1 DESCRIPTION Title of Invention: LNG Ship Technical Field 5[0001]
The present invention relates to a LNG ship including a tank for
storing LNG (liquefied natural gas). The term "LNG ship" is used as
including not only a LNG carrier for cajrying LNG froma place where
it is produced to a place where it is consunmed but also a LNG FPSO

(Floating 10 LNG Production, Stor LPE oadi ng systen) in which
a LNG storage tank and a LNG |i qugﬁg%éﬂgﬁ {J}ht are nounted on a
barge and a LNG FSRU (Floating LNG Storage and Re-gasification Unit)
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(Floating LNG Storage and Re-gasification Unit) in which a LNG storage
tank and a re-gasification plant are mounted on a barge.
Background Art
15 [0002]

Under circumstances where the price of energy is rising worldwide,
development projects of a large-scale gas field of seabed far from land are
currently beginning in earnest. A LNG-FPSO used for this has functions of
liquefying gas, which is produced from a gas field of seabed, on the ocean to

20 produce LNG, storing the LNG in a tank, and loading it onto a LNG carrier.
(Note that a LNG-FSRU has a function of gasifying LNG received from a
LNG carrier to deliver the LNG to the land.)

[0003]

The LNG-FPSO includes a tank for storing a large amount of the

25 produced LNG, and as its tank structure, LNG tank technology, which has
been fostered in the construction of a conventional LNG carrier, is expected
to be adopted. However, since how the LNG storage tank is used is different
between the LNG-FPSO and the LNG carrier, care is nceded. In the case of
the LNG carrier, a phenomenon that a liquid cargo in the tank violently

30 sloshes (sloshing phenomenon) is unlikely to occur even at the time of heavy
weather because the LNG storage tank is used either in full load condition or

in unload condition and is never in half load condition. Only at the time of a



30 sl oshes (sloshing phenonenon) is unlikely to occur even at the
time of heavy weat her because the LNG storage tank is used either in
full load condition or in unload condition and is never in half |oad
condition. Only at the tine of a 2 cargo handling work, a liquid
| evel in the tank greatly changes, but since the cargo handling work
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between the LNG-FPSO and the LNG carrier trying to approach it to damage

the hull, or an accident such as the damage of the hull could occur due to

leakage of the liquid cargo from the loading arm. Therefore, in designing the

20 tank of the LNG-FPSO, it is necessary to take such risks into full
consideration.

Further, it is also necessary to take it into consideration that a future
LNG carrier is loaded with LNG from a LNG-FPSO on the ocean where the
weather condition is severe, and in particular, a measure against the sloshing

25  during the loading is required.

[0005]

LNG storage tanks conventionally used in LNG carriers include a
self-supporting spherical tank (MOSS type tank), a self-supporting prismatic
tank (SPB type), and a membrane tank, and it is expected that one of these

30 three tank types will be adopted also in the LNG-FPSO. Firstly, regarding
the self-supporting spherical tank, it is a self-supporting tank made of an
aluminum alloy and is supported in a hold formed by a double hull, via a



30 three tank types will be adopted also in the LNG FPSO. Firstly,
regardi ng the sel f-supporting spherical tank, it is a self-supporting
tank nade of an alum numalloy and is supported in a hold fornmed by a
double hull, via a 3 skirt extending fgomits equatorial portion. A
heat insulation layer is applied on an outer surface of the tank
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heat insulation layer provided on the outer surface of the tank is not damaged.

[0007]
Regarding the membrane type, on an inner surface of a hold

20 fabricated with a double hull structure, thin sheets {membranes) made of
nickel steel or stainless steel are affixed, with a heat insulation layer
therebetween, to form a LNG tank. This type is excellent in volumetric
efficiency because almost all the volume of the hold can be used as a tank
volume. On the other hand, it has a disadvantage that the membranes and the

25 heat insulation layer are likely to be damaged by the sloshing of a liquid
cargo. It also has a problem that a thermal insulation work, in particular, the
welding of the membranes is complicated and it requires a long period for
the construction.

Summary of the Invention
30 Technical Problem
[0008]
This invention relates to a LNG ship mainly having a membrane-type



This invention relates to a LNG ship nmainly having a nenbrane-type 4
LNG storage tank (that is, a LNG carrier, a LNG FPSO, a LNG FSRU)

and has an object to provide one which is excellent in volunetric
efficiency of the tank and in which sloghing of a liquid cargo does
not easily occur at the tinme of heavy weat her. 5 Means for Sol ving
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one t(aj;1k M&OforiSdly ifle slss Phgleapove, since not only the main tank

formed in the space of each quarter but also the box-shaped head tank
on the deck are luded, it is possible to obtain a large tank
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of a cargo reaches the head tank. In order to obtain a suf icient
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vol ume whef d dedls righerabovettheanbic timikngnd smedigtrial widthnghahhe mhantank.
is tall, and therefore, the height of the head tank 25 is preferably,
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tank. [00 I 8. a doubl e hull structure, and the main
tank can %%Jl} §B§g§5 ﬁcrﬁ?@ngi% Surrounded by the double hull structure
and an upper def})1(H0 l\/bre specifically, left and ri ght | ongi t udi nal

bul kheads can be pr ovigrdbed i.n the, space suirounded by e dogbl e hul |
structiure and t vegyince not only the main tank ormed 1n the space

of each quarter but also the box-shaped head tank.on the deck are included, it
is possible to obtain a large tank volume without making a hull itself large.
Further, the head tank is smaller in width than the main tank thereunder,
which has an advantage that sloshing does not easily occur when a liquid
20 level of a cargo reaches the head tank. In order to obtain a sufficient effect
of reducing the sloshing, the width of the head tank is preferably within a
range of about 50 to about 70 percent of the width of the main tank. The
head tank does not have a sufficient volume when it is short, while becoming
structurally unstable when it is tall, and therefore, the height of the head tank
25 is preferably within a range of 20 percent to 60 percent of the width of the
same tank.
[0011]
The hull can have a double hull structure, and the main tank can be
formed in a space surrounded by the double hull structure and an upper deck.
30 More specifically, left and right longitudinal bulkheads can be provided in
the space surrounded by the double hull structure and the upper deck, by
doing so, the space can be divided into three sections, namely, a center



doi ng so, the space can be divided into three sections, nanely, a
center 5 section and left and right side sections by the

| ongi tudi nal bul kheads, and the main tank can be fornmed in the center
section. In this structure, since the nmgin tank is protected by the
triple hull structure (that is, an outer board, an inner huII and
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LNG ship, the L orage tank is of the nenbrane type, and when
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In this LNG ship, the LNG storage tank is of the membrane type, and
when violent sloshing occurs, a membrane and a heat insulator are likely to
be damaged due to a pressure of a violently sloshing liquid cargo. On the
other hand, in an independent LNG storage tank, since a heat insulation layer

20 is on an outer surface of the tank, the heat insulation layer is not easily
damaged even when the sloshing occurs. For the sloshing, a position of a
level the liquid cargo in the tank is important, and it is thought that, when the
liquid level is between 20 percent to 80 percent of the depth of the tank, the
sloshing easily occurs and it is dangerous. Therefore, it is not preferable that

25 all LNG storage tanks are of the membrane type, and it is preferable that at
least one independent-type LNG storage tank, for example, an independent-
type self-supporting tank (Moss type) or an independent-type prismatic tank
(SPB type) 1s added. In case that such an independent-type tank is used in
the LNG-FPSO, LNG produced by a LNG production plant is stored in this

30 independent-type tank and then, when a considerable amount of the LNG is
stored, all the stored LNG is transferred to the membrane tank at once. By

doing so, it is possible to prevent the liquid level in the membrane tank from



25 all LNG storage tanks are of the nenbrane type, and it is
preferable that at |east one independent-type LNG storage tank, for
exanpl e, an i ndependent- type self-supporting tank (Moss type) or an
i ndependent -type prismatic tank (SPB tyge) i s added. I n case that
such an independent-type tank is used in the LNG FPSO, LNG produced

by a LNG production,plant is. stored.in this 30 independent-type tank
and "t hen, SWRAHE in aoHBIdrepub TOdUEHE! Brie e 4188 S or ed. a1 |t he
stored LN@y qfebggﬁﬁéﬁ%q[gﬁﬁilﬁl%snenbrane tank at once. By doing so,

it Is possi event t quid level in the nmenbrane tank from
6 staying in a Jfous liquid level zone for a long tine. Brief
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a schemat Fig.sl deFigedv of a LNG carrier.
[Fig. 3] is a cross-sectional view of a hull taken along A-A line in Fig.
1 or Fig. 4. ‘
[Fig. 4] is a schematic side view of a LNG carrier.
10 [Fig. 5] is a cross-sectional view of a LNG ship equipped with an
SBP tank.
Description of Embodiments
[0015]
Fig. 1 is a side view of a LNG-FPSO denoted by reference sign la,
15 according to this invention. Note that this ship is remodeled from a ship
which is originally a ship exclusive for crude oil/ore. Of course, it can be
newly built from the first. In its stern, there is an engine room 2, and an area
in front of the engine room 2 is a tank space 3. In the rear of an upper deck,
there is an accommodation area 4, and in front thereof, a LNG production
20 plant 5 is mounted. On a bow part, a turret 6 that a LNG-FPSO commonly
has is provided, and a mooring wire rope 7 extending from an anchor fixed
to the bottom of the sea is connected to this turret to perform various kinds of
works in a single-point mooring state. A riser pipe 8 rising from the bottom
of the sea 1s also connected to the turret, and natural gas collected from a gas
25 field is sent through this pipe to the LNG production plant 5 on board. The
natural gas is refined and liquefied here and sent to and stored in several
LNG storage tanks 16, 23 provided in the tank space 3. For the delivery of
the stored LNG, a LNG carrier is set alongside the LNG-FPSO (1a), and a
liquid cargo is loaded onto the LNG carrier by using a loading arm (not
30 shown) provided on the upper deck.
[0016]
Fig. 3 is a cross-sectional view of a center tank part of the LNG-



10[Fig. 5] is a cross-sectional view of a LNG ship equi pped with an
SBP tank. Description of Enbodi ments [0015] Fig. 1 is a side view of
a LNG FPSO denoted by reference sign 1 a, 15 according to this
invention. Note that this ship is renodeled froma ship which is
originally a Shlp exclusive for crude oil/ore. O course, it can be
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exclusive for crude oil/ore before the' renpdeling, is used as it

and a spa@®B. 12 between the outer hull and the tiner hull is used as a
seawat er bal | as@ aj;k A space surrounded by the inner 5 hull 11 and
t he upper deck ]1 partitioned into several sections by a pair of

left and right Tﬁ@%&ﬁﬂirﬁﬁé tope kheledls 61&eaék€blﬁ%ﬁfp'ﬁseﬁrﬁn§frﬁém tank 16a

bul kheads 15 as originally was in the ship exclusive for crude
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tank 162 o 5 be added to this hatch coaming and a ceiling is provided, whereby the
20 head tank 16b i1s formed. The head tank formed in this manner
communicates with a hole 18 (originally the hatchway) opened in the deck to
form one tank together with the main tank.
The main tank 16a is formed by forming a double bottom 19 and a
heat insulation layer 20 on inner sides of the left and right longitudinal
25 bulkheads 14 and by liquid-tightly covering the top by a membrane 21 of
Invar or the like. The reference sign 24 denotes a void space formed on a
lower side of the upper deck 13. Note that between the front and rear LNG
tanks, a cofferdam 22 is provided so as to be surrounded by the two transfer
bulkheads (see Fig. 1 and Fig. 2). The head tank 16b also has on its inner
30 surface a heat insulation layer 20 and a membrane 21.
The reference sign 25 denotes a reinforcing bracket provided around
the head tank.



is under the deck and a box-shaped head tank 16b on the deck. Wen

this ship was exclusive for crude oil/ore, a hatch (hatchway) for

| oadi ng ore was opened in the upper deck, and a hatch coam ng stood
to surround the hatchway. At the tinme of the renodeling, a side wall
is extended upward so as to be added to this hatch coam ng and a
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[0020]
Fig. 4 is a side view of a LNG carrier 1b according to this invention
(not having a production facility 5). This LNG carrier is also remodeled
from a ship exclusive for crude oil/ore, but may be newly built from the first.
25  This LNG carrier has none of the LNG production plant 5, the turret 6, and
the independent LNG tank 23 at the foremost part, but except for this, it has
the same structure as that of the above-described LNG-FPSO. A center tank
part of the LNG carrier is also the same as that of the aforesaid LNG-FPSO
and is as shown in Fig. 2 and Fig. 3 described previously. The left and right-
30 array sections 17 (originally crude oil tanks) are used as storage spaces of
freshwater, condensate, and so on in the LNG-FPSO, but they are used as

deep tanks for loading ballast in this LNG carrier.



Fig. 4is a side viewof a LNG carrier |b according to this invention
(not having a production facility 5). This LNG carrier is also
renodel ed froma ship exclusive for crude oil/ore, but may be newly
built fromthe first. 25 This LNG carriﬁr has none of the LNG
production plant 5, the turret 6, and the independent LNG tank 23 at
t he forenost pam0 Ett except for this, it has the same structure as
that of the abo % cribed LNG FPSO. A center tank part of the LNG

carrier is al sOWhen $REENGS éeﬁﬁfe_rgﬁ lé:it?e@{ﬂﬂ?fﬂ@ ﬁh%iﬁf%i%agps@oﬁ%he

shown in Fig. 2 and Fig. 3 described previously. T eft and right-.
30 array 6eeanoasmeasyrer against Ithe cslosleing is regidsgd slso usethea.NGocamyier

f . f h . d i LNG- FPSO, b
e reeq RE AR linuRP BVRR 8 56e s MG i Charlhas Eomesion g pn Atihogt Fi-
[0021]5 up leV¥en tAg UNG gRASHKY, tSedeodsiths HBeﬁNﬁrﬂ%som’ﬂ LSl R O

on the ocean, a neasure against the sl oshi ngi IS require i
0

also in the
LNG car r i eonyenawnallyhewheguadliggid| cargot ite loaded aink uaheadyegondition, the

zero to ap. .a t fhll- 5.up |lavel,. As {the.neasur hese. bal |

deer t ankloA Fiavid e 1EaroBNEIy 3ol a AR e oglgt GLRE, TG tank,
| oaded i nandl gagefneditheobenfeheof ‘%ﬁ?ﬁy' beuthe SRiDQehds Abadealdw in the
pool ed fromthe bottom of the LNGtank; and therefore, the center of
gravity obeghmisgi p Spasafcaldypéhe oshipnbeaemsagi ibottem-bpeey ftat@ apd its

peri ot bedafid! Colintheath PG ShEIRDR e B AR Bl Blibh Rages o
of the | sk dediquidatagbl viokmspsiging thehbMACrBink ((umeser, when

when the | oadi ng progresses thereafter, the liquid level In th
tank becothsslogdingrprogsessestthereafiemibe lisfuidrlgvel yn she dNGstank heeomes

vecores MhAE, S5%B0 D¢ kD uHcoEd st APhecqmend ¢ e

anount ofr(ﬂﬁ@\galts@ub'(ﬁle@g in the ballast tanks, and during the
| oadi ng of the LNG the seawater in the ballast tanks 17 is
di schHr ged out bBER] itt1e by little. This can avoid the bottom heavy

tate, reduce t ' faiha.:shi.p. | 9shicpg:
Fo02s] |l HiEhkyieh IO blhorind e B §F P DG B ot
?hi pt gat amdu@ﬁdjflr@agmteﬁ anphe imha@a&l&@t tN%mgﬁrSa@@eﬁu{jingl t%ne lfaiadiansg o¥ehe
whi Lo ¢ heL I BB GRAAT b dBa-pallassi LS o ds (BeqiATEon o LbaRE] RS by
bal | ast py:gyi : iq ot | 7 s :

i schar ged e it Rl A the' DR RRREY, SBRk FALR, He GRS fie ¥nip,

rel atjove zedsupplesdithplshoshimpt of the both ships and to prevent the
excessi ve forceqzic%ied to the loading arm [0024] 30Fig. 5 is a LNG
ship in which al ]storage tank 1 is configured by a self-supporting

Chape, sim ior 1 VR PRENAre e FAle chit, MR RRAICING g 0t o
loading arm can be prevented from receiving an excessive force during the
loading work where the LNG-FPSO gradually floats up while the LNG

25  carrier gradually sinks. Precisely, the seawater ballast previously loaded in
the deep ballast tanks 17 is gradually discharged during the loading work,
which enables to reduce a relative vertical displacement of the both ships and
to prevent the excessive force applied to the loading arm.

[0024]

30 Fig. 5 is a LNG ship in which a LNG storage tank 1 is configured by
a self-supporting prismatic (SPB-type) tank 30 instead of the membrane tank
16. A tank shape, similarly to the membrane tank in Fig. 3, is composed of a



10 main tank 30a under a deck and a head tank 30b on the deck.
Strength nmenbers 32 reinforcing tank walls 31 are provided on inner
surfaces of the tank and a heat insulation layer 33 is fornmed on
outer surfaces of the tank. The referengg sign 34 denotes support
bl ocks supporting a bottom portion 5 and side portions of the tank.

reror ane. T K SFRCHIUEE 3000 4 ACRHE R TR 7 Akl prrengen

occur at h’f@nbefm@frehﬁ@yafin\gea&ﬂteﬁzallﬁun faeé gré@ﬁi‘e@lsoﬁﬁﬁnépfsﬁﬁ@ces of the
bet ween the tank wal and | ongi t udi nal heads 14, so that the

| ongi t udi tank audl@éa@at, nastéahon leyer 3pt Isbfarmest an| owier exwpices wlethe tank.

wner o i gR Eeebmc sE o inrty S@?p?ﬁi bl bhasortiS R bRafh b3

Brief Desgpdpjiderpditionsf ef ﬂﬁ@@aﬂl@OZFﬁusth@pﬁh pth@bﬁ!f—@@p?B&lﬁg'}ﬁ'}é\‘ﬁatlc

carrier 10outer hull 11inner hull 213upper dec 20141 ongi t udi nal
bul khead t@k amsiead quhehmmm@mctag ayantadvantage ﬁhatntheaﬁlosmmg does

head tanky easily occur at the time of heavy weather. Further, spaces are formed
between the tank walls 31 and longitudinal bulkheads 14, so that the
longitudinal bulkheads are not susceptible to a low-temperature influence
10 from the LNG tank, which has a merit of widening a range where high-
tension steel is usable as the longitudinal bulkheads.
Brief Description of Reference

[0025]
1 LNG ship
15 la LNG-FPSO

1b LNG carrier
10 outer hull
11 inner hull
13 upper deck
20 14 longitudinal bulkhead
15 transfer bulkhead
16 LNG storage tank
16a  main tank
l16b  head tank
25 17 left and right side sections
18 hole
23 self-supporting prismatic LNG tank
30 self-supporting prismatic LNG tank
30a  main tank
30 30b  head tank



25171 eft and right side sections 18hol e 23sel f-supporting prismatic
LNG tank 30sel f-supporting prismatic LNG tank 30a nmai n tank 3030b
head tank 11 CLAIMS [Caim 1] A LNG ship conprising a LNG storage
tank of a nenbrane type, 5wherein the tgnk is conposed of a main tank
formed in a space of each quarter surrounded by a nultiple hull and a
box- shaped head tank provided on a demi ht above the tank and
smaller in wdth than the main tank, e main tank and the head
tank communicate with each other via a hole opened in the upper deck.
10 [Aaim2] A LNG ship conprising a self-supporting prismatic LNG
storage t Hakaim 1] \AﬁeLNr@ shife COBHN1SIBEconposed of a main tank

formed in a spa a nultiple hull and a
box- shaped heada%lﬁb %@3@%‘%@%&@3@@%@%&(&%0% the tank and

smal | es in w dtivHdrein tie tamk fis Yonysoded afid iinmaink fenkedid 4 Bpace of
head tank comunicate with each other via a hole opened in the upper

deck. [C ga¢h Jugrten swronndedc byr ai myltiplec hallmandoa box+ghepednhead tank

Wi dth of provided on a deck right above the tank and smaller in width than the main
tank, and the main tank and the head tank communicate with each other via a
hole opened in the upper deck.

10 [Claim 2] A LNG ship comprising

a self-supporting prismatic LNG storage tank,

wherein the tank is composed of a main tank formed in a space of
each quarter surrounded by a multiple hull and a box-shaped head tank
provided on a deck right above the tank and smaller in width than the main

15 tank, and the main tank and the head tank communicate with each other via a
hole opened in the upper deck. '
[Claim 3] The LNG ship according to claim 1 or 2, wherein the width of
the head tank is within a range of 50 percent to 70 percent of the width of the
main tank.,

20 [Claim 4] The LNG ship according to claim 1 or 2, wherein a height of
the head tank is within a range of 20 percent to 60 percent of the width of the
head tank.

[Claim 5] The LNG ship according to claim 1 or 2, wherein left and
right longitudinal bulkheads are provided in a space surrounded by the

25 double hull structure and the upper deck, the space is divided by the
longitudinal bulkheads into three sections, namely, a center section and left
and right side sections, and the main part tank is formed in the center section.
[Claim 6] The LNG ship according to claim 5, wherein the side section
is formed so as to be a condensate tank.

30 [Claim 7] The LNG ship according to claim 5, wherein the side section
is formed so as to be a deep tank for ballast.

[Claim &] The LNG ship according to claim 1, 2, 3, 4, 5, or 6,



the head tank is within a range of 50 percent to 70 percent of the
width of the main tank. 20 [C ai m 4] The LNG ship according to claim1
or 2, wherein a height of the head tank is within a range of 20
percent to 60 percent of the width of tfye head tank. [Cl ai m 5] The LNG
ship according to claim1 or 2, wherein left and right |ongitudinal

ot ruot ur e THBE GG ReduatRaE sl By Usiheiord B § LNEPPESO

structure upper ec

| ongi t udi p@laibuDkheadThenLNG Rhge agectdinpsto okiiel 8, cangeiding @ekhsoone
n part tank is forned in

and left an rigtt si.de sections, and the main p

the cent emchmd@m Lrﬂé siprags) tankeln adsldioptathe ENGdank ofl thepmsmbrane
wherein t éide section is formed so as to be a condensate tank. 30
[Cl aim7] PReLNG ship according to claimb5, wherein the side section
i's foryred[Glaias10p beTaedeBiGy ts@livg;h doeordiald astclain® i 2) 8] A5, LAIGTs haing
according to claim1, 2 4, 5, or 6, 12 conprising a LNG
productioHS%iEQEC@%HHHbLﬁggused as a LNG FPSO. [d ai m 9] The LNG ship
according to claim8, conprising at |east one independent LNG storage
tank in addition to the LNG tank of the nmenbrane type. 5 [C aim

10] The LNG ship according to claim1l1, 2, 3, 4, 5, or 7, being used

for carrying LNG



