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5  FIELD OF THE INVENTION
The present invention relates to natural gas transportation systems and, more specifically,
to the transport of compressed natural gas over water by ship.

BACKGROUND OF THE INVENTION
10 There are four known methods of transporting natural gas across bodies of water. A first
method is by way of subsea pipeline. A second method is by way of ship transport as liquefied
natural gas (LNG). A third method is by way of barge, or above deck on a ship, as compressed
natural gas (CNG). A fourth method is by way of ship, inside the holds, as refrigerated CNG or
as medium conditioned liquefied gas (MLG). Each method has its inherent advantages and
15 disadvantages.

Subsea pipeline technology is well known for water depths of less than 1000 feet.

However, the cost of deep water subsea pipelines is very high and methods of repairing and

maintaining deep water subsea pipelines are just been pioneered. Transport by subsea pipeline

20 is often not a viable option when crossing bodies of water exceeding 1000 feet in depth. A
further disadvantage of subsea pipelines is that, once laid, it is impractical to relocate them.

The liquefaction of natural gas greatly increases its density, thereby allowing a relatively
few number of ships to transport large volumes of natural gas over long distances. However, an
25 LNG system requires a large investment for liquefaction facilities at the shipping point and for
regassification facilities at the delivery point. In many cases, the capital cost of constructing
LNG facilities is too high to make LNG a viable option. In other instances, the political risk at
the delivery and/or supply point may make expensive LNG facilities unacceptable. A further
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i gh o maike LGRS AT ol Gyl doRfes developed o i afltnbh el | O
the dél i vefor naturdl gas as refiigeratesliCNG andigs presswrized MG | Thesd iNéthodsoiere deseribed by
unaccept abies e 4 Biieker Hheir Director of Process Engineering, in an article published in 1974 entitled
“CNG and MLG - New Natural Gas Transportation Processes.” The CNG required the
refrigeration of the gas to -75 degree fahrenheit and pressurization to 1150 psi before placing into
pressure vessels contained within an insulated cargo hold of a ship. No cargo refrigeration
10 facilities were provided aboard ship. The gas was contained in a multiplicity of vertically
mounted cylindrical pressure vessels. The MLG process required the liquefaction of the gas by
cooling to -175 degrees fahrenheit and pressurization to 200 psi. One disadvantage of both of
these systems is the required cooling of the gas to temperatures sufficiently below ambient
temperature prior to loading on the ship. The refrigeration of the gas to these temperatures and
15 the provision of steel alloy and aluminum cylinders with appropriate properties at these
temperatures was expensive. Another disadvantage was dealing with the inevitable expansion
of gas in a safe manner as the gas warmed during transport.

In 1989 United States Patent 4,846,088 issued to Marine Gas Transport Ltd. which

20 described a method of transporting CNG having the storage vessel disposed only on or above the

dgck of a seagoing barge. This patent reference disclosed a CNG storage system that comprised

a plurality of pressure bottles made from pipeline type pipe stored horizontally above the deck

of the seagoing barge. Due to the low cost of the pipe, the storage system had the advantage of

low capital cost. Should gas leakage occur, it naturally vented to atmosphere to obviate the

25 possibility of fire or explosion. The gas was transported at ambient temperature, avoiding the

problems associated with refrigeration inherent in the Columbia Gas Service Corporation test

vessel. One disadvantage of this method of transport of CNG described was the limit to the

number of such pressure bottles that could be placed above deck and still maintain acceptable

barge stability. This severely limits the amount of gas that a single barge can carry and results

30 in a high cost per unit of gas carried. Another disadvantage is the venting of gas to atmosphere,
which is now viewed as unacceptable from an environmental standpoint.
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10 disadvantage was the limited seaworthiness of the multi-barge shuttles. The need to avoid heavy
seas would reduce the reliability of the system. A further disadvantage was the complicated

matiﬁg system which would adversely affect reliability and increase cost.

Marine transportation of natural gas has two main components, the over water
15 transportation system and the on shore facilities. The shortcoming of all of the above described
CNG transport systems is that the over the water transportation component is too expensive for
them to be employed. The shortcoming of LNG transport systems is the high cost of the shore
facilities which, on short distance routes, becomes the overwhelming portion of the capital cost.
None of the above described references addresses problems associated with loading and

20 unloading of the gas at shore facilities.

SUMMARY OF THE INVENTION
What is required is an over water transportation system for natural gas which is capable
of utilizing shore facilities which are much less expensive than LNG liquefaction and
25 regassification facilities or CNG refrigeration facilities, and also provides for over water transport
of near ambient temperature CNG, that is less expensive that the prior art.

According to the present invention there is provided an improvement in over water CNG

transport that utilizes a ship having a plurality of gas cylinders. The gas pressure in the cylinders

30 would, preferably, be in the range of 2000 psi to 3500 psi when charged and in the range of 100
to 300 psi when discharged. The invention is characterized by the plurality of gas cylinders
configured into a plurality of compressed gas storage cells. Each compressed gas storage cell
consists of between 3 and 30 gas cylinders connected by a cell manifold to a single control valve.
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With the ship based system for compressed natural gas transport, as described above, the
on shore facilities mainly consist of efficient compressor stations. The use of both high and low
pressure manifolds permits the compressors at the loading terminal to do useful work
compressing pipeline gas up to full design pressure in some cells, while the cells are filling from
the pipeline; and at the unloading terminal do useful work compressing the gas of cells below
pipeline pressure while some high pressure storage cells are simultaneously producing by
blowdown. The technique of opening the storage cells in sequence by groups, one after another,
so timed that the backpressure on the compressor is at all times close to the optimum pressure,

minimizes the required compression horsepower.

Although beneficial results may be obtained through the use of the shp based system for
compressed natural gas transport, as described above, even more beneficial results may be
obtained by orienting the gas storage cells in a vertical manner. This vertical orientation will
facilitate the replacement and maintenance of the storage cells should it be required.

Although beneficial results may be obtained through the use of the ship based system for
compressed natural gas transport, as described above, the safe ocean transport of the CNG, once
loaded, must also be addressed. Even more beneficial results may, therefore, be obtained when
the hold of the ship is covered with air tight hatch covers. This permits the holds containing the
gas storage cells to be flooded with an inert atmosphere at near ambient pressure, eliminating fire
hazard in the hold.

Although beneficial results may be obtained through the use of the ship based system for
compréssed natural gas transport, as described above, adiabatic expansion of the CNG during the
delivery process results in the steel bottles being cooled to some extent. Itis desirable to preserve
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Although beneficial results may be obtained through the use of the ship based system for
compressed natural gas transport, as described above, in some markets a continuous supply of
natural gas is crucial. Even more beneficial results may, therefore, be obtained when sufficient
CNG ships of appropriate capacity and speed are used so that there is at all times a ship moored

and unloading.

Although beneficial effects may be obtained through the use of the ship based system for
compressed natural gas transport, as described above, there is a considerable pressure energy on
the ship that could be used at the discharge terminal to produce refrigeration. Even more
beneficial effects may, therefore, be obtained when an appropriate cryogenic unit at the unloading
terminal is used to generate a small amount of LNG. This LNG, produced during a number of
ship unloadings, will be accumulated in adjacent LNG storage tanks. This supply of LNG can
be used in the event of an upset in CNG ship scheduling.

Although beneficial effects may be obtained through the use of the ship based system for
compressed natural gas transport, as described above, some markets will pay a premium for
peak-shaving fuel (i.e., fuel delivered during the few hours per day of peak demand). Even more
beneficial results may, therefore, be obtained if the main manifold system and unloading
compressor station are so sized that the ship can be unloaded in the peak time, which is typically
4 to 8 hours.
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teachings of the ship based system for compressed natural gas transport.

10

FIGURE 2b is a top plan view in longitudinal section of the ship illustrated in FIGURE
2a.

FIGURE 2c is an end elevation view in transverse section taken along section lines A-A
15 of FIGURE 2b.

FIGURE 3 is a detailed top plan view of a portion of the ship illustrated in FIGURE 2b.

FIGURE 4a is a schematic diagram of a loading arrangement for the ship based system
20 for compressed natural gas transport.

FIGURE 4b is a schematic diagram of an unloading arrangement for the ship based
system for compressed natural gas transport.

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
The preferred embodiment, a ship based system for compressed natural gas transport
generally identified by reference numeral 10, will now be described with reference to
FIGURES 1 through 4b.

30 Referring to FIGURES 2a and 2b, ship based system for compressed natural gas
transport 10 includes a ship 12 having a plurality of gas cylinders 14. The gas cylinders are
designed to safely accept the pressure of CNG, which may range between 1000 to 5000 psi, to
be set by optimization taking into account the cost of pressure vessels, ships, etc. and the physical
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and 30 gas cylinders 14 connected by a cell manifold 18 to a single control valve 20. Referring
to FIGURES 2a and 2c, gas cylinders 14 are mounted vertically oriented, for ease of replacement,
within a hold 22 of ship 12. The length of cylinders 14 will typically be set so as to preserve the
10 stability of ship 12. The holds 22 are covered with hatch covers 24 to keep out seawater in heavy
weather, but also to facilitate cylinder changeout. Hatch covers 24 will have airtight seals to
enable holds 22 to be flooded with an inert atmosphere at near ambient pressure. The holds 22
are serviced by a low pressure manifold system 42, as shown in FIGURE 2a, to provide initial
flood and subsequent maintenance of the inert gas atmosphere.
15
The present invention contemplates little or no refrigeration of the gas during the loading
phase. Typically the only cooling involved will be to return the gas to near ambient temperature
by means of conventional air or seawater cooling immediately after compfession. However, the
lower the temperature of the gas, the larger the quantity that can be stored in the cylinders 14.
20 Because of adiabatic expansion of the CNG during the delivery process, the steel cylinders 14
will be cooled to some extent. It is desirable to preserve the coolness of this thermal mass of
steel for its value in the next unloading phase, in typically 1 to 3 days time. For this reason,
referring to FIGURE 2c, both holds 22 and hatch covers 24 are covered with a layer of
insulation 26. |
25
Referring to FIGURE 3, a high pressure manifold 28 is provided which includes a
valve 30 adapted for connection to shore terminals. A low pressure manifold 32 is provided
including a valve 34 adapted for connection to shore terminals. A submanifold 36 extends
between each control valve 20 to connect each storage cell 16 to both high pressure manifold 28
30 and low pressure manifold 32. A plurality of valves 38 control the flow of gas from
submanifold 36 into high pressure manifold 28. A plurality of valves 40 control the flow of gas
from submanifold 36 into low pressure manifold 32. In the event that a storage cell must be
rapidly blown down when the ship 12 is at sea, the gas will be carried by high pressure
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presete can pass directly through the shipping terminal (3) to the low pressure manifold 32 to raise a

small number of the cells 16 to the pipeline pressure from their “empty” pressure of about

200 psi. Those cells are then switched to the high pressure manifold 28 and another small

number of empty cells are opened to the low pressure manifold 32. The larger portion of the
pipeline gas is compressed to high pressure at the shipping point compression facility (2). Once

15 the gas is compressed it is delivered via a marine terminal and manifold system (3) to the high
pressure manifold 28 on the CNG Carrier (4) (which in this case is ship 12), whence it brings

those cells 16 connected to it up to close to full design pressure (e.g., 2700 psi). This process of
opening and switching groups of cells, one after the other, is referred to as a “rolling fill.” The
beneficial effect is that the compressor (2) is compressing to its full design pressure almost all

20 the time which makes for maximum efficiency . The CNG Carrier (4) carries the compressed
gas to the delivery terminal (5). The high pressure gas is then discharged to a decompression

facility (6) where the gas pressure is reduced to the pfessure required by the receiving
pipeline (9). Optionally the decompression energy of the high pressure gas can be used to power

a cryogenic unit to generate a small portion of LPG, gas liquids and LNG (6) which can be stored

25 and the gas liquids and LNG regassified later (8) as required to maintain gas service to the
market, At some point during the delivery of the gas, the gas pressure on the CNG Carrier will

be insufficient to deliver gas at the rate and pressure required. At this time the gas will be sent

to the delivery point compression facility (7) where it will be compressed to the pipeline (9)
required pressure. If the above process is carried out with small groups of cells 16 at a time, a

30 “rolling empty” results which will, as above, provide the compressor (7) with the design back

pressure most of the time and hence use it with maximum efficiency.
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5 of service as a natural gas pipeline. In an important alternative embodiment, the ship’s manifolds
and delivery compression station (7) can be so sized that the ship’s cargo can be unloaded in a
relatively short time, say 2-8 hours, typically 4 hours, versus one-half to three days, typically
one day normal unloading time. This alternative would permit a marine CNG project to supply
peak-shaving fuel into a market already possessed of sufficient base load capacity.

10
It will be apparent to one skilled in the art that modifications may be made to the
illustrated embodiment without departing from the spirit and scope of the invention as hereinafter
defined in the Claims.
15
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conpressed natural gas transport, as described above, there is a

consi derabl e pr r t he ship that could be used at
the di scharge tgfﬁ#m%ﬁﬁé&?mmmwmemmmausm
benef i ci al PROPERTY'OR PRIVILHGE 15 CLAIMES ARE DEFARER ASPALROWS! ©

I's used TO

cryogenic unit at the unl oadi ng term na geherate a
smal | amount of LNG This LNG produced during a nunber of shi p
unl oadi ngs, w | Iy be ém émgss@&i NG storage tanks. This supply
of LNG can L. @g use@ilaﬂn e e%%n an upset in CNG ship

scheduPi ng. axhip, said ship having #tiledstomgleatgehold; ci al ef fects nmay be obt ai ned

t hrough the use of, the ship ed system faqr ) conpressed natural
gas transport, aaspl'ﬂEQXPfﬁaé&y ?%@WE@F&?E@%‘W%“W@W@M
peak- shavi ngankputableiwithin ot tt\mde bf 34RY 4 YeaStliinke Bargh REI] €W hours per day of
peak demand). Even nore beneficial results may, therefore, be

obtained if the SAdipHralitnofass avlisers beingermfigured tntn apjurality of compressetga stemger
L 7 P g e B bl % il
10 a cell manifold constructed and arranged to connect each of said plurality of gas cylinders
in a gas storage cell to a single cell control valve;
a high pressure manifold, said high pressure manifold including means for connection to
shore terminals;
a low pressure manifold, said low pressure manifold including means for connection to
15 shore terminals; and
' a submanifold, said submanifold extending between each of said single cell control valves
to connect each of said compressed gas storage cells to both said high pressure manifold and said
low pressure manifold; and
a plurality of valves for controlling the flow of gas through said high pressure manifold
20 and said low pressure manifold. _
2. The system for compressed gas transport as defined in Claim 1, wherein said
plurality of gas cylinders are vertically oriented within said at least one cargo hold.
3. The system for compressed gas transport as defined in Claim 2, wherein said at
least one cargo hold is covered with at least one air tight hatch cover;
25 thereby enabling said at least one cargo hold to be flooded with an inert atmosphere at
near ambient pressure.
4. The system for compressed gas transport as defined in Claim 3, wherein said at
least one cargo hold and said at least one air tight hatch cover are thermally insulated.
S. The system for compressed gas transport as defined in Claim 2, wherein each of
30 said at least one cargo hold is fitted with gas leak detection equipment;
so that leaking compressed gas storage cells can be isolated and vented through said high
pressure manifold to a venting/flare boom.
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BRI EF DES@BEE;E&@&SQE;.R&:EWAW NGS These and ot her features of

the inventi nore apparent fromthe foll ow ng
descrlptlo
S a.flow chart setting forth the operation of a

rence 1s nade to the appended draw ngs, wherein:
Shl p based systemfor conpressed natural gas transport.

FIGURE 2a is ‘?Iqlg.},ﬂig”el evational view in section of a ship eGi¢rBaiieia
accordance w teachi ngs of the ship based systemfor

conpressed natural gas transport. 10 FIGURE 2b is a top plan
view i n | ongitudibnal Fbesystem §or ¢dmpressedogas! transport be defined fh @laim 1, wherein £a.

plurality of ships are used to provide a continuous supply of compressed gas.
7. The system for compressed gas transport as defined in Claim 22, wherein a
portion of said compressed gas contained in said gas storage cells is directed to a cryogenic unit;
5 whereby said cryogenic unit is constructed and arranged to produce low pressure gas, gas
liquids and LNG;
said gas liquids and said LNG to be accumulated in at least one storage tank.
8. The system for compressed gas transport as defined in Claim 1, further including
an on shore unloading compressor station;
10 said manifolds and said unloading compressor station constructed and arranged to unload
said ship during the time of peak demand for compressed gas.
9. A system for compressed gas transport comprising:
a ship, said ship having at least one cargo hold;
a plm'ality of gas cylinders, said plurality of gas cylinders constructed and arranged to fit
15 within said at least on cargo hold of said ship;
said plurality of gas cylinders being configured into a plurality of compressed gas storage
cells, each of said compressed gas storage cells including between 3 and 30 of said plurality of
gas cylinders;

each of said plurality of gas cylinders within said compressed gas storage cell being
20 connected by a cell manifold to a single cell control valve;
said plurality of gas cylinders being vertically oriented within said at least one cargo hold;
each of said at least one cargo hold being covered with at least one air tight hatch cover
whereby each of said at least one cargo hold can be flooded with an inert atmosphere at near
ambient pressure;
25 each of said at least one hatch cover and each of said at least one cargo hold being
thermally insulated;
a high pressure manifold, said high pressure manifold including means for connection to
shore terminals;
a low pressure manifold, said low pressure manifold including means for connection to
30 shore terminals;
a submanifold extending between each of said single cell control valves to connect each
of said compressed gas storage cells to both said high pressure manifold and said low pressure

manifold;
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FIGURE 2c is an end elevational viewin transverse section taken along
section lines A-A 15 TthheEIH&EEnR laced FIGURE 3 is a
detailed top plan view of the ship illustrated in FI GURE 2b.
FIGURE 4a is a schematic oadi ng arrangenment for the ship

based system 20 for corrpresse a ural gas transport.
FI GURE 4b i sy@9onmemratic di agram of an unl oadi ng arrangerrerp‘c-r;lﬁ;‘,ﬁm ship
based systemfor conpressed natural gas transport.

DETAI LED DESCRI PT O\l THE PREFERRED. ENBODI VENT ... _The
preferred embodf V@Gﬁﬁb‘é’?@éﬁ% ﬁprwmd@s&mmhsmmmm
transport manifoldanaeﬂa!l&ﬂ/ sguﬁ_e‘g;,d,fdl@d by reference nuneral 10, will now be
described with reference 1o FI GURES 1 through 4b. 30

Referring to FI exgkeof said atdeastane catgoholdchaving aymanifold wrprovidoaemitiad flo6d !
gas subsequent maintenance of said inert gas atmosphere; and

5 each of said at least one cargo hold being fitted with compressed gas leak detectors so that
leaking compressed gas storage cells can be isolated and said leaking compressed gas vented
through said high pressure manifold system to a vénting/ﬂare boom.

10.  Incombination:
a. a shore terminal; and
10 b. a ship based system for compressed gas transport, said ship based system
including:
a plurality of gas cylinders, said plurality of gas cylinders being configured into
a plurality of compressed gas storage cells, each of said compressed gas storage cells including
between 3 and 30 gas cylinders, said between 3 and 30 gas cylinders being connected by a cell
15 manifold to a single cell control valve;
a high pressure manifold including means for connection to said on shore
compressor station;
a low pressure manifold including means for connection to said on shore
compressor station; and
20 asubmanifold extending between each of said single cell control valves to connect
each of said compressed gas storage cells to both said high pressure manifold and said low
pressure manifold; and
| a plurality of valves for controlling the flow of compressed gas through said high
pressure manifold and said low pressure manifold.
25 Please add the following claims:
11.  The transport system for compressed gas as defined in Claim 5 further mcludmg
means for flushing said cargo hold in which a leak has been detected.
' 12.  The system for compressed gas transport as defined in Claim 1 wherein said
plurality of gas cylinders will contain gas at between 1000 and 5000 psi.
30 13. A method for filling a ship-borne storage system with compressed gas from a
supply pipeline, said ship-borne storage system including a plurality of gas cylinders organized
into cells, a high pressure manifold, a low pressure manifold, and a submanifold connecting said
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transport 10 includes a ship 12 having a plurality of gas cylinders 14. The

gas cylinders are Thltﬁbs Mﬂzeﬁ er accept the pressure of CNG
whi ch may range between 10 be set by
opt:i m zation taking into a of pressure vessels, ships, etc.

and the physi cal - 6-

properties ofwép,el@s. It is preferred that the val ues be i pcichgosharge of
2500 to 3500 psi cylinders 14 are cylindrical steel pipes in 30

to 100 foot Ien?t hs. A preferred length is 70 feet | ong. The pi pes
will be cappells lindersyto saig high and/Jewtiresgure manifolds dhemetbod comprisingthoxsseps
ends. S of The plurality of gas cylinders 14 are configured into
a plurality of conpressed gas storage cells 16. Referring to FlI GURE

3, each of conprassedeesivingtompaessedgal from ke supply pipelinecdt a sriplyepipelihe pressure;

b. conducting a portion of said compressed gas received from the supply pipeline

5 at said supply pipeline pressure to partially fill a first cell of substantially empty gas cylinders
through the low pressure manifold; |

c. compressing a portion of said compressed gas from said supply pipeline to a
pressure that is higher than said supply pipeline pressure;

d switching said first cell of gas cylinders at said supply pipeline pressure to said

10 high pressure manifold and thence conducting gas therethrough at said higher pressure to
continue to fill said first cell of gas cylinders;

e. conducting a portion of said compressed gas received from the supply pipeline
at said supply pipeline pressure to a second cell of substantially empty gas cylinders; and

continuing steps ¢, d, and e until all cells of gas cylinders are filled with compressed gas

15 at said second higher pressure.

14.  Amethod foremptying a ship-borne storage system for compressed gas into a first
delivery pipeline and at least one second delivery pipeline, said ship-borne storage system
including a plurality of gas cylinders organized into cells, a high pressure manifold, at least one
other manifold, and a submanifold connecting said gas cylinders to said high pressure manifold

20 and said at least one other manifold, the method comprising the steps of:

a. connecting a first cell of gas cylinders to the first delivery pipeline;

b. conducting a portion of said compressed gas to partially empty the first cell of gas
cylinders through the high pressure manifold at the ship-bome pressure to the first delivery
pipeline;

25 c. connecting said first cell of gas cylinders to at least one second delivery pipeline;

d. expanding the remainder of the compressed gas in the first cell of cylinders to at
least one lower pressure for both continuing to empty the first cell of cylinders and supplying the
gas to at least one second delivery pipeline;

e. connecting the first delivery pipeline to a second cell of gas cylinders;

30 f. conducting a portion of said compressed gas from the second cell of gas cylinders
to the first delivery pipeline at said ship-borne pressure;

continuing steps ¢, d, e, and funtil all of the gas cylinders bomne by the ship have emptied
their compressed gas into either the first delivery pipeline or at least one second delivery pipeline.

—_—
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and 30 gas cylinders 1%%%9&%§Qenb&glace¢ell nmanifold 18 to a single control

valve 20. Referring 2a and 2c, gas cylinders 14 are
nmounted vertically ori enmm\ﬂl 0
22 of ship 12. The | engt S 14 will typically be set so as to

repl acenent, within a hold
preserve the 10 stability of ship 12. The holds 22 are covered with
hat ch cover swd41ae71%eep out seawater in heavy weat herryisbéiéi2fd SO t o
facilitate cylinder changeout. Hatch covers 24 will have airtight seals to

enabl e holds 22:to be.f| ogded with an_jner t npsphere at near anbient .
pressure. The hc#'ds @em&s”wﬁ“&d%%%éé“ﬁwgﬂmmm@sMAw@
system 42, adinbativaliy expand barifgrthe ship EMpthing\probessi Ni ti al flood and
subsequent rmai nt gnanc of the inert gas atnosphere. The

15
present inventi df coltespsthodeas defined in Clainy S whereinythe adiabaticodxpaimsiorgefssaftlir i ng
the | oadi ng, dapﬂq@éf‘ﬁtoaim : coolina i nvalved will be to
return_the aglgrq[s%e ngear anbi ent sf[i? %F%'P‘S’Fgﬂwedg%cﬂg@%?ﬁs of conventi onal

iai r or? ﬁeavvat er theeehill ngvmm@lmﬁaﬁ lisenmmﬁmmcmﬁm/@%m gaﬁd?ﬁgders
ower the t t as, the larger the quantity that can be
RN Yl oG iiea g

stored in t Because of adiabatic expansion of the

CNG during the d@) i vEhymphodSfinédieChine 26 whdtbin 868 61 ¥maintained unti mekﬁi he
cooled to sone extent It is desirable tqg preserve the coolness of t |g'

ther mal naodmgstorage system igfeimpedtp a supply pipeling. i n t he next I'oadi ng phase, in

typically 1 to 3gd ing to.Fl GURE
ypi cal l'y 0 3g ayi&;gttﬂg%ffr%mr:é;h bR Sora e syster %Eg&ﬁér;e'” gfsoﬁ-oma

2c, both holds 22 and h _cove are cove
i nsul & on sepply pipeline and emptying said ship-bsese storage system ifito@ fies dalivety pipelineindas ur e

T 1 ek S Bl Wl e e Kl ke

i ncl udi ng aylisdersorddnipstipinteectlls,Od hiph piesirt Auntfolds Aolesst bfié BikeRnAnifdld, and a
submani fold 36 e I nds ., ] bet ween each control valve 20 to connect

each storag® ‘E‘E‘}i‘(’ di‘@"{‘?‘i%ﬁ‘fi &7 GHINger do,spicthigh and s3idcpt Jegst one other manifold, the

. method comprising the steps of: -

15 a. receiving compressed gas from the supply pipeline at a supply pipeline pressure;

b.  conducting a portion of said compressed gas at the supply pipeline pressure to

partially fill a first cell of substantially empty gas cylinders through said low pressure manifold;

c. compressing a portion of said compressed gas from said supply pipeline to a

pressure that is higher than said sﬁpply pipeline pressure;

20 d. switching said first cell of gas cylinders at said supply pipeline pressure to said
high pressure manifold and thence conducting gas therethrough at said higher pressure to
continue to fill said first cell of gas cylinders;

e. conducting a portion of said compressed gas received from the supply pipeline
at said supply pipeline pressure to a second celi of substantially empty gas cylinders;

25 f. continuing steps ¢, d, and e until all cells of gas cylinders borne by the ship one
filled with compressed gas at said second higher pressure;

g. transporting the filled cells of gas cylinders;
h. connecting a third cell of gas cylinders to the first delivery pipeline;
i conducting a portion of said compressed gas to partially empty the third cell of

30 gas cylinders through the high pressure manifold at the ship-borne pressure to the first delivery
pipeline;

j connecting said third cell of gas cylinders to at least one second delivery pipeline;
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30 and Iow pressure menifold 32. A pI urality of valves 38 control the
of gas from This Steet blavBaeh é c®6 into high pressure manifold 28. A

flo
pl ural Ty of valves 40 c / of gas from subnani f ol d
36_into | ow pressure mani e event that a storage cell nust be

rapidly bl own down when the s |p 'S at sea, the gas will be carried by
hi gh pressur PCT/IBY6/0127T4  ~ -
mani fol d 28 9<':1m§‘/6ent| ng boom 44 and thence to a flare 46, as Illustrated
in FIGURE 2a. |If the engi nes of the ship 10 are designed to burn

nat ur al gas ei tlher tehpnﬂmgﬁmhndapfﬁassmmsm&gﬁsdtﬁeﬂmdceﬁoﬁnjlﬁdmm/ay it
fromthe cq

i ntegrated & ‘!!3 %‘?IPWSf Plgﬁuﬁ,fgf bath WWH@E P'iyi#d@ﬁ ﬁ‘?erd fidets d“dT‘J‘glglyit‘)’g

the gas to at least one delivery pipeline;
1 connecting the first delivery pipeline to a fourth cell of gas cylinders;
5 m.  conducting a portion of said compressed gas from the fourth cell of gas cylinders
to the first delivery pipeline at said ship-borne pressure;
continuing steps i, j, and k until all of the gas cylinders borne by the ship have discharged
their compressed gas into either the first delivery pipeline or at least one second delivery pipeline.
19.  The method as defined in Claim 18 wherein said compressed gas is allowed
10 adiabatically expand during the ship emptying process.
20. The method as defined in Claim 19 wherein the adiabatic expansion of said
compressed gas is used to chill said plurality of empty gas cylinders; and
the chill of said empty gas cylinders is maintained until said empty gas cylinders are
refilled with compressed gas.
15 21.  Themethod as defined in Claim 20 wherein said chill is maintained until the ship-
bome storage system is returned to said supply pipeline. '
22.  The system as defined in Claim 1 wherein the gas is natural gas.
23.  The system as defined in Claim 9 wherein the gas is natural gas.
24.  The system as defined in Claim 10 wherein the gas is natural gas.
20 25.  The method as defined in Claim 13 wherein the gas is natural gas.
26.  The method as defined in Claim 14 wherein the gas is natural gas.
27.  The method as defined in Claim 18 wherein the gas is natural gas.
28.  Thesystem asdefined in Claim 1 wherein the gas cylinders are made from welded
steel pipe with domed caps welded on each end.
25 29.  The system as defined in Claim 9 wherein the gas cylinders are made from welded
steel pipe with domed caps welded on each end.
30. The system as defined in Claim 10 wherein the gas cylinders are made from
welded steel pipe with domed caps welded on each end.
31.  The method as defined in Claim 27 wherein a sufficient number of ships of
30 appropriate capacity and speed are used so that there is at least one ship loading and one ship
discharging compressed gas at all times.
32.  The system for compressed gas transport as defined in Claim 1 further including

" an on shore loading compressor station.

THIS SHEET HAS BEEN

[ RRR T L L REPLACED

LBSTITUTE SHEET (RULE 26}

il




with shore facilities. Tﬂ%sﬂéé?ﬁ éeenq{) facfeﬁ' on of ship based systemfor

conpressed natural gas 10 will now be described with the
aid of FIGURES 1, 4a, and is a flow chart that sets
forth the step by step.ha natural gas. Referring to FIGURE 1
nat ur al gas is dellvered to the system by a pipeline (1) at
typically S5bémed80 psi. A portion of this gas 10 canPOLIBISMI2T€Ct | v

t hrough the shlpplng terminal (3) to the |low pressure manifold 32 to raise

a smal | r of the cells 1G-to.the pipeline, pr sure fromtheir
"enpty” pressur® Pb.gilfo for m"?ﬁ?g eg’c%ﬁ']‘gdg}g fiMch TR Bed o
the high pbﬁﬁauyafmaw&sdd&&mdammaﬁslsﬁmﬁgomm sed’gdstber of enpty
cells are opened to the | ow pressure manifold 32. The | arger portion of the
pi peline gas is conpressed to high pressure at the shipping point
conpression facility (2). Once 15 the gas is conpressed it is delivered
via a marine termnal and nmanifold system (3) to the high - pressure
mani fold 28 on the CNG Carrier (4) (which in this case is ship 12), whence
it brings those cells 16 connected to it up to close to full design
pressure (e.g., 2700 psi). This process of openi ng and sw t chi ng
groups of cells, one after the other, is referred to as a "rolling fill."
The beneficial effect is that the conpressor (2) is conpressing to
its full design pressure alnost all 20 the tinme which makes for maxi num
efficiency . The CNG Carrier (4) carries the conpressed gas to the
delivery termnal (5). The high pressure gas is then discharged to a
deconpr essi on facility (6) where the gas pressure is reduced to
the pressure required by the receiving pipeline (9). Optionally

t he deconpression energy of the high pressure gas can be used to power

a cryogenic unit to generate a small portion of LPG gas |iquids and LNG
(6).which can be stored 25 and the gas |iquids and LNG regassified

| ater (8) as required to maintain gas service to the mar ket At
sonme point during the delivery of the gas, the gas pressure on the CNG
Carrier wll be insufficient to deliver gas at the rate and
pressure required. At this tine the gas will be sent to the
delivery point conpression facility (7) where it will be conpressed to the
pi peline (9)
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required pressure. If the above process is carried out with small groups of
cells 16 at a tine, a 30 "rolling enpty" results which will, as above,

provi de the conpressor (7) with the design back = pressure nost of
the time and hence use it with maxi nrum efficiency.

Whet her or not an LNG storage facility has been added, it is preferred that
there shall Qg g9y a sufficient nunmber of CNG carrier sfiPinetg1294

appropriate capacﬁy and speed so operated that there wll be a
shi p noored and di scharging at the delivery point at all tinmes. except
under upset condi tions. Operated iy Bhis manner, the CNG ship
systemw || provide essentially the sane |evel 5 of service as a

natural gas pipeline. In an |rrport t alternative enbodi r’rﬁﬂ the ship's
mani f ol ds and de on (7) ca bq_so si zed that
t he ship's cargo can be = relatlv time, say
2-8 hours, typi caIIy 4 hpur ¢ -h%f tp thre Eypl caIIy
&
1

one day normal unl
project to supply
of sufficient base [oad a;g._t

ady ssessed

REQUIR

HIGH
PRESSURE
GAS

HIGH
PRESSURE GAS
DECOMPRESSION
AND OPTIONAL
LNG FACILITY

LIQUIFIED |
NATURAL GAS
| > AT

CNG CARRIER

SMALL LNG STORAGE

AND REGASSIFICATION
FACILITY

P

PIPELINE
SHIPPING TERMINAL
r:::':"'_j COMPRESSION [——>> 1ot DREGSURE 6A8 [—
FIG. 1

NATURAL GAS
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't wll be apparent to one skilled in the art that nodifications may be
made to the Il lustrated enbodi nent w thout departing fromthe

spirit and scope of the invention as hereinafter defined in the
c ai ns. 15

WO 97/16678 PCT/NIB96/01274
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1. A ship based system for conpressed natural gas transport including a
ship having a plurality of gas _cylinders contained therein, said system

bei ng characterized by: - the plurality of gas cylinders being
configured into a plurality of conpressed gas storage cells, each
conpressed gas storage cell including of between 3 and 30 gas cylinders

connected bywo#akdzsnanifold to a single cell control val veperasosmizrs.a
hi gh pressure manifold including neans for connection to shore term nals;

a |l ow pressure manifold including neans for connection to shore term nals;
a submani fol d ext endi ng bet ween each sald Bingle cell control valve to
connect each of said conpressed gas storage cells to both said high
pressure nmani fold and said | ow pressure nmanifold; and at | east one
val ve for controlling the fl!ﬁ’g; cgzpressed natural gas through said high
pressure mani fold and said | es¥ire mani fol d. _

SUBSTITUTE SHEET (RULE 26)



2. A system for conpressed gas transport conpri sing: a ship;
a plurality of conpressed gas storage cells constructed and arranged to be

transported by said ship, each of said conpressed gas storage cells
including a plurality of interconnected gas cylinders; a high
pressure mani fold, said high pressure manifold including nmeans adapted for
connecti on t gglolgese term nal; a | ow pressure mani petspecons | ow
pressure nmani fold i ncluding nmeans adapted for connection to a shore

term nal ; means for flow connecting each of said conpressed gas
storage cells to each of said high and/)f8&w pressure nmanifolds; and

b |
L
=
n

©
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Jillﬂllﬂﬂﬂlllﬂﬂlll IHII [con @™ 0t Sortbeoey oo L oMhd Lhr L oL
of* sdi d“hiYh Band | ow pressure manifol ds, wher eby each of said .
conpressed gas storage cells selectively may be fl ow connectéd to ‘each of
sai d high and I'the embsdimentsefthiedhdsntion in which 8n exclusiveystoperty @r privilgge fsed
gas transp?ar"tneconpo detjinne%: as follows: a ship;
1. A system for compressed gas transport comprising:
a ship; |
a plurality of compressed gas storage cells constructed and arranged to be
transported by said ship, each of said compressed gas storage cells including a plurality
of interconnected gas cylinders; ,
a high pressure manifold, said high pressure manifold including means adapted
for connection to a shore terminal;
a low pressure manifold, said low pressure manifold including means adapted
for connection to a shore terminal;
means for flow connecting each of said compressed gas storage cells to each
of said high and low pressure manifolds; and
valve means for selectively controlling the flow of compressed gas between each
of said compressed gas storage cells and each of said high and low pressure
manifolds,
o whereby each of said compressed gas storage cells selectively may be flow
) connected to each of said high and low pressure manifold”s.

2. The system for compressed gas transport according to claim 1 wherein
said ship has cargo holds and said plurality of gas cylinders are vertically oriented within
said cargo holds.

3. The system for compressed gas transport according to claim 2, further
including: _

a substantially airtight hatch cover for each of said cargo holds; and

means for supplying an inert gas to each of said cargo holds;

whereby, each of said cargo holds can be flooded with an inert atmosphere of
said inert gas. .

4. The system for compressed gas transport according to claim 3 wherein
said cargo holds and said substantially airtight hatch covers are thermally insulated.

5. The system according to claim 2, further including:

gas leak detection equipment in each of said cérgo holds; and
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npr es gas storage cells construct and arranged to be
‘ﬁ W aid sMp, each of sai'd conpressed gas™storage cells
uPallty of gas cylinders interconnected by a cel'l manifold
to a S|ngle cell control valve; a high pressure manifol d, *said high

pressure mani f mehnisn b deRbngesdifipréasd egad dromcanleaking rgdso storaber eell to
term nal ; a low pressure manifold, said | ow pressure manifold -

i ncl udi ngameiﬁapt ed for connection to a shore term nal ; a

plurality of sgbrranghgl %@g%@;l\ni%i% 3 RiHe 'lﬁié Givbe endi ng between and

connecting sard hi I ow préssure manifold to
at | east one phwhdré based facaiut lndudlgbe;onﬂdréssmnheahsval ves; and

nmeans for selectively control the fl| ow o ed gas between each
of said subnénifol §$A/ﬁ&ﬁt@@&ﬁ° ngs!aﬂ‘éiamah %&Fé‘lﬂgssure mani f ol ds,

a shore terminal for receiving compressed gas from said ship,

wherein said shore terminal includes a cryogenic unit for converting a portion of
said compressed gas received from said ship into liquefied gas.

8. The system according to claim 1, further including:

a shore terminal for receiving compressed gas discharged from said high
pressure manifold of said ship and from said low pressure manifold of said ship and for
supplying said compressed gas to a gas transmission pipeline,

said shore terminal including unloading compressor means for compressing said

| gas received from said low pressuré manifold prior to supplying said gas from said low |
pressure manifold to said pipeline. |
| 9. The system according to claim 8 wherein said high pressure manifold and
§aid_low pressure manifold and said unloading compressor means are sized and
constructed to permit substantially complete unloading of séid ship within about 8 hours.

10. The system according to claim 5 wherein said means for venting

compressed gas from a leaking gas storage cell to atmosphere includes a flare.
| 11.  The system according to claim 1 wherein each of said plurality of gas
cylinders can contain compressed gas at from about 1,000 psi to about 5,000 psi.

12.  The system according to claim 1 wherein each of said compressed gas
storage cells includes not less than 3 nor more than 30 of said gas cylinders.

13. The system according to claim 1 wherein said gas cylinders are
constructed from welded mild steel pipe with domed welded caps on each end.

14. The system accordin'g to claim 1 wherein said gas is natural gas.

15. A method for filling a ship-borne storage system with compressed gas
from an upstream shore facility adapted to supply compressed gas from a supply
pipeline to said ship at a first pressure corresponding substantially to supply pipeline
pressure and at a second pressure which is greater than the first pressure, said ship-
borne storage system including a low pressure manifold adapted to receive gas at said

" BN
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aid c ressed gas storage cells may. selectively flo

lmm@ﬂnlnﬂ“n i“gch of id high and ['ow pfessure mani ds 4.
ecsystem fOr «conpressed gas transport according to claim 1 2-or 3

wherein said ship has cargo holds and said plurality of gas-cyli-nders are

verticall ﬁrsﬂr;br%@sﬁﬂe Wohjﬂsaldséh&e b&stddfadiRY,d8 -high pressure manifold adapted to
-11- he system for conp resse as transport according
to cl ai m recdivg gagat said |sgg¢amq;pressure from sald shore basec(iI facility and a plurality of gas
storage cells, each of said gas storage cells including a plurality of interconnected gas
| cylinders, said method comprising the steps of:

(@) connecting a first gas storage cell to said low pressure manifold;

(b)  conducting a portion of the compressed gas at the first pressure through
the low pressure manifold to partially fill the first gas storage cell oo substantially the
first pressure;

(c) isolating the first gas storage cell from the low pressure manifold;

(d)  connecting the first gas storage cell to the high pressure manifol'd';.

(¢) conducting a portion of the compressed gas at the second pressure
through the high pressure manifold to the first gas storage cell to fill first gas storage cell
to substantially the second pressure;

4)) connecting a second gas storage cell to the low pressdre manifold; and

() continuing said steps until substantially al of the gas storage cells are filled
with compressed gas at substantially the second pressure.

P 16. A method for discharging compressed gas from a ship-borne storage
' system to a downstream shore facility adapted to further supply such compressed gas
at pipeline pressure to a downstream gas pipeline, said shore facility including
decompression means for decompressing compressed gas received from said shp prior
to supplying the compressed gas to the downstream gas pipeline and compressor
means for compressing the compressed gas received from said shp prior to supplying
the compressed gas to said downstream pipeline, said ship-borne storage system
including a high pressure manifold adapted to discharge gas to said decompression
means and a low pressure manifold adapted to discharge gas to said compressor
 means and a plurality of gas storage cells, each of said gas storage cells including a
plurality of interconnected gas cylinders containing compressed gas at a ship-borme
pressure which is substantially greater than said downstream pipeline pressure said
method comprising the steps of:

(a) connecting a first gas storage cell to said high pressure manifold;

(b) discharging a portion of said compressed gas from said first gas storage
cell through said high pressure manifold to said decompression means;

12 THIS SHEET HAS BEEN
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airti gigiahatch cover for each of said go holds; and
\m %/ n |ng an ert gas to each of said cargo | ds;
€ea

said cargo holds can be flooded with an inert atnosphere

of said inert gas 6. The system for conpressed gas transport
according to cl@m fiswaﬁhglsalcsmisﬂ §§§ﬁﬁa?@@élﬂﬁoﬁfﬂ§bld¢!@1 pravsupe aifold;

airtight hatch covers are thernal E: I nsu
according to cl(@m 400ﬁﬂ§ﬁcilﬁﬁlsald1ﬁf5

equi pment

at ed The system
gasngtorage cell to ggigd lpw presiradnanifold:

conpr essedI gaga(% ? om a ea&ﬁié%éﬂgﬁﬁaag @r?s§e§ %%@rms ;ﬁ)’hgeér)é.#%éggor@e
The syst emethm@hmutloowlpaessule miartifoldtd suit kemprassaerdnegns; a shore

term nal for re%el vin

ressed gas from said shi nd -'
co nectn;[n)g a sreconéJ gas storage celFto salcﬁ) hig% pressure manifold; and

(g9)  continuing said steps until substantially all of said gas storage cells have
dlscharged a portion of their compressed gas through each of said high pressure and
low pressure manifolds.

17. The method according to claim 16 wherein said compressed gas is
allowed to expand adiabatically during said ship discharging process.

18. The method according to claim 17 wherein said adiabatic expansion of
said compressed gas is used to chill said plurality of gas cylinders; and additionally,
including the step of maintaining the chill of said gas cylinders until said chilled gas
cylinders are refilled with compressed gas.

- 19.  Themethod accofding to claim 16 wherein said shore facility also includes
additional compressor means for converting a portion of said compressed gas into

liquefied gas and storage means for storing said liquefied gas and additionally including

the step of directing a portion of said compressed gas discharged from said high
pressure manifold to power said additional compressor means.

| 20. The method according to claim 19 wherein said compressed gas is natural
gas and said liquefied gas is LNG.
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wherein a plurality of said EW"E?S %?ﬁused to provide a substantially
conti nuous supply ~of conpressed gas to said shore terninal.
The system according to claiml1, 2 or 3 further including: REPLAGEM%N-@%F%T

termnal for receiving conpressed gas fromsaid ship, ng

shore term nal” includes a cryogenic unit for converting a portion o sald
conpressed gas received fromsaid ship into |liquefied gas. : 10.

The system according to claim1, 2 or 3 further including: a shore
termnal for r | 41“ as discharged from said high pressure
mani fol d of saft-SHTp—al G | ow pressure mani fold of said ship and

for suppl ying said Smrm&sersgam FOR TOMERESSENATSRAL @AB@H.%PORT

S FIELD OF THE INVENTION
The present invention relates to natural gas transportation systems and, more specifically,
to the transport of compressed natural gas over water by ship.

BACKGROUND OF THE INVENTION
10 There are fou_r known methods of transporting natural gas across bodies of water. A first
method is by way of subsea pipeline. A second method is by way of ship transport as liquefied
natural gas (LNG). A third method is by way of barge, or above deck on a ship, as compressed
- natural gas (CNG). A fourth method is by way of ship, inside the holds, as refrigerated CNG or
as medium conditioned liquefied gas (MLG). Each method has its inherent advantages and
15 disadvantages. -

Subsea pipeline technology is well known for water depths of less than 1000 feet.

However, the cost of deep water subsea pipelines is very high and methods of repairing and

maintaining deep water subsea pipelines are just being pioneered. Transport by subsea pipeline

20 is often not a viable option when crossing bodies of water exceeding 1000 feet in depth. A
further diéadvanta’ge of subsea pipelines is that, once laid, it is impractical to relocate them.

The liquefaction of natural gas greatly increases its density, thereby allowing a relatively
few number of ships to transport large volumes of natural gas over long distances. However, an
25 LNG system requires a large investment for liquefaction facilities at the shipping point and for
regassification facilities at the delivery point. In many cases, the capital cost of constructing
LNG facilities is too high to make LNG a viable option. In other instances, the political risk at
. the delivery and/or supply point may make expensive LNG facilities unacceptable. A further
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-12-, said shore term nal including unloading HEP

neans for conpressing said gas received fromsaid |ow pressurmmﬁaﬁt
prior to supplying said gas fromsaid | ow pressure nanifold ‘[g %'Nd}gga

pi pel i ne. _ 11. The system according to claim 10 wherei'n said high
pressure manifold and said |ow pressure manifold and said unl oading
- conpressor neans are sized and constructed to permt substantially

conpl et e unl disedvantpge bf INNG ik thdt eyenwintshurtroates wheid ohlywnsor two LNG shiph 2re requithd

system according to claim7 wherei i . '
y tﬂe portation economics 1s stfll%u?d%ngd g{e Q ISugI'A ?:crast \6? Hﬁl' sﬂgre é)crﬁeregs sed gas

In the early 1970s Columbia Gas System Service deveioped a ship transportation method

5 for natural gas as refrigerated CNG and as pressurized MLG. These methods were described by
Roger J. Broeker, their Director of Process Engineeﬁng, in an article published in 1974 entitled

“CNG and MLG - New Natural Gas Transportation Processés.” The CNG required the
refrigeration of the gas to -75 degreesfahrenheit and pressurization to 1150 psi before placing into
pressure'vessels contained within an insulated cargo hold of a ship. No cargo refrigeration

- 10 facilities were provided aboard ship. The gas was contained in a multiplicity of vertically
mounted cylindrical pressure vessels. The MLG process required the liquefaction of the gas by

cooling to -175 degrees fahrenheit and pressixrization to 200 psi. One disadvantage of both of

these systems is the required cooling of the gas to tempéramres sufficiently below ambient
temperature prior to léadin'g on the ship. The refrigeration of the gas to these temperatures and

15 the provision of steel alloy and aluminum cylinders with appropriate properties at these
temperatures was expensive. Another disadvantage was dealing with the inevitable expansion

of gas in a safe manner as the gas warmed during transport.

In 1989 United States Patent 4,846,088 issued to Marine Gas Transport Ltd. which

20 described a method of transporting CNG having the storage vessel disposed only on or above the
deck of a seagoing barge. This patent reference disclosed a CNG storage system that comprised

a plurality of pressure bottles made from pipeline type pipe stored horizontally above the deck

of the seagoing barge. Due to the low cost of the pipe, the storage system had the advantage of

low capital cost. Should gas leakage occur, it naturally vented to atmosphere to obviate the

25 possibility of fire or explosion. The gas was transported at ambient teniperatm‘e, avoiding the
probiems associated with refrigeration inherent in the Columbia Gas Service Corporation test

vessel. One disadvantage of this method of transport of CNG described was the limit to the
number of such pressure bottles that could be placed above deck and still maintain acceptable

barge stability. This severely limits the amount of gas that a single barge can carry and results

30 ina high cost per unit of gas carried. Another disadvantage is the venting of gas to atmosphete,

which is now viewed as unacceptable from an environmental standpoint.

2-



from.a | eaking gas storage cell to atmosphere includes a flare. | 13.
TFhe system according to claim1, 2 or 3 wherein each of said pRERMLACEMENDISHEET .

gas cylinders can contain conpressed gas at from about 1,000 p% tg ﬂtmg%
5, 000 psi. 14. The system according toclaim2 or 3 eﬂe “ eac
of said conpressed gas storage cells includes not |ess than 3 nor nore
than 30 of said gas cylinders. - 15. A ship based system for
conpr essed nat ur alln gawre regens years thieviability affranspan by basge of CNG had beensiudipd by
gas cylinder [ t ' ter| ; . . ot he pl l ity
of gas cyli n?é’rﬂgﬁt}gll’ %éc%?\p#gtbp%ﬁ%%ﬁb %S‘a ?)4 éﬁgﬁp éyp %l?hsg%irrlﬁ’r tehs?seeaa‘?ngtggsr -Q{’
gas st orage REl BgchagaicindcAiVp Drew entitied t“AitamatiesWaysow Dpselop lah Gffshdrd Drid @Gas

bet ween 3 and..3Q.gas _cyli onnected by a cell jfold to a single
el I contr ol TSRy drtaak oG Ty shRPE ruieHED g8 pEf o NG RRERDE i e
hol ﬂs of 5t he mbpdsal eRBosl Whadlet PatolfimDd DetdiGpmdit RisdRbdga TNG RAsHr! Hhefhod
t1ght .
d comprised of a plurality of pipeline type pressure bottles oriented horizontally in a series of
detachable multiple barge-tug combination shuttles. Each bottle had a control valve and the _

temperatures were ambient. One disadvantage of this system was the requirement for cornnecting
and disconnecting the barges into the shuttles which takes time and reduces efficiency. A further
10 disadvantage was the limited seaworthiness of the multi-barge shuttles. The need to avoid heavy
seas would reduce the reliability of the system. A further disadvantage was the complicated

mating system which would adversely affect reliability and increase cost.

Marine transportation of natural gas has two main components, the over water

15 transportaﬁon system and the on shore facilities. The shortcoming of all of the above described
CNG transport systems is that the over the water transportation component is too expensive for

them to be employed. The shortcoming of LNG transport systems is the high cost of the shore
facilities which, on short distance routes, becomes the oVerwhelming portion of the capital cost.

None of the above described references addresses problems associated with loading arid

20 unloading of the gas at shore facilities.

SUMMARY OF THE INVENTION
What is required is an over water transportation system for natural gas which is capable
of utilizing shore facilities which are much less expensive than LNG liquefaction and
25 *° regassification facilities or CNG reﬁ'igerati_pn facilities, and which also provides for over water.
transport of near ambient temperature CNG, that is less expensive that the prior art.
According to the present invention thére is provided an improvement in over water CNG
transport that utilizes a ship having a plurality of gas cylinders. The gas pressure in the cylinders
30 would, preferably, be in the range of 2000 psi to 3500 psi when charged and in the range of 100
to 300 psi when discharged. The invention is characterized by the plurality of gas cylinders
configured into a plurality of compressed gas storage cells. Each compressed gas storage cell
consists of between 3 and 30 gas cylinders connected by a cell manifold'to a single control valve.

3-



hatch covers thereby enabling each of sai.d holds of the ship

wth an inert atnosphere at near anbient pressure, each of B&AEEME&]i%gﬁ

each of said hatch covers being insulated, - ~a high pressure
mani fol d i ncludi ng neans for connection.to shore term nals;

pressure mani fol d i ncludi ng means for connection to shore ternrnals

- 13-

connect eac mlggasscg]llgd%% preiseaply, be made from Steel pipe with domed caps on each end. The

10

15

20

25

30

steel cylinders may be wrapped with ﬁbreglass, carbon fibre or some other high tensile strength
fibre to afford a more cost effective bottle. A submanifold extends between each control valve
to connect each storage cell to a high pressure main manifold and a low pressure main manifold.

Both the high pressure main manifold and the low pressure main manifold include means for

connection to shore terminals. Vaives are provided for contrblling the flow of gas through the -

high pressure manifold and the low pressure manifold.

With the ship based system for compressed natural gas transport, as described above. the
on shore facilities mainly consist of efficient compressor stations. The use of both high and low
pressure manifolds permits the compressors at the loading terminal to do useful work

compressing pipeline gas up to full design pressure in some cells, while the cells are filling from

N IR

a submani fol d ext endi ng between each control valve to

the pipeline; and at the unloading terminal to do useful work compressing the gas of cells below .'

pipeline pressure while some high pressure storage cells are simultaneously producing by B

blowdown. The technique of opening the storage cells in sequence by groups, one after another,
so timed that the backpressure on the compressor is at all times close to the optimum pressure,

minimizes the required compression horsepower.

Although beneficial results may be obtained through the use of the shp based system for

" compressed natural gas transport, as described above, even more beneficial results may be

obtained by orienting the gas storage cells in a vertical manner. This vertical orientation will

facilitate the replacement and maintenance of the storage cells should it be required.

Although beneficial resuits may be obtained through the use of the ship based system for
compressed natural gas transport, as described above, the safe ocean transport of the CNG, once
loaded, must also be addressed. Even more beneficial results may, therefore, be obtained when
the hold of the ship is covered with air tight hatch covers. This permits the holds containing the
gas storage cells to be flooded with an inert atmosphere at near ambient pressure, eliminating fire
hazard in the hold.

Although beneficial results may be obtained through the use of the ship based system for
compressed natural gas transport, as described above, adiabatic expansion of the CNG during the
delivery process results in the steel bottles being cooled to some extent. It is desirable to preserve

4-



natural gas storage cells to both said high pressure manifolg_]

pressure manifol d; at | east one valve for controllin EFW% @HEET
conpressed natural gas through said high pressure nanifold an‘g ggﬂ‘ﬂﬂﬂ/
pressure mani f ol d; - each of said holds having a | ow pre §u

mani fold to provide initial flood and subsequent maintenance of the inert

gas at nosphe ch of .sai.d hol d bel ng fitt as | eak
detectors so u?%%&opqeésa?f% ﬂ&'}‘ﬁ%r'@?é &fstrel er%ﬁv %"e‘%maée caYFngRore
i sol ated and bumﬁdmtsmfsqwhﬂﬁwf&e FHe @Btafe@ Wheh me miamu afn@ Ihskcls YlefiBrd silated.

venting/flare boom 16. A system for conpressed gas transport,
sai d system conpri si ng: : a ship having a plurality of cargo hol ds

a plurality of Valhhiitierfal RAIEhIBS oibinkd WiRkigh e SRATHL shib 12&AIL m RA d
cargo holds, said plurality of vertically oriented gas cylinders |n each
of said %ar g@omptegpgd g@tmn.ggag transpguly @dlﬁcﬂbggl above, should a gas leak occur it must be safely
dealt with. Even more beneﬁcxa_l results may, therefore, be obtained when each hold is fitted
with gas léak detection equipment and leaking bottle identification equipment so that leaking
storage cells can be isolated and vented through the high pressure manifold system to a
venting/flare boom. The natural gas contaminated hold would be flushed with inert gas.
10 |
Although beneficial results may be obtained through the use of the ship based system for
compressed natural gas transport, as described above, in some markets a continuous supply of

natural gas is crucial. Even more beneficial results may, therefore, be obtained when sufficient

CNG ships of appropriate capacity and speed are used so that there is at all times a ship moored
15 and unloading.

Although beneficial effects may be obtained through the use of the ship based system for
compressed natural gas transport, as described abové, there is a considerable pressure energy on
the ship that could be used at the discharge terminal to produce refrigeration. Even more

20 beneficial effects may, therefore, be obtained when an appropriate cryogenic unit at the unloading
terminal is used to generate a small amount of LNG. This LNG, produced during a number of
ship unloadings, will be accumulated in adjacent LNG storage tanks. This supply of LNG can
be used in the event of an upset in CNG ship scheduling.

25 Although beneficial effects may be obtained through the use of the ship based system for
compressed natural gas transport, as described above, some markets will pay a premium for
peak-shaving fuel (i.e., fuel delivered during the few hours per day of peak demand). Even more
beneficial results may, therefore, be obtained if fhe main manifold system and unloading
compressor station are so sizeﬁ that the ship can be unloaded in the peak time, which is typically

30 4 to 8 hours.



one or nore conpressed gas storage cells, each of said conpreREMdC '
storage cells including fromabout 3 to about 30 of said vertical F@ENT SHEET
oriented gas cylinders; each of said plurality of vertécgmmg%
oriented gas cylinders within each of said conpressed gas:ﬂ(} g€~ cel | s

bei ng connected by a cell manifold to a single cell control valve;
each of said g¢g ' '

43 ha (., 2 substantially airtight hatch
cover, whereb R CSHELION O mm be flooded with an .inert

at nosphere at nearThesdung GthePfeffi®s 6fhe invention will Keo6iHe Pbreaippaiert oA RIISWingNd -
each of said airtight hatch covers being thermally insul ated, a

hi gh pressured"r?ﬁ?ﬁt’PBl“H‘,”h’s?hF"(fe"ﬁ‘P“ﬁhsTﬂ?‘@s‘%ﬁ?@?ﬁé‘ﬁ?‘*%ﬂmﬂﬁd’fhﬁm‘ﬁg means adapt ed
for connection to a shore based term nal; :

5 FIGURE 1 is a flow chart setting forth the operation of a ship based system for
compressed natural gas transport.

FIGURE 2a is a side elevational view in section of a ship equipped in accordance with the
teachings of the ship based system for compressed natural gas transport.
10 |

FIGURE 2b is a top plan view in longitudinal section of the ship illustrated in FIGURE
2a.

FIGURE 2c is an end elevational view in transverse section taken along section lines A-A
15 of FIGURE 2b.

FIGURE 3 is a detailed top plan view ofa portion of the ship illustrated in FIGURE 2b.

FIGURE 4a is a schematic diagram of a loading arrangement for the ship based system
20 for compressed natural gas transport.

FIGURE 4b is a schematic diagram of an unloading arrangement for the ship based
system for compressed natural gas transport.
25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
The preferred embodiment, a ship based system for compressed natural gas transport
generally identified by reference numeral 10, will now be described with reference to
FIGURES 1 through 4b.

30 Referring to FIGURES 2a and 2b, ship based system for compressed natural gas
transport 10 includes a ship 12 having a plurality of gas cylinders 14. The gas cylinders are
designed to safely accept the pressure of CNG, which may range between 1000 to 5000 psi, to
be set by.optimization taking into account the cost of pressure vessels, shiips, etc. and the physical

-6-
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- a low pressure manifold, said | ow pressur ' _
including neans adapted for connection to a shore based termﬁﬁﬂﬁmmw SHEET

submani fol d neans for connecting each of -said single cell control valves to

both said high pressure nmanifold and said | ow pressure manifol §:9 JUN lsm
at least one valve for selectively controlling the flow of conpressed gas

bet ween sai d subrranlfol d nmeans and each of said hi gh pressure mani fol d and
said | ow pressure mani f

inert gas manifold for &Opl yi ng
inert gas toP@REHEDHP! @aw éh&sgsefmddbatﬂvrva&ﬁﬁgf {n the fange of 2500 to 3500 psi. Gas
cylinders 14 are cylindrical steel pipes in 30 to 100 foot lengths. A preferred length is 70 feet

long. The pipes will be capped, typically, by the welding of forged steel domes on both ends.

The plurality of gas cylinders 14 are configured into a plurality of compressed gas 'storage
cells 16. Referring to FIGURE 3, each of compressed gas storage cells 16 consists of between 3
and 30 gas cylinders 14 connected by a cell manifold 18 to a single control valve 20. Referring
to FIGURES 2a and 2c, gas cylinders 14 are mounted vertically oriented,. for ease of replacement,
within a hold 22 of ship 12. The length of cylinders 14 will typically be set so as to preserve the
stability of ship 12. The holds 22 are covered with hatch covers 24 to keep out seawater in heavy
weather, but also to facilitate'cylinder changeout. Hatch covers 24 will have airtight seals to

10

enable holds 22 to be flooded with an inert atmosphere at near ambient pressure. The holds 22

are serviced by a low pressure manifold system 42, as shown in FIGURE 2a, to provide initial

flood and subsequent maintenance of the inert gas atmosphere.
15 '

The present invention contemplates little or no refrigeration of the gas during the loading
phése. Typically the only cooling invoived will be to return the gas to near ambient temperature
by means of conventional air or seawater cooling immediately after compression. However, the
lower the temperature of the gas, the larger the quantity that can be stored in the cylinders 14.
Because of adiabatic expansion of the CNG during the delivery process, the steel cylinders 14
will be cooled to some extent. It is desirable to preserve the coolness of this thermal mass of

steel for its value in the next  loading phase, in typically 1 to 3 days time. For this reason,

referring to FIGURE 2c, both holds 22 and hatch covers 24 are covered with a layer of
insulation 26. )

20

25

Referting to FIGURE 3, a high pressure manifold 28 is provided which includes a
valve 30 adapted for connection to shore terminals. A low pressure manifold 32 is provided
including a valve 34 adapted for connection to shore terminals. A submanifold 36 extends
between each control valve 20 to connect each storage cell 16 to both high pressure manifold 28

30 and low pressure manifold 32. A plurality of valves 38 control the flow of gas from
submanifold 36 into high pressure manifold 28. A plurality of valves 40 control the flow of gas
from submanifold 36 into low pressure manifold 32. In the event that a storage cell must be
rapidly blown down when the ship 12 is at sea, the gas will be carried by high pressure

.7-



mai nf enance of said inert gas atnosphere in each of said cargo. hRR PAACEMENT SHEET
a gas |leak detector in each of said cargo. holds, whereby | eaking

C re
gas from said storage cells can be detected and vented to a ventllﬁgﬂmigm
boom 17. In conbination: a. an on-shore conpressor
station; and b. a ship based system for conpressed natural gas
transport including a ship having a plurality of gas cylinders,

char act er i zenhatifuld 28 to a venting boom 44 dnd thEnce w@lai flaye 44, agiimsmjéd indl’daGGRBehng the

configured into a ur.a f.co ressed nat ur.al e cells ch
conpr ssed nteeapt a1 fes R B re R St B B Sy
cyl i nders compg&r@éy #¥rom thetdllsngni foI dto a si ngI e cell control valve;

a high pressure manifold including nmeans for connection to said on-shore
conpressor station;

5 Ship 12, as described above, must be integrated as part of an overall transportation system
with shore facilities. The overall operation of ship based system for compressed natural gas
transport 10 will now be described with the aid of FIGURES 1, 4a, and 4b. FIGURE 1 is a flow
chart that sets forth the step by step handling of the natural gas. Referring to FIGURE 1, natural
gas is delivered to the system by a pipeline (1) at typically 500 to 700 psi. A portion of this gas

10 can pass directly through the shipping terminal (3) to the low pressure manifold 32 to raise a
small number of the cells 16-to the pipeline pfessure from their “empty” pressure of about
200 psi. Those cells are then switched to the high pressure manifold 28 and another small
number of empty cells are opened to the low pressure manifold 32. The larger portion of the
pipeline gas is compressed to high pressure at the shipping point compression facility (2). Once
15 the gas is compressed it is delivered via a marine terminal and manifold system (3) to the high
pressure manifold 28 on the CNG Carrier (4) (which in this case is ship 12), whence it brings
those cells 16 connected to it up to close to full design pressure (e.g., 2700 psi). This process of
opening and switching groups of cells, one after the other, is referred to as a “rolling fill.” The
beneficial effect is that the compressor (2) is compressing to its full design pressure aimost all
20 the time which makes for maximum efficiency . The CNG Carrier (4) carries the compressed '
gas to the delivery terminal (5). The high pressure gas is then discharged to a decompression
facility (6) where the gas pressure is reduced to the pressure required by the receiving
pipeline (9). Optionally the decompression energy of the high pressure gas can be used to power
a cryogenic unit to generate a small portion of LPG, gas liquids and LNG (6).which can be stored
25 and the gas liquids and LNG regassified later (8) as requiréd to maintain gas service to the
market. At some point during the delivery of the. gas, the gas pressure on the CNG Carrier will
be insufficient to deliver gas at the rate and pressure required. At this time the gas will be sent
to the delivery point compression facility (7) where it will be compressed to the pipeline (9)
required pressure. If the abo%re process is carried out with small groups of cells 16 at a time, a
30 “rolling empty” results which will, as above, provide the compressor (7) with the design back

pressure most of the time and hence use it with maximum efficiency.

-8-



a | ow pressure manifold includi ng means for connection to said
cbrrpressor station; and a submani f ol d ext endi ng %EMEM&SHEET
of said single cell control valves to connect each of said conpr ¢ ??@ _
natural gas storage cells to both said high pressure nanifold and $ai N 1898
pressure mani fol d; and - 15-

e TR R 0 G N
a sufficient number of CNG carrier ships 12 of appropriate capacity and speed so operated that
there will be a ship moored and discharging at the delivery point at all times. except under upset
conditions. Operated in this manner, the CNG ship system will provide essentially the same level

5 of service as a natural gas pipeline. In an important alternative embodiment, the ship’s manifolds
and delivery coxﬁpression station (7) can be so sized that the ship’s cargo can be unloaded in a
relatively short time, say 2-8 hours, typically 4 hours, versus one-half to three days, typically
one day normal unloading time. This alternative would permit a marine CNG project to supply
peak-shaving fuel into a market already possessed of sufficient base load capacity.

10 :

It will be apparent to- one skilled in the art that modifications may be made to the
illustrated embodiment without departing from the spirit and scope of the invention as hereinafter
defined in the Claims.

15



18. " .7 n conbination: S, a. a shore based facility includin

" conpressor neans; and b. a ship based systemfor C(BﬁﬁkMeEgMT ET
transport, said ship based system including: _ a p‘hﬂWl

of conpressed gas storage cells, each of said conpressed gas storage cells

i ncl udi ng a plur al Atshiptfasedhsystopi fordompressedmaturabigastransport inchudinigf asship havieg
single cell control valve; a high pressure manifold -

i ncl udi ng phiestity ofpap cplindety comainar iheftin,! QidsSysténs beihg chiracezddaby:l i ty;

a |l ow pressure manifold 1ncludi ng neans adapted fTor connection to said

shore based {i@pidrafid):of gas cylinders being configured into a plurality of compressed gas storage

cells, each compressed gas storage cell including of between 3 and 30 gas cylinders connected

by a cell manifold to a single cell control valve;

a high pressure manifold including means for connection to shore terminals;

a low pressure manifold including means for connection to shore terminals;

a submanifold extending between each said single cell control valve to connect each of

said compressed gs storage cells to both said high pressure manifold and said low pressure

manifold; and

at least one valve for controlling the flow of compressed natural gas through said high

pressure manifold and said low pressure manifold.

2. A system for compressed gas transport coxﬁprising:

a ship;

a plurality of compressed gas storagé cells constructed and arranged to be transported
by said ship, each of said compressed gas storage cells including a plurality of interconnected
gas cylinders;

a high pressure manifold, said high pressure manifold including means adapted for
connection to a shore terminal;

a low pressure manifold, said low pressure manifold including means adapted for
connection to a shore terminal;

means for flow connecting each of said compressed gas storage cells to each of said high

and low pressure manifolds; and

-10-
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a supmani fol d extendi ng between and connecting a plurality of ' |

- cell control valves to both of said high pregsurg and saiyd Io'\;\?mgﬁﬁﬁw SHEET
rani fol ds, to thereby connect a plurality of said conpressed g'ag r

cells to both said high pressure manifold and said | ow pressure nanifold,
val ve nmeans fvalveaneuans 661 selegtivdiy contoolling thedtow efcorupigssed igas bpswaerseach of said
subnani f ol d and each of said high pressure nmanifold and said | ow pressure
mani f ol Gompressed gas stérage célsnaid sach bPkaid itigh MW RS piessubo nagifslds; age system

W th conpressed gas from an upstream shore facility adapted to supply

conpressed g %efr{) e hﬁ:}fl%ﬁicly cd?hﬁi@isbt?‘ ?ai Qtoﬁli'b tefifisBlectively mal ibeSflow cBteeted

correspondi ng su tially to supp pi pel i ne pressure and at a second

pressure which.is.greater. than e fi pressure, said ship-borne storage
syst em ith gp%pﬁ]ﬁal%g}%rﬁ low presshi% mahifSils. P g
-16-

3. A system for compressed gas transport comprising:

a ship;

a plurality of compressed gas storage cells constructed and arranged to be transported

by said ship, each of said compressed gas storage cells including a plurality of gas cylinders

interconnected by a cell manifold to a single cell control valve;

a_high pressure manifold, said high pressure manifold including means adapted for

connection to a shore terminal;

a low pressure manifold, said low pressure manifold including means adapted for

connection to a shore terminal;

a plurality of submanifolds, each of said submanifolds extending between and connecting

said high pressure manifold and said low pressure manifold to at least one plurality of said
b4

single cell control valves; and
' it
means for selectively controlling the flow of compressed gas between each of said

submanifolds and each of said pigh and low pressure manifolds,

whereby each of said cqmpressed gas storage cells may be selectively flow connected

to each of said high and low pressure manifolds.

4. ‘The system for compressed gas transport according to claim 1, 2 or 3 wherein

said ship has cargo holds and said plurality of gas cylinders are vertically oriented within said

cargo holds.

-11-
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shore based

pressure mani fol d adapted to receive gas at said first pressur I d
* facility, a high pressure manifold adapted to reﬁi%ﬁasmﬂ
r b8 Nomas

sai d second

pressure fromsaid shore based facility and a plu

storage cells, each of said gas storage cells including a plurality of
i nter connect &d ga<Theysystemiefos compriessedgasiransportiacéariing to biain de fiarther including:
(a) - connecting a first gas stofage cell to said | ow pressure manifold:;
(b) condug dubStadtidlRy dittiht ﬁﬁtch'é@v&%ﬁéﬁtﬂﬁ@ﬂkaﬂﬁéar?? hblde; fnd st pressure

t hrough t he

gas storage

|l ow pressure manifold to partially fi the first gas storage

cell to subst ' | : : . isolati he fi
ool ot Yamplifing bf HerDERNS ¢ath of said cargoliplas; 1 solating the firs!

gas.

whereby, each of said cargo holds can be flooded with an inert atmosphere of said inert

6.  The system for compressed gas transport according to claim 5 wherein said cargo

holds and said substantially airtight hatch covers are thermally insulated.

7. The system according io claim 4, further including:
gas leak detection equipment in each of said cargo holds; and
means for venting compressed gas from a leaking gas storage cell to atmosphere.

8. The system according to claim 1, 2 or 3 further including:

a_shore terminal for receiving compressed gas from said ship, and

wherein a plurality of said ships are used to provide a substantially continuous supply

of comj:ressed gas to said shore terminal.

9. The system according to claim 1, 2 or 3 further including:

a shore terminal for receiving compressed gas from said ship,

wherein said shore terminal includes a cryogenic unit for converting a portion of said

compressed gas received from said ship into liquefied gas. .

10.  The system accofding to claim 1, 2 or 3 further including: -

a shore terminal for receiving compressed gas discharged from said high pressure

manifold of said ship and from said low pressure manifold of said ship and for supplying said

compressed gas to a gas transmission pipeline,

\\\*\\\\l\\\\\}\\\}‘\\\\\!\\\\j\



: (d)* .» connecting the first gas storage cell to the high pr es SREPEACEMENOSHEET
- (e) conducting a portion of the conpressed gas at the second ge r
through the high pressure manifold to the first gas storage cel tgwiﬁ%

first gas storage cell to substantially the second pressure; ()
connecti ng a st siare gemmisabinglydingemloading compressqsr means for reapipressiag saiti gas
(9) continuing said steps until substantially all of the gas storage

cel I's argcéivéd admvidid low Prevseesmanifid peior 36! bapplying shidygas Hfeom saidridwopressie e.
20. A nmet hod for dischargi ng conpressed gas from a shi p-borne storage

system t 9.qif58 tygﬁh_rpg@{ﬁn;hore facility adapted to further supply such
conpressed gas at pi I ne pressure "~ to a downstream gas pipeline, said

. h ,f . | . t . d. . . . H
as rocei ved Lrom CHf e ACRFRDE o bl T8 Heng B pid tEK BSHES BlitokPARY e

low pressure manifold and said unloading compressor means are sized and constructed to permit

substantially complete unloading of said ship within about 8 hours.
12.  The system according to claim 7 wherein said means for venting compressed gas
from a leaking gas storage cell to atmosphere includes a flare.

13.  The system according to claim 1, 2 or 3 wherein each of said plurality of gas

cylinders can contain compressed gas at from about 1,000 psi to about 5,000 psi.
14.  The system according to claim 2 or 3 wherein each of said compressed gas
storage cells includes not less than 3 nor more than 30 of said gas cylinders.

15. A ship based system for compressed natural gas transport including a ship having

a plurality of gas cylinders, said system being characterized by:

the plurality of gas cylinders being configured into a plurality of compressed natural gas

storage cells, each compressed natural gas storage cell including between 3 and 30 gas cylinders

connectéd by a cell manifold to a single cell control valve, the gas cylinders being vertically

oriented within holds of the ship, each of said holds of the ship being covered with air tight

hatch covers thereby enabling each of said holds of the ship to be flooded with an inert

atmosphere at near ambient pressure, each of said holds and each of said hatch covers being

insulated;

a high pressure manifold including means for connection to shore terminals;

a low pressure manifold including means for connection to shore terminals;

-13-
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to the downstream gas pipeline and conpressor means for conpr

- conpressed gas received fromsaid ship prior-to supplying t@tmmm EET
gas to said downstream pi peline, said shi p-borne storage. system

a high pressure mani fold adapted to discharge gas to said . decorrpreSS| on

means and a j eySridmRidétending bawdenethicomitrolovalivestolvannpet gach dfsaRicdonpressed.
conpr essor T17-

el ndh afufl Bad'ks dg%eﬂg FIBoth Shid R pfedbur mANOR Qfid oW Pradare Shafifd® cel | s

cttreuyas Lyl rders LUIIL darrrrg
conpressed g8

than sai d dofhnst

pressure manifold and said low pressure mamfold;

each of said holds having a low pressure manifold to provide initial flood and subsequent

maintenance of the inert gas atmosphere; and

each of said holds being fitted with gas leak detectors so that leaking compressed natural

Zas storage cells can be isolated and vented through said high pressure manifold system to a

venting/flare boom.

16. A system for compressed gas transport, said system comprising:

a ship having a plurality of cargo holds;

a plurality of 'vertically oriented gas cylinders disposed in each of said cargo holds, said

plurality of vertically oriented gas cylinders in each of said cargo holds being configured into

one or more compressed gas storage cells, each of said compressed gas storage cells including

from about 3 to about 30 of said vertically oriented gas cylinders;

each of said plurality of vertically oriented gas cylinders within each of said compressed

gas storage cells being connected by a cell manifold to a single cell control valve;

each of said cargo holds having at least one substantially airtight hatch cover, whereby

each of said cargo holds can be flooded with an inert atmosphere at near ambient pressure;

each of said cargo holds and each of said airtight hatch covers being thermally insulated;

a high pressure manifold, said high pressure manifold including means adapted for

connection to a shore based terminal;

-14-
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o}: . (a) connecting a first gas storage cell to said %MCMEWHHEET

“mani f ol d; (b) di scharging a portion of said conpressed ‘m%
said first gas storage cell -through said high pressure manifold to

deconpr essi on neans; (c) i solating said first gas storage cell
from sai d hi gh lpwepressuge maaniifold,dsaid low pressard) manifolih éncfuding smdads fadapted fas
storage cell to said | ow pressure manifold, (e) conducting a

port i on &dnnséich m&s@gﬁdgeﬁnﬁm@m said first gas storage cell through
said | ow pressure nani 1ol d to sard conpressor neans; (f)

connecting a mﬁﬁo 'V%We§% @oﬂ?‘é’!ﬁ’d.

(9) cont i naT Ty
cel L "o AL

at least one valve for selectively controlling the ﬂow of compressed gas between said
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submanifold means and each of said high pressure manifold and said low pressure manifold;

an inert gas manifold for supplying inert gas to each of said cargo holds for supply and

maintenance of said inert gas atmosphere in each of said cargo holds; and

.a gas leak detector in each of said -ggo holds, whereby leaking compressed gas from

said storage cells can be detected and vented to a venting/flare boom.

17. In combination:

a. ‘an on-shore compressor station; and

b. a ship based system for compressed natural gas transport including a shib having

a plurality of gas cylinders, characterized by:

the plurality of gas cylinders being configured into a piurality of compressed

natural gas storage cells, each compressed natural gas storage cells consisting of between 3 and

30 gas cylinders connected by a cell manifold to a single cell control valve;

a high pressure manifold including means for connection to said on-shore

compressor station; .

a low pressure manifold including means for connection to said on-shore

compressor station; and

-a submanifold extending between each of said single cell control valves to connect

~ each of said compressed natural gas storage cells to both said high pressure manifold and said -

low pressure manifold; and

-15-
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pressure nanifol ds. 21. The net hod according to claﬂﬁmﬂﬁfMﬁﬁféﬁﬁEf
sai d conpressed gas is allowed to expand adiabatically during }@ [

di schargi ng process. - 22, The met hod according to claim 2 gggin
sai d adi abatic expansion of said conpressed gas is used to chill said
plurality of gas_ayldastmesalverfor controlling the flow ofompressed pasural g3 thegugh said

mai ntai ning the chill of said gas cylinders until said chilled gas

cyl i ndenjigiapresueé ndn@fdldridsaid W pRSsuzel ngmifold. 23.  The net hod
accordi Mg toctrarm 20 whererm said snore tacility also includes additional

conpressor megns fiprconfhiéiohi N9 @ portion of said conpressed gas into

| i quefi ed gas - -18-
a. a shore based facility including compressor means; and
b. - a ship based system for compressed gas transport, said ship based system
including: |

a plurality of compressed gas storage cells, each of said compressed gas storage

cells including a plurality of gas cylinders connected by a cell manifold to a sing_ le cell control
valve;

a high pressure manifold including means adapted for connection to said shore

based facility;

a low pressure manifold including means adapted for connection to said shore
- based facility;

a_submanifold extending between and connecting a plurality of said single cell

control valves to both of said high pressure and said low pressure manifolds, to thereby connect

a plurality of said compressed gas storage cells to both said high pressure manifold and said low

pressure manifold;

valve means for controlling the flow of compressed gas between said submanifold

and each of said high pressure manifold and said low pressure manifold.

19. A method for filling a ship-borne storage system with compressed gas from an
upstream shore facility adapted to supply compressed gas from a supply pipeline to said ship
at a first pressure corresponding substantially to supply pipeline pressure and at a second

pressure which is greater than the first pressure, said ship-borne storage system including a low -

-16-
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and storage neans for storing said |liquefied gas and additi Iy, 4 .acl udi n
the ‘stgp of directing a portion of said corrp?essed gas di Eu ’%%&EEWE&HEET ?
said high pressure manifold to power said additional conpressqrgn w
24. The net hod according to claim23 wherein said conpressed m

nat ur al grassufshanifeldchdhpred e reedivgqas ias sdid\first pressure fr@f. sailhshosy basednfacility,
according to claim1, 2, 3, 15, 16; 17, 18, 19 or 20 wherein said gas

cyli nderash%ﬁeperﬁ%ﬁ&t hihitsd at2156aea Y@}fe@@i@e Fad Bt Sl Sdcond Preswirt roleREid sheteded

caps on ea he system according to claim?2, 3, 16, 18,

19 or 20, Woe s lifdy S@la%h BRatiey FHal sBraged@ells, each of said gas storage cells including a

plurality of interconnected gas cylinders, said method comprising the steps of: |

(a) connecting é first gas sto:age cell to said low pressure manifold;

(b)  conducting a portion of the compressed gas at the first pressure through the low
pressure manifold to partially fill the first gas storage cell to substantially the ﬁrsf pressure;

(c) isolating the first gas storage cell from the low pressure manifold;

(d  connecting the first gas étorage cell to the high pressure manifold;

(e) conducting a portion of the compressed gas at the second pressure through the
high pressure manifold to the first gas storage cell to fill first gas storage cell to substantially
the second pressure;

® connecting a second gas storage cell to the low pressure manifold; and

(g)  continuing said steps until substantially all of the gas storage celis are filled with
compressed gas at substantially the. second pressure.

©20. A method for dischérging compressed gas from a ship-borne storage system to
an upstream shore facility adapted to funﬁer supply such compressed gas at pipeline pressure
to a downstream gas pipeline, said shore facility including decompression means for
decompressing compressed gas received from said ship prior to supplying the compressed gas -
to the downstream gas pipeline and corhpressor means for compressing the compressed gas
received from said éhip prior to supplying the compressed gas to said downstream pipeline, said
ship-borne storage system including a high pressure manifold adapted to discharge gas to said

decompression means and a low pressure manifold adapted to discharge gas to said COmpressor

-17-
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means and a ;;lurality of gas storage ggl!s, each of said gas storagé cells including a plurality
of interconnected gas cylinders containing corhpressed gas at a ship-borne pressure which is
substantially greater than said downstream pipeline pressure, said method comprising the steps
of:

(@) connecting a first gas storage cell fo said high pressure manifold;

(b)  discharging a portion of said compressed gas from said first gas storage cell
_through said high pressure manifold to said decompression means; |

(c) isolating said first gas storage cell from said high pressure manifold;

(d  connecting said first gas stofage cell to said low pressure manifold;

(e) conductihg a portion of said compressed gas from said first gas storage cell
through said low pressure manifold to said compressor means;

@ connecting a second gas storage cell to said high pressure manifold; and

(g) continuing said steps until substantially all of -said gas storage cells have
discharged a portion of their compressed gas through eabh of said high pressure and low
pressure manifolds.

21.  The method according to claim 20 wherein said compressed gas is allowed to
.expand adiabatically during said ship discharging process.

22.  The method according to claim 21 wherein said adiabatic expansion of said
compressed gas is used to chill said plurality of gas cylinders; and additionally including the step
of maintaining the chill of said gas cylinders until said chilled gas cylinders are refilled witﬁ
compressed gas.

23.  The method according to claim 20 wherein said shore facility also includes

additional compressor means for converting a portion of said compressed gas into liquefied gas

- -18-
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and storage means for storing said liquefied gés and additionally including the step of directing
a portion of said compressed gas discharged from said high pressure manifold to bower said
additional compressor means.

24.  The method according to claim 23 wherein said compressed gas is natural gas and

said liquefied gas is LNG.

25.  The system according to claim 1, 2, 3, 15, 16, 17, 18, 19 or 20 wherein said gas

cylinders are constructed from welded_mild steel pipe with domed welded caps on each end.

26. The system according to claim 2, 3, 16, 18, 19 or 20 wherein said gas is natural

gas.
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