form by the gas injection apparatus 13 provided on the
lower side of the riser pipe 11; sucking the to-be-lifted substance, which is collected by the collector 12
provided at the lower end of the riser pipe 11, at the lower end side of the riser pipe 11 by using an
effect that the gas produces by reducing the pressure of a fluid column inside the riser pipe 11; and

when liftinG the fiGiefiktte ontaining tHe'tb-Benifed SistaRes id the FEceRing apparéttis 20

provided at the,uppersend:otiheiser pipe 11sperfarming.deaeration by rg%lﬂymﬁart&%éhe bubbles
or gas in the fluid mixture by the deaerator 14 provided on the upper end side of the rise pipe 11, and

applying teepressaitel tonthie-gppertend insite terserpipe d by thepréssturized ehdrhber 21
provided a&t%- g@%%r %r}dep(%gig§eof the riser pipe 11. Thus, the bubble lift system 10 is capable of
e

suppressing the increase in the volume ratio of the bubbles or gas to the fluid mixture in the vicinity of

the upper efd of1he riser pipe 11. [0085] In addition, the to-be-lifted substance such as slurry
accumulated in the lower portion of the pressurized chamber Zlﬁi;ts\%)ushed out by the pressure inside

the pressurized chaMBer 1 and flowsSupgtward i B Gpward flow \veiP 23K5935, 220, i%:flows

upward ingide the: sluprypiper22bprovided inthe dedicatad ope of theppressure/contaipens 22a on the
downstream side. While flowing upward inside each of the slurry pipes 22b of the upward flow weir
224, 223, 226, the siGrryCortammg 7 frBe-litet/stbstanté 1osed a PresaGra 15y 3R arfibunt

corresponding tg fhe lgyid column and.accordingly is decompressed.; The pressute jnside the

dedicated pressure container 22a of the upward flow weir is kept lower by a certain degree than the
pressure insige thé pressutizedichamber 2 1 solasvorbs i subdtantiatly e quilflsritimofith tle pressure

of the decompressed slurry. [0088] Altet flowing upward in each slitry. pipe,22b of the upward

small that the provision of the pressurized chamber 21 brings
no advantage at all. In contrast, if the pressure is higher
than 1/3, the pressure resistance required for the pressurized
chamber 21 becomes high, sc that the pressurized chamber 21
should meet the higher property requirement, but cannct. be
expected to improve its lifting performance any mere. In
additicn, by setting the upper limit to 1/10, the pressure
resistance reqguired for the pressurized chamber 21 can be
lowered, the receiving apparatus 20 can be made compact as a
whole, and sufficient 1ifting performance can be achieved by
using & deaeration system together as needed.
[ 00771

In addition, when the pressurized chamber 21 is formed
in such a cyclone shape that the fluid mixture from the riser
pipe 11 is introduced into the pressurized chamber 21 in its
tangential direction as illustrated in Fig. 3, the pressurized
chamber 21 may have a function as a separator to gseparate the
gas from the slurry including the to-be-1ifted substance by the

centrifugal separation effect making use of the flow velocity
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flow weir 22A, 22B, 22G, the slurry falls down into the corresponding pressure container 22a, and the
slurry accumulated in the bottom portion of the pressure container 22a is pushed out to another
pressure container 22a in the next stage of the upward flow weir 22B or 22C on the downstream side.
By repeating this, the pressure of the slurry containing the to-be-lifted substance is reduced to the
atmospheric pressure eventually. [00871 Next, description is provided for a bubble lift method of
an embodiment according to the present invention using the foregoing bubble lift system 10. This
bubble lift method is_a method including: installing the riser pipe 11 such that the riser pipe 11 extends

“from a viciRity bf the” s&a Suftade 2 'down 10 the' s&a HBR6M §g?ﬁhdgpﬁ198§@£58ﬁ8rﬂ F4fijecting a gas

in the bobble-form intostheJower side afihesiserpipestl 4 theteby causerthe-gas te fisey-and by using
an effect that the gas producesggé reducing the pressure of the fluid column inside the riser pipe 11,

sucking thé to-besiftéd Stubstande: whichis'heeted drodfd theibferémt of tABIHERE ik 11, into the
I eCeING oA 28 provti & the Upat A of the e b6 L1 e neelhod 21ob incides
applying theepresduesstd-the upperengsiasideithe Tiser ipipec 1 & by e preSsurizethetiamber 21
o o 0 npr e e o i o o1 0008 s bl ot
deaerator 44 fovided onrthe aippet sioeiobtthesdsespiperdd. including a mixture of

seawater and a target substance (sand, crushed mineral or the

like}, for example, a pcrticn provided with single hatching

indicates seawater only, and a white portion indicates a gas

portion.

[ 0078]

Moreover, the single-stage or multi-stage (three stages

in Fig. 3) upward £low welr 22A, 22R, 22C is provided downstream

of the pressurized chamber 21 in order to keep the pressure of

the pressurized chamber 21 within the design range. Each stage

of the upward flow weir 22A, 22B, 22C includes a pressure

container 2Za and a slurry pipe 22b housed in the pressure

contalilner 22a. Each stage of the upward flow welr 222, 228,

22C is configured to keep the pressure on the downstream side

of the slurry pipe 22b within a design range by controlling the

pressure of a gaseous portion in the pressure container 22a

encempassing the upper end of the slurry pipe 22b. In addition,

there are provided communicating pipes 28A, 28B through which

the gasecus portions of the pressure containers 2Za of the

upward flow welr ZZA, 22B, 2ZC and upper portions of the U seal

27A, 278 communicate with each other. Then, the single-stage

or multi-stage U seal 27A, 278 (two stages in Fig. 2) using the

pressures by liguid columns controls the pressures of the

gaseocus portions of the pressure containers 22a.
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[ 0089] According to the bubble lift system 10 and the bubble lift method of the foregoing
configuration, there is no need for a slurry system to include a rotating machinery or instrument, a
shut-off valve, a pressure regulation valve, a throttle valve, an orifice or the like which is highly likely to
become malfunction due to damage, breakage, galling, jamming or the like in the process of lifting the
to-be-lifted substance. [ 0090] Figs. 4 and 5 show results of computing simulation. Fig. 4 is a
diagram showing a relation between the set pressure of the pressurized chamber 21 and the
maximum specific gravity of a fluid mixture that can be lifted, where the horizontal axis indicates the
set pressu[ré)gﬂt?ﬂe pressurized chamber 21 and the vertical axis indicates the upper limit of specific

gravity of slurry lifted by the bubble, lift-at a,yyater, depth of 5,000, Eig.; 5is a,diagram showing a

relation between the water depth and the maximum specific gravity of a fluid mixture that can be lifted
under the gétfpressurewinthie pressusizediéhamber2E svivdreaiecherizontal axisrindicates the water
depth and the vertical axis,indicates the upper limit of specific. gravity of slurry lifted under a set
pressure of %BX{ajfr(13"|]rcl)s(|:))ﬁe1r§ehs.eirip tﬂ%spsrgése}urléz)%réltc%%pfﬁﬁe%f [b gﬂjg Py Eﬁ%%gmspb%ﬁa simulation,
the foregoingebubhble ift syisten? 20 isassemed toift/aitarget substantedronhthe-waterdoitom 3, and
the pressure of the gressurized chamber 21 and the injection volume of bubbles are fixed. The

injection vEIoAE of biBbles /'8t #°ar ubPetifmtibluhte 2 or BetdwRihich Othe i Retacity of the

fluid mixtueenat the upper ead-of the yises pipe t l-dees not exceqd-10-n per second £ven when the
concentration of water in the slurry is 100%. With these settings fixed, if the specific gravity of the

slurry incrédsed AoRdWith HHMGEaSE RE éohcentfation of As6lid Frag frow velstity deereases
whereas the,bubhle [atig.increases, Here, a-practical upper limit af.specific, gravity of slupry that can be
lifted by the bubble lift system 10 is defined as the specific gravity of slurry at which the bubble ratio
reaches 9@%rat thekupper ehd sfthe¥iser pipe t1Lf0092Fhe slurry. Moreover, the
pressure of the lower portion of the slurry pipe 22b is equal
to a sum of the pressure of the gaseous portion of the pressure
container 2Za and the hydraulic pressure of the slurry in the
slurry pipe 2Zb. Thus, the pressure control of the gaseous
portion of the pressure container 22a enables control of the
adjustment of the pressure inside the pressurized chamber 21
or the pressure container 22Zb in the previous stage.
[ 0084)
In other words, the operating pressures of the pressure
containers ZZa of the upward flow welr 22A, 22B, 22C can be kept
by contrelling the gas pressures inside the pressure containers
22a. The contrel of the gas pressures can be made by pressure
regulation valves or the like provided to the gaseous portions,
but may be made by the multi-stage seal 27A, 27B using the
pressures ¢f the liguid columns and having stages of a number
corresponding to the number of stages of the upward flow weir
22A, 22B, 22C. The use of the multi-stage U seal 27A, 27B makes
it possible to avoid a trouble which the pressure regulation
valves or the like would otherwise have due to sand, dirt and

the like f£flying like fog, for example.
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Fig. 4 shows performance change along with a change in the pressure setting of the pressurized
chamber 21 at a water depth of 5,000 m. A case where the present invention is not applied is
equivalent to the case where the pressure of the pressurized chamber 21 of the present invention is an
atmospheric pressure. In this case, it can be said that it is impossible to lift slurry having a higher
specific gravity than seawater. However, it is found that slurry having 1.5 times
thespecificgravityofseawatercanbe lifted when the pressure of the pressurized chamber 21 of the
present invention is set to about 20 atmospheres. It is also found that slurry having two or more times
the specifié 8%&/ of seawater can be lifted when the pressure of the pressurized chamber 21 is set

higher. Only by proyiding the. deaerator.14 in.a single stage. howgver; the sameeffect.ran be obtained

even with the pressure of the pressurized chamber 21 kept at 20 atmospheres (not shown). [0093]
Moreover, Fig: 5.shiows performznce changerinhahe easé vherd thechulybie tifi systemwidiwith the
pressure o %}g ressurized chamber 21 set to 20 atmospheres is used at various water depths. Fig. 5
shows thatgs urr%agv%ﬁgg %fbéﬁ? 35‘[itrré11<=fgse thceoénf)nélcl?ﬂlccgar%%lstywojf Es%éa%agt}e}}ggr? Eeﬁﬁtre%laﬁna \C/)\?fa;ter depth of
1,000 m, that¢he spper tinit of thespecific.gravitycdeereases as the waterrdepth begames greater, and
that slurry having about 1.5 times the specific gravity of seawater can be lifted even at a water depth of

5,000 m, a& ‘deschib&d ABBYE. FUU941°" Necohfing 16 fid bibbeTifcsyAfem 162 theBubble lift

method having:the foregoing configurationyin the presentdavention.the pressiisized.champer 21 is
provided at the upper end portion of the riser pipe 11, whereby in bubble lift in a deep water region at a
water deptRiGPSL080 7t foF example, A pteasein thé Vel iReato Deetpidd by bubbldscat the upper

end portion.gfhe/iser pibe, 1can be contiolledyithin several yen ipess wihieh s 2 ugetcal level. In

contrast, in the conventional que, the bubble lift under the same conditions Is substantially
impossibles betausesonly2eflaid slightly heavier by severdl petééntages itkart seawateraaa be lifted in

reality since the vqun&e of b$gkéles at the upper (?[nd g%rt'&(l)n of the riser pigg ]%%]ecomes as much as

500 times the volume attiﬁe oweraé:rI\RéDSBrrﬁoneof Il:llé: FISEr pi%ré 1??6’0% is enables the bubble

lift system10¢@ 4ift a to-be-lifted substance in a deep water region, which is tremendously deeper than
in the case of the conventional technique. In addition, this produces an effect of enabling efficient lifting

by reducing a pres5Uré Toss it s SUEtantdlly fréfHisHAIT 2 siuaiélst IRE fIoRAFsIN&s). For
example, the bubblelift obslugy having merethan BHO HiMES 22c at the tnird stage

is an atmospheric pressure Po, and a pressure P2 inside the
pressure container 22a of the upward flow welr 22B at the second
stage is a sum of the atmospheric pressure Po and a pressure
Pb of the liquid column of the U seal 27B at the second stage.
Then, a pressure PL inside the pressure container 22a of the
upward flow weir 224 at the first stage is a sum of the pressure
P2 and a pressure Pa of the liguid column of the U seal 274 at
the first stage. In summary, P3=Po, P2=Po+FL, and
Pl=P2+Pa=Po+Pa+Pb hold. Thus, by controlling the pressures Pa,
Pb of the iiquid columns of the U seal 27A, 27B, the pressures
Pl, PZ inside the pressure containers 22a can be controlled.
[ 0083]

The separation tank 23 is provided and connected to an
exit of the upward flow weir 22C at the last stage of the upward
flow welr 224, 22B, 22C. The separation tank 23 temporarily

stores the slurry containing the to-be-lifted substance, and
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the specific gravity of seawater at a water depth of 5,000 m is made possible with practically sufficient
performance. [0096] Moreover, by providing deaerators 14 to middle portions of the riser pipe 11,
not only the upper end portion of the riser pipe 11 !but also several locations in a shallow water region
can be set as locations where the bubble ratio reaches the maximum. Thus, the volume ratio occupied
by bubbles can be made uniform in the whole riser pipe 11 from the deep water region to the shallow
water region. As a result, the bubble ratio can be increased on average without an increase in the
maximum flow velocity. [ 00971 This makes it possible to lower the flow velocity in the whole riser

pipe 11, esjEclaly Sthe g vefcity Bt teupier @napbrish of - fiser pipe 125sigrificatly. Thus,
the erosion, problem i3 drastically reduced. As g result, e Zisgr pipe 11,2 pation_conagcting the

upper end of the riser pipe 11 to the downstream process, and the like can be formed by using a metal
having lowerhaidress, usingzslightweight afatéralior sscortosian résistantmiatarial sach as a plastic
or elastomgrt,so@glugmgaa csogggge@%tegalia liner mate |aId a,ylbrathé%conﬂg)l (r%naterlal a vibration

) , tr ) .
damping material, an elastic material capa%leegf a‘bas%relng déform c?n, or ‘f]herllk?a.l%?mé]v1 This

consequentlyrprodaeces:-an eftectzof-anablirg;bubhkle liftin asdeepenwater regien dydising: a lightweight
riser pipe, a cost down effect by use of an inexpensive corrosian resistant coating or liner, and an

effect of avoiding GGttt Sibratioh resoRaitde Withwale pero i RdREL-ERTitEd Vibration or the

like by changing materalsIn.addition, use) of.aflexipleriser ernbellows in which.a thindngtal plate is
used on an inner surface, or the like is made possible while not needing an expensive and complicated
HseerBkﬂﬁﬁ,ﬁﬂ@%c@ﬁkﬁﬁﬁtépﬁﬁgmaﬁhe separation tank 23. Instead, the

sediment B may be discharged by a slurry pump which is noct
illustrated. Then, the liguid (seawater) C from which the
sediment B is removed is discharged as a supernatant fluid to
the outside of the separation tank 23 from an upper exit. After
the necessary post treatment such as removal of contained
substances, the liguid C is returned to the ocean. In addition,
part of the ligquid (seawater) C is discharged from the upper
side of the separation tank 23 by the U seal liguid refill pump
24 and is poured into the liquid pool 26 from the U seal liquid
refill pipe 25. This liquid is used for the liquid columns of
the U seal 277, 27B.

[ 0C84]

The foregoing bubble 1ift system 10 can employ the bubble
lift methed including: installing the riser pipe 11 such that
the riser pipe 11 extends from above the sea surface 2 (water
surface) in thedrill ship or the like floating on the sea surface
2 down to the sea bottom 3 or under the sea bottom 3; injecting
and raising a gas in the bobble form by the gas injection
apparatus 13 provided on the lower side of the riser pipe 11;
sucking the to-be-lifted substance, which is collected by the
collector 12 provided at the lower end of the riser pipe 11,

at the lower end side of the riser pipe 11 by using an effect
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[ 0099] The lifting operation in the deep water region using the bubble lift system 10 and the
bubble lift method having the foregoing configuration does not need highly-sophisticated components
or heavy components requiring motive power and control, such as pumps and the like in a deep sea
part or an intermediate-depth water part. Moreover, since bubbles reduce the specific gravity of a fluid
mixture inside the riser pipe 11 to or below the specific gravity of surrounding liquid such as seawater
or water, it is possible to largely lower the design load required for a rig to support a resultant force of
the weight of the rise pipe 11 itself, a fluid weight, a tidal force and the Iike.}é(:lQO] In addition, an
evacuation-Aéeds 16 56 doneWhEr thé hydiegraphic toRdMGHEBEOME BldstBA dafihg e lifting

operation. Accorging fo.the; Qubble Jift system.10.and the bubble lift methad having the foregoing
configuration, the evacuation can be done only by pulling up the riser pipe 11 in the exactly same
manner asdat@rilling ey dflthe conventional technigueé.sMereover,"evertwhentherslotouys a situation
where an evacuation is dane with.companents outside a ship detached and left and where the left
componen?f gélr%:ngo%t%se %@rié)v%%vé\i%ugﬁy%ﬁ% puops%ﬁi?e o %Iir%%r?a%%r%iﬁﬁﬁizgjtﬁee gggéibility of
leaving anexpénsive highly-sephisticatedycarmponantcandcithe like. 0101pubb Fether, thedift can be
efficiently carried out with the relatively-narrow riser pipe 11 having an equal diameter from the lower

end to the 1o end. For tilsTeESEH SHaYift Ha terpiWatdt régidhtEaht 68 AchievetbyRRHy, as it is,
the riser pipad keadhe drilling ship-or.a dlling, system {05 handlingthediset pipe-11n the

conventional technique. Accordingly, the development cost can be cut greatly. INDUSTRIAL
APPLICABIPE®t end inside the riser pipe 11 by the pressurized chamber
21 provided at the upper end portion of the riser pipe 11. Thus,
the bubble 1ift system 10 is capable of suppressing the increase
in the volume ratio of the bubbles or gas to the fluid mixture
in the vicinity of the upper end of the riser pipe 11.
[ 0085)

In addition, the to-be-lifted substance such as slurry
accumulated in the lower portion of the pressurized chamber 21
is pushed out by the pressure inside the pressurized chamher
21 and flows upward in the upward £low welr 22A, 22B, 22C, i.e.,
flows upward inside the slurry pipe 22b provided in the
dedicated one of the pressure containers 22a on the downstream
side. While flowing upward inside each of the slurry pipes 22b
of the upward flow weir 227, 22B, 22C, the slurry containing
the to-be-lifted substance loses a pressure by an amount
correspending to the liguid column and accordingly is
decompressed. The pressure inside the dedicated pressure
container ZZa of the upward £flow welr is kept lower by a certain
degree than the pressure inside the pressurized chamber 21 so
as to be in substantially equilibrium with the pressure of the
decompressed slurry.

[ 008¢]

After flowing upward in each slurry pipe 22b of the upward
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[0102] According to a bubble lift system and a bubble lift method of the present invention, a
pressurized chamber is provided at an upper end portion of a riser pipe, whereby an increase in the
volume ratio occupied by bubbles at the upper end portion of the riser pipe can be controlled within
several ten times, which is a practical level, even in bubble lift in a deep water region. Thus, the
system and method of the present invention are applicable in all the industrial fields where a solid,
liquid, or slurry is lifted from a place such as a sea bottom, lake bottom, river bottom, or the ground
below them, the fields including, for example, extraction of ocean bottom resources such as sea-floor

hydrotherrﬁépd“epggﬁ,rinazr?g%hegezﬁod netfi&fe Gasfydfatédraré eQAN rardhetal ¢8balt rich

crust or diammend sexiraction of sand,.gravel ordhe likezand dredgingforan installation wark or an
offshore structure or the like. EXPLANATION OF REFERENCE NUMERALS [0103] 1drill ship 2sea
surface (WAt Blrface) 3sed Bt AT (vratet bottbht) 20bubBI& Tift S§3temcontainer 22a

is pushed out to another pressure container Z2a in the next stage
of the upward flow weir 22B cor 22C on the downstream side. By
repeating this, the pressure of the slurry containing the
to-be-lifted substance is reduced to the atmospheric pressure
eventually.

[ 0087]

Next, description is provided for a bubble lift method
of an embodiment according to the present invention using the
foregoing bubble 1ift system 10. This bubble 1ift method is
a method including: installing the riser pipe 11 such that the
riser pipe 11 extends from a vicinity of the sea surface 2 down
to the sea bottom 3 or under the sea bottom 3; injecting a gas
in the pbobble form into the lower side of the riser pipe 11 to
thereby cause the gas to rise; and by using an effect that the
gas produces by reducing the pressure of the fiuid ceolumn inside
the riser pipe 11, sucking the to-be~lifted substance, which
is collected around the lower end of the riser pipe 11, into
the lower end side of the riser pipe 11, and lifting a fluid
mixture containing the to~be~lifted substance to the receiving
apparatus 20 provided at the upper end of the riser pipe 11.
The method alsc includes applying the pressure to the upper end
inside the riser pipe 11 by the pressurized chamber 21 provided
at. the upper end portion of the riser pipe 11.

[ 0088]

In addition, this bubble 1lift method also includes

performing deaeration by removing part of the bubbles or gas

in the fluid mixture by the dezerator 14 provided on the upper
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11riser pipe 12collector 13gas supply device 14deaerator (vent system) 14aouter wall 14bsnail shape
portion (volute portion) 14c ventilation pipe 14d vented air conveyor pipe (vent-dedicated pipe)

side of the rise pipe 11.
[ 6089]

According to the bubble 1ift system 10 and the bubble 1ift
method of the foregeing configuration, there is no need for a
slurry system to include a rotating machinery or instrument,
a shut-off valve, apressure regulation valve, a throttle valve,
an orifice or the like which is highly likely to become
malfunction due to damage, breakage, galling, jamming or the
like in the process of lifting the to-be-lifted substance.

[ 6080}

Figs. 4 and 5 show results of computing simulation. Fig.
4 is a diagram showing a relation between the set pressure of
the pressurized chamber 21 and the maximum specific gravity of
a fluid mixture that can be lifted, where the horizontal axis
indicates the set pressure of the pressurized chamber 21 and
the vertical axis indicates the upper Limit of specific gravity
of slurry lifted by the bubble 1ift at a water depth of 5,000
m. Fig. 5 is a diagram showing a relation between the water
depth and the maximum specific gravity of a2 fluid mixture that
can be lifted under the set pressure of the pressurized chamber
21, where the horizontal axis indicates the water depth and the
vertical axis indicates the upper limit of specific gravity of
slurry lifted under a set pressure of 20 atmospheres in the
pressurized chamber 21.

[ 0091]

In this computing simulation, the foregeing bubble 1ift
system 10 is assumed to 1ift a target substance from the water
bottom 3, and the pressure of the pressurized chamber 21 and
the injecticn volume of bubbles are fixed. The injection volume

of bubbles is set to an upper limit volume at or below which
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20receiving apparatus 21pressurized chamber (type additionally having a gas-slurry separation
function) 22A, 22B, 22Cupward flow weir 22a pressure container 22bslurry pipe 23separation tank
24U seal liquid refill pump

the flow velocity of the fluid mixture at the upper end of the
riser pipe 11 does not exceed 10 m per second even when the
concentration of water in the slurry is 100%. With these
settings fixed, if the specific gravity of the slurry increases
along with an increase in the concentration of a solid, the flow
velocity decreases whereas the bubble ratio increases. Here,
a practical upper limit of specific gravity of slurry that can
be lifted by the bubble 1ift system 10 is defined as the specific
gravity of slurry at which the bubble ratio reaches 90% at the
upper end of the riser pipe 11.

[ 002z]

Fig. 4 shows performance change along with a change in
the pressure setting of the pressurized chamber 21 at a water
depth of 5,000 m. A case where the present invention 1s not
applied is equivalenit tc the case where the pressure of the
pressurized chamber 21 of the present invention is an
atmospheric préssure. In this case, 1t can be said that it is
impossikble to 1ift slurry having a higher specific gravity than
seawater., However, it is found that slurry having 1.5 times
the specific gravity of seawater can be lifted when the pressure
of the pressurized chamber Z1 of the present invention is set
to about 20 atmospheres. It is alsc found that slurry having
two or more times the specific gravity of seawater can be 1ifted
when the pressure of the pressurized chamber 21 is set higher.
Cnly by providing the dezerator 14 in a single stage, however,
the same effect can bhe obtained even with the pressure of the
pressurized chamber 21 kept at 20 atmospheres {not shown).

[ 0C93]
Moreover, Fig. 5 shows performance change in the case

wherse the bubble 1ift system 10 with the pressure of the
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25U seal liquid refill pipe 26U seal liquid pool 27A, 27BU seal (air trap) 2871, 28Bcommunicating pipe
Agas (bubble and gas) solid liquid (seawater)

pressurized chamber 21 sat to 20 atmospheres is used at various
water depths. Fig. 5 shows that slurry having about 3 tTimes
the specific gravity of seawater can be lifted at a water depth
cf 1,000 m, that the upper limit of the sgpecific gravity
decreases ‘as the water depth becomes greater, and that slurry
having about 1.5 times the specific gravity of seawater can be
lifted even at a water depth of 5,000 m, as described above.
[ 0094]

According to the bubble 1ift system 10 and the bubble 1ift
method having the feoregoing configuration in the present
invention, the pressurized chamber 21 is provided at the upper
end portion of the riser pipe 11, whereby in bubble 1ift in a
deep water region at a water depth of 5,000 m, for example, an
increase in the volume ratioc cccupied by bubbles at the upper
end portion of theriser pipe 11 canbe controlled within several
ten times, which is a practical level. In contrast, in the
conventional technique, the bubble 1ift under the same
conditions is substantially impossible, bscause only a fluid
slightly heavier by several percentages Than seawater can be
lifted in reality since the volume of bubbles at the upper end
portion of the riser pipe 11 becomes as much as 500 times the
volume at the leower end portion of the riser pipe 11.

[ 0095]

This enables the Dbubble 1ift svstem 10 to 1lift a
to-be-lifted substance in & deep water regiocon, which is
tremendously deeper than in the case of the conventional
technigue. In addition, this produces an effect of enabling
efficient 1ifting by reducing a pressure loss that is
substantially proportional to a sguare of the flow velocity.

For example, the bubble 11ft of slurry having more than Ltwo Limes
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CLAIMS [Claim 1] A bubble lift system for lifting a solid substance or liquid substance on a water
bottom or under the water bottom through a riser pipe to a vicinity of a water surface, the bubble lift
system configured to inject a gas into a lower side portion of the riser pipe to cause the gas in a bubble
form to rise, and, by making use of an effect that the bubbles produce by reducing the pressure of a
fluid column inside the rise pipe, suck a to-be-lifted substance into the riser pipe at a lower end portion
of the riser pipe and lift the to-be-lifted substance to a place above the water surface, characterized in

that a pressurized chamber is grovided at an upper end portion of the riser pi%e, and the
pressurized thaittier applied B3presdureto™SF tigpéerpdrtion ifsiae theFier pipe to-thefedy suppress

an increase in ﬁé@@;ﬂ% xatio, of the; bubbles to.-a fluid mixturesing inside. the riser pipe in a shallow
water region. [Claim 2] The bubble lift system according to claim 1, characterized in that an
upper sidel pottidn of the riser pipe is provided with a deaerator configured to generate a rotational flow

of _the fluid mix.ture gsirn i‘pg;:de %he ri;eql @igg to tg%reé:);_/ atger hf pgb%e& nd as t%W%I’SdS a svyirl

axis by a centrlfuggﬁ ef?g?:t, and tgdlosc%arge the gat%eré%%ul%bﬁes and gasc%?hg ou‘fsﬁe of the riser

pipe from a Yentilatior:pipehawing amoepeningpaittionapthe switl@xis: ion of the riser
pipe 11 but also several locations in a shallow water region
can be set as locaticns where the bubble ratio reaches the
maximum. Thus, the volume ratioc occupied by bubbles can be made
uniform in the whole riser pipe 11 from the deep water region
to the shallow water region. BAs a result, the bubble ratio can
be increased on average without an increase in the maximum flow
velocity.
[ 0097

This makes it possible to lower the flow velocity in the
whole riser pipe 11, especially, the flow velocity at the upper
end portion of the riser pipe 11 significantly. Thus, the
eresion problem is drastically reduced. As a result, the riser
pipe 11, a portiocn connecting the upper end of the riser pipe
11 to the downstreamprocess, and the like can be formed by using
a metal having lower hardness, using a lightweight material ox
a corresion resistant material such as a plastic or elastomer,
or using a coating material, a liner material, a vibration
control material, a vibration damping material, an elastic
material capable of absorbing deformation, or the like.
[ 0698]
This consequently produces an effect of enabling bubble

1ift in a deeper water region by using a lightweight riser pipe,
a cost down effect by use of an inexpensive corrosion resistant
coating or liner, and an effect of avoiding longitudinal

vibration resonance with wave periods, vortex-excited
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Claim 3] The bubble lift system according to claim 1 or 2, characterized in that an application
pressure of the pressurized chamber is set within such a preset pressure range that an injection
volume of the gas injected into the lower side portion of the riser pipe has no need to be controlled
dynamically according to a sucking condition, that a flow velocity of the fluid mixture is kept within a
predetermined range even when only surrounding water is sucked, and that even when only a
to-be-lifted substance is sucked, a design upper limit of specific gravity is still higher than the specific
gravity of the sucked substance. [Claim 4] The bubble lift system according to any one of claims 1 to 3,

characteriZEdPihthat™ ©the'presitife BY thd presstriZia dhanibet is ddiugdtb 1950 t§973, both
inclusive, of the hydrauliciRressute ofthe lowesead:portion of the fiser pina- 1k piate is

used on an innexr surface, or the like is made possible while
not needing an expensive and complicated riser tensioner,
telescopic Joint or the like.

[ 0G99

The 1ifting operation in the deep water region using the
bubkble 1ift zystem 10 and the bubble 1lift method having the
feoregoing configuration does not need highly-sophisticated
components or heavy components requiring motive power and
control, such as pumps and the like in a deep sea part or an
intermediate~depth water part. Moreover, since bubbles reduce
the specific gravity of a fluid mixture inside the riser pipe
11 to or beleow the specific gravity of surrounding liguid such
as seawater or water, it is possible to largely lower the design
load required for arigto support a resultant force of the weight
of the rise pipe 11 itself, a fluid weight, a tidal force and
the like.

[ 6100]

In additicon, an evacuation needs to be done when the
hydrographic conditions become blustery during the lifting
operation. According to the bubble 1ift system 10 and the
bubble 1ift method having the foregoing configuration, the
evacuation can be done only by pulling up the riser pipe 11 in
the exactly same manner as ina drilling rig of the conventional
technigue. Morecover, even when there occurs a situation where
an evacuation is done with components outside a ship detached
and left and where the left components cannct be retrieved
eventually, 1t 1is possible to eliminate or minimize the

possibility of leaving an expensive highly~sophisticated
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[Claim 5] The bubble lift system according to any one of claims 1 to 4, characterized in that the
gas separated in the pressurized chamber is recycled to a compressor while being still compressed, is
compressed again in the compressor, and is sent to a lower side of the riser pipe. [Claim 6] The
bubble lift system according to any one of claims 1 to 5, characterized in that a single-stage or
multi-stage upward flow weir, each stage of which includes a pressure container and a slurry pipe, is
provided downstream of the pressurized chamber in order to keep the pressure of the pressurized
chamber within a design range, and

component and the like.

[ 0101]

Further, the 1lift can be efficiently carried out with the

relatively~narrow riser pipe 11 having an equal diameter from

the lower end to the top end. For this reason, the lift in a

deep water region can be achieved by using, as it is, the riser

pipe 11 on the drilling ship or a drilling system for handling

the riser pipe 11 in the conventional technigue. Accordingly,

the development cost can be cut greatly.

INDUSTRIAL APPLICARILITY

[ 0102]

According to a bubble 11ft system and a bubble 1ift method

of the present invention, a pressurized chamber is provided at

an upper end portion of a riser pipe, whereby an increase in

the volume ratio occupied by bubbles at the upper end portion

of the riser pipe can be controlled within several ten times,

which is a practical level, even in bubble 1ift in a deep water

region. Thus, the system and method of the present invention

are applicable in all the industrial fields where a solid,

liguid, or slurry is lifted from & place such as a sea bottom,

lake bottom, river bottom, or the ground below them, the fields

including, for example, extraction of ocean bottom resources

such as sea-flcor hydrothermal deposit, manganese nodule,

methane gas hydrate, rare farth, rare metal, cobalt rich crust

or diamond; extraction of sand, gravel or tﬁe like; and dredging

for an installation work or an offshore structure or the like.

EXPLANATION OF REFERENCE NUMERALS

[ C103]

1 drill ship

2 sea surface (water surface)
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each stage of the upward flow weir keeps the pressure of a downstream side of the slurry pipe within a
preset pressure range by controlling the pressure of a gaseous portion in the pressure container
encompassing an upper end of the slurry pipe. [Claim 7] The bubble lift system according to claim
6, characterized in that a communication pipe through which the gaseous portion of the pressure
container of the upward flow weir and an upper portion of a U seal communicate with each other is
provided, and ‘the pressure of the gaseous portion of the pressure container is controlled by the U
seal provided in a single stage or multiple stages and using the pressure of a. liquid column. [Claim 8]
The bubbl€lift sysf&fr aceSrHiil t6"anyedné B Eldims 2 to 7, characterized, inthat  the bubbles or
gas dischaiged to the putside;qfithe Jiserpipe by the deaerator is recycled into the inside of the

pressurized chamber through a vented air conveyor pipe
11 riser pipe

12 collector

13 gas supply device

14 deaerator {vent system)

l4a outer wall

1l4b snall shape portion (velute portion)

ld¢ ventilation pipe

14d vented air conveycr pipe (vent-~dedicated pipe)
20 receiving apparatus

21 pressurized chamber (type additionally having a
gas-slurry separation function)

22n, 22B, 22C upward flow weir

2Z2a pressure container

22b slurry pipe

23 separation tank

24 U seal ligquid refill pump

25 U seal liguid refill pipe

26 U seal liquid pool

278, 27B U seal (air trap)

28A, 28B communicating pipe
A gas (bubble and gas)

B solid

C liguid (seawater)
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connected to the ventilation pipe. [Claim 9] The bubble lift system according to any one of claims 2

to V, characterized in that a multi-stage compressor is used to compress the gas separated in the
pressurized chamber and Al.recycled into the multi-stage compressor and to send the gas to the lower
side of the riser pipe again, and the bubbles or gas discharged to the outside of the riser pipe from

the ventilation pipe by the deaerator is recycled through a vented air conveyor pipe connected to the
ventilation pipe to a stage in the multi-stage compressor having a higher pressure than that for the gas
from the p@%}g{géed chamber. [Claim 10] The bubble lift system according to any one of claims 2
to 7, characterized in that

[ Claim 1]

A bubble 1ift system for lifting a solid substance or
liquid substance on a water bottom cor under the water botiom
through a riser pipe toa vicinity of a water surface, the bubble
1ift system configured to inject a gas into a lower side portion
of the riser pipe to cause the gas in a bubble form to rise,
and, by making use of an effect that the bubbles produce by
reducing the pressure of a filuid column inside the rise pipe,
suck a to-be-1lifted substance into the riser pipe at a lower
end portion of the riser pipe and 1lift the to-be-lifted
substance tec a place above the water surface, characterized in
that

a pressurized chamber 1s provided at an upper end porition
of the riser pipe, and

the pressurized chamber applies a pressure to an upper
portion inside the riser pipe to thereby suppress an increase
in a volume ratio of the bubbles to a fluidmixture rising inside

the riser pipe in a shallow water region.

[ Claim 2]

The bubbkble 1ift system accorxding to claim 1,
characterized in that

an upper side portion of the riser pipe 1s provided with
a deaerator configured to generate a rotational flow of the
fluid mixture rising inside the riser pipe to thereby gather
the bubbles and gas towards a swirl axis by a centrifugal effect,
and to discharge the gathered bubbles and gas to the outside
of the riser pipe from a ventilation pipe having an opening

porticon at the swirl axis,.



the deaerator is provided in a shallow waterregion where the pressure inside the riser pipe is made
higher than the pressure outside the riser pipe due to an effect by the pressurized chamber, and
discharges the bubbles or gas to water outside the riser pipe by using a pressure difference between
the inside and the outside. [Claim 11] A bubble lift method including: installing a riser pipe such
that the riser pipe extends from a vicinity of a water surface down to a water bottom or under the water
bottom; injecting a gas in the form of bubble into a lower side of the riser pipe to cause the bubbles to
rise; and by using an effect that the bubbles produce by reducing the pressure of a fluid column inside
the riser pipe, sucking a to-be-lifted substance, which is collected around a lower end of the riser pipe,
into a lowereng:side;of the riser pipe, and lifting a fluid mixture containing the to-be-lifted substance to
a receiving apparatus provided at an upper end of the riser pipe, characterized in that a

pressurized chamBérsprévidéd gt anldppeF 8fd Portion TF se. fiser Pipe appligs d préssufe to an upper

portion insjde the riser pipe, [Claim, 12] The bubble lift method according to claim 11,
characterized in that

an application pressure of the pressurized chamber is set
within such a preset pressure range that an injection volume
of the gas injected into the lowaer side portion of the riser
pipe has no need to be controlled dynamically according to a
sucking condition, that a flow velocity of the fluid mixture
is kept within a predetermined range even when only surrounding
water 1is sucked, and that even when only a to-be-lifted
substance 1s sucked, a design upper limit of specific gravity
is still higher than the specific gravity of Lthe sucked

substance.

[ Claim 4]

The bubble 1ift system according to any one of claims 1
to 3, characterized in that

the pressure of the pressufized chamber is adjusted to
1/50 to 1/3, both inclusive, of the hydraulic pressure of the

lower end porticn of the riser pipe 11.

[ Claim 5]

The bubble 1ift system according to any one of claims 1
to 4, characterized in that

the gas separated in the pressurized chamber is recycled
to a compressor while being still compressed, is compressed
again in the compresscr, and is sent to a lower side of the riser

pipe.
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a deaerator provided on an upper side of the riser pipe performs deaeration by removing part of the
bubbles or gas in the fluid mixture.

[ Claim &]

The bubble 1ift system according to any one of claims 1
to 5, characterized in that

a single-stage or multi-stage upward flow weir, each
stage of which includes a pressure container and a slurry pipe,
is provided downstream of the pressurized chamber in order to
keep the pressure of the pressurized chamber within a design
range, and

each stage of the upward flow weir keeps the pressure of
a downstream side of the slurry pipe within a preset pressure
range by controlling the pressure of a gaseous portion in the

pressure container encompassing anupper end of the slurry pipe.

[ Claim 7}

The bubkble 1ift system according to claim &,
characterized in that

a communication pipe through which the gaseous portion
of the pressure container of the upward filow weir and an upper
pertion of a U seal communicate with each other is provided,
and

the pressure of the gaseous portion of the pressure
container is controlled by the U seal provided in a single stage

or maltiple stages and using the pressure of a ligquid column.

[ Claim 8]

The bubble lift system according to any one of claims 2
to 7, characterized. in that

the bubbles or gas discharged to the outside of The riser
pipe by the deaerator 1s recycled intoe the inside of the

pressurized chamber Through a wvented air conveyor pipe
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connected to the ventilation pipe.

[ Claim 9]

The bubble 1ift system according to any one of claims 2
to 7, characterized in that

a multi-stage compressor is used to compress the gas
separated in the pressurized chamber and il recycled into the
multi-stage compressor and tTo send the gas to the lower side
of the riser pipe again, and

the bubbles or gas discharged to the outside of the riser
pipe from the ventilation pipe by the deasrator is recycled
through a vented air conveyor pipe connected to the ventilation
pipe to a stage in the multi-stage compresscr having a higher

pressure than that for the gas from the pressurized chamber.

[ Claim 10]

The bubble 1ift system according to any one of claims 2
to 7, characterized in that

the deaerator is provided in a shallow water region where
the pressure inside the riser pipe is made higher than the
pressure outside the riser pipe due tc an effect by the
pressurized chamber, and discharges the bubbles or gas to water
cutside the riser pipe by using a pressure difference betwesn

the inside and the outside.

{ Claim 11}

A bubble 11ft method including: installing a riser pipe
such that the riser pipe extends from a vicinity of a water
surface down toc a water bottom or under the water botiom;

injecting a gas in the form of bubble into a lower side of the
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riser pipe to cause the bubbles to rise; and by using an effect
that the bubbles produce by reducing the pressure of a fluid
celumn inside the riser pipe, sucking a to-be-lifted substance,
which is collected around a lower end of the riser pipe, into
a lower end side of the riser pipe, and lifting a fluid mixture
containing the to~be~lifted substance to a receiving apparatus
provided at an upper end of the riser pipe, characterized in
that

a pressurized chamber provided at an upper end portion
of the riser pipe applies a pressure to an upper portion inside

the riser pipe.

[ Claim 12]

The bubble lift method according to claim 11,
characterized in that

a deaerator provided on an upper side of the riser pipe
performs deaeration by removing part of the bubbles or gas in

the fluid mixture.
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