e

July 12, 1960 C. C. ANDERSON 2,944,406

RECETPT AND STORAGE OF LIQUEFIED GASES
© Filed April 22, 1959

3l TO_FLARE OR
USEFUL DISPOSAL

INVENTOR.
C.C. ANDERSON

P P udion Y P

AT TORNEYS




United States Patent Office

» 2,944,406
Paterited July 12; 1960

1CE

2,944,406
RECEIPT AND STORAGE OF LIQUEFIED GASES-

€ailton C. Anderson; Bartlesville;- Okla., assignor fo Phil-
lips:Petroleunt: Company, a corporation of Delaware .

Filed Apr, 22, 1959, Ser. No. 808,157
9 Claims.- (Cl:-62-=54) .

- ffom- & transportatron facility; not shown.
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This: invention relates to- storage’ of quueﬁed—p trole

gds; -natuial gasoline;: anhydrous amimgiia- asd-such-other -

prodiicts - dormally requiring: pressire- stofage -4t atmos-

pleric-temperatiis conditions: In.one aspect this:inven-
tiop hasparticular application: in: the:storage: of hqueﬁed
petroleur- gis afid‘anhydrousiammonisa;-
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In the following specification the apparatus: arid itss op-

er'ation: will-be: déseribed’ relative to’ the'stordge-dand han-
dling: of liquefied : propanie- ds- an’ examiple: of’ this-inven-
tich.-

‘The" storage: of LP-gas (iguefied: petrolenm” gas) ard
anhydrous: ammoria at: low! teiiperdtiirés and: pressiires
shows: definite: promiise: 6f- real- econoniy’ as: compired: to
storage in: conventional high: pressiire: storage: vessels:
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Howeéver;-one problemizin low temiperaturé-storage: is the

cost:of-refrigeration:for: cooling-at a*high: rate the stredm o'
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of material entering.the:sterage systeiii:down to the low

temperature of the storage:systemi:

This invention proposes:a: system- and: its* method: of
operation whereby the: prodiict: stream; siich: as liquefied
propane, is first received frorm the! transportation facility
at a high rate of transfer into a tank which' is ‘adapted:to
contain the: propane: under pressure. This: tahk;. which
may: or-may. not:be. cooled by separate: refrigerdtion;-is
sufficiently large to-accommodate: the: volume of a-rail
shipment, a transport:tiuck shipment;.or a.pipe-line:slug;
The term “slug”™ or “pipe line slug” as used:herein is-ifi-
tended to-mean-the: volume: of a'single product transferied
in:a:pipe line at one'pumping. The product-isthen trans-
ferred: from the high pressure receiving:tank inte"a:low
pressure- storage tank at-a relatively slow-rate, .that'is;-a
rate sufficiently slow. that refrigeration:can’ be: applied
thereto-at-an.economical raté. It is realizéd that the:same
amount-of work is performed on'cooling the product from
the temperature of the product as received ‘to:the: storage
temperature when the cooling is carried out in.-a single
step: as-when: the: cooling:is-carried out in-more ‘than’ one
step. - However;. this invention' involves-the carrying:out
of - the cooling: and.- concomitant pressure; reduction in
more-than- one step.. By”ca'rrying out this operation-in
stages; the total investment:in equipment and the operat-
ing. costs -are substantially. reduced: .

An object of this‘invention is- to provide-a method for
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storing.easily: liquefiable, . normally gaseous - fluids sin-‘the -

liquid-state.. Another object of ‘this inivention is-to- pro-
vide an-econemical method-for. stormg such material-at
substantially atmospheric pressure; * Yeét another: object
of this-invention.is-te-provide-storage wherein' the cost of
storage-and-accessory: equipment-is-less than conventional
high pressure equipment-for storing-the same volume: of
material. - Still- other objects” and- advantdges of  this: in=

vention' will “bes réalized -upon - reading: the following:de- -

scription’ which; - taken: with' thes attached™ drawing, réspee:
tively describes-and illustrates:a: preferred embodiment;

- Thissdrawing! illustrates, -in diagramiatic’ fofr;: an ar-
rangement-of :apparatus- parts for carrymglout the* process
ofiniy invention;:
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I the drawing reference' numeral P idéntifiés’ a pipe
through- which the liquefied- gas for storage i received
Réfetence
riumeral 3 identifies a’ relatrvely small high pressure tank
which-is' of sufficient size to- contain- & plpe-hne pumping,
or' the"volume- of liquid" received: in one shipment- Pipe
1 is sufficiently large- to- transfer” the- shrpment of liquid
for “storage- at' the pipe- lifte receiving-rate, oF at-a- rapid
transport truck or tank- car unloadmg rate; Reference
riumieral 5*identifies' an* éxpansion -valve which:is adjusted
at’ the' proper opening' i order to permit: an appreciable
pressure- reduction ofi- passage of- the 11qu1d through-the
valve: For example, whep: hqurd propane: i recéived: at,
for example; 180°td' 200 P.s i g. (pounds pert square inch

“gatige), valve § permits’ & pressure reduction’ t6; for- ex-

ample, from 160 to 175 p.si.g. On experiencing this pres-
sure rediction, the‘liquefied gas-flash-vaporizes' on passing
throughthe: valve' § arid-a‘spray: nozzle9, -with the result
that @0’ appreciable: proportion of- the! propane- remains as
a~cooled-liguid- while*the rerainder- vaporize
or refrigeration is-theén' required only” at such:
tank- feritperatiire-exceeds-81° to' 87° F., the-teniperatiires
atl which- propane has: vapor pressures of 160 and 175
P’ 34

&' predetermmed préssure; for exarnple 175¢ psrgv this -

) pressure 1s transnﬁtted through a prpe— 75 to a pressure

wrth & motor for startmg ‘a pump 17: Pump P

ably réferred’ to-as-Beihg a’ compressor: “Thi§ upon ac-
qiiiring-the: raentioned: predetermmed» maximif pressire
iip tink-3§-controller 79 starts ‘cotpressor: '
pressor withdraws: vapor from-tank 3 throtgh- a- pipetld,
with mamially-operable valves 13 and <15 Being open;-and
d1‘ harges the vapor- at: a pressure« somewhat above~ 200

leads the compressed gas to ‘an condenser 21« whrch is* op-'
erated at: siich? a’ teiriperaturs: as: to conidense! the' com-
pressed. propané: Comndensate: flows: on- through -conditif
19-and:throughian-openivalve23;-an’ eXpansion -valve' 25;
and through-aspray: iezzle 7 into  tink-3: This condens
sate;:sithilar'to the:liquid® ehteriiig ‘tank: 3°ffom pi
partially:vaporized; resultifig in-production-of-cold: llqurd
and-vapor. Vapor from: spray-nozzlé 7 is-alsd-withdrawn
from tark 3-through'pipe* 11 an@*Hows the simie’ circuit
asw just - described: for the® vapor’ fiom spray’ nozzle” %
Since:the-rate: of ‘transfer:of liguid- through:pipe 1 is rela-
tively: great,. iti is” desirable: under: certain? conditions: to

“provide: a- second: and- relatively large- compréssor: 76

‘which -assists-in: compressing:the-relatively - large- volinme
of:vapor: from:tank: 3 while: receiving liquid:for storage:
However;under-other: circumstances, conipressors-17 and
76 have- similar capaeities’ s6- they’ are mterchangeable
If: receiving temperature: fromi 4 pipe’line’ ot~ tank car is
seldom: above about 81° to: 87° F:, refrigeration is“then
not: required: in-the receiving tank-.-» Presstire: controller
79 communicates with a: motor valve 81 theréby: opemr_ig
the valve:in-response:to’a predetermmed ‘high" pressure in
tank 3; A-motor-valve 82 in: a mianifold pipe 26 'is’ also
opened’ by the-actuation: of: the -pressure” controllei: 797 at
the same-time-valve 81'is opened: Alse; at'the same time,
the :controller- actuates-a switch which’starts the metor to
drive compressor 76 for ‘compressing-vapor in: excess over
that. compréssed - by comipressor: 17. This;  when® large
volumes of vapor are’ evolved in. tank: 3; -préssiire- coni-
troller: 79 is- provided for starting coinpréessors:17-and> 76

At'such a time-that'the volumé-of liquid entering: tank

3 from’ pipe 1-is 'not'so large; and ‘pumps-17 and’76 with-

draw- the: vapor from tank’3 at-a faster rate than- the rate -
at which it is formed; the pressure’ within the’ tank. dé-
creates! below the-aforementioned misxitiim pressuré and

- controller79*actiates the switéh ahd motor to stop com-
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pressor 76 and to close motor valves 81 and 82. In this
manner pressure maintenance may be accomplished by the
operation of compressor 17 alone. In this manner pres-
sure maintenance in tank 3 is accomplished at a lesser
cost than when both pumps are used. When liquid is
present in tank 3, upon opening valves 35 and 41 in pipe
33, liquid at the pressure in tank 3 passes through this
pipe and through an expansion valve 45 and through
a spray nozzle 47 into a storage tank 42. This tank is a
low pressure storage tank, that is, one designed to cper-
ate at a maximum pressure of, for example, 1 p.s.ig. As
the liquid in pipe 33 passes through expansion valve 45
and spray nozzle 47 into the zone of reduced pressure,
further flash vaporizing and cooling takes place. On the
final transfer of liquid propane into tank 42, the temper-
ature of the liquid in tank 42 approaches its normal boil-
ing temperature which is about —44.5° F. However, it
is preferable to carry at least a little pressure above at-
mospheric in tank 42 so as not ever to be below atmos-
pheric. ) A

By operating tank 42 in such a manner that the liquid
propane stored therein is maintained at a temperature at
or very slightly above its normal boiling point, the tank
is not constructed for pressure storage. In other words,
tank 42 is a relatively inexpensive tank as compared to
one constructed for storage of propane at atmospheric
temperature. As liquid propane enters tank 42 through
expansion valve 45 and spray nozzle 47, a portion of
this propane vaporizes and the vapors so produced fol-
low a compression and condensation cycle similar to
that explained relative to tank 3. This cycle involves
withdrawal of vapor through a pipe 49 with manually
operable valves 51 and 87 being open for passage of
vapor to the inlet of a compressor 53. When the propane
in tank 42 reaches, for example, the aforementioned
1 p.s.ig. pressure, a pressure controller 93 actuates a
switch which starts a motor for driving compressor 53
for compression of the vapor from pipe 49. Compressor
53 discharges compressed propane through a pipe 54
"into a pipe 55 for condensation in a condenser 57. Con-
densate therefrom passes through an open valve 59 and
through an expansion valve 61 and a spray nozzle 63
into tank 42. Particularly when this system is being
started up and all equipment is warm, or during the time
propang for storage is entering the tank, the volume of
vapors formed through the spray nozzles is very large.
Thus, in tank 42, under this condition, this large volume
of vapor is compressed in two compressors, that is, a
compressor 77 in conjunction with compressor 53. Pres-
sure controller 93 actuates in response to the aforemen-
tioned 1 p.s.i.g. and starts pumps 53 and 77 and opens
motor valves 85 and 86 for pressure maintenance in
tank 42. A valve 78 is opened manually to allow com-
pressed propane from compressor 77 to enter manifold
20 at a pressure of about 260 p.s.i.g. along with com-
pressed propane from compressor 53. The combined
propane is condensed in condenser 57 and the condensate
is flash vaporized in expansion valve 61 and spray noz-
zle 63. When the tank 42 and its accessories are cooled
to the desired propane storage temperature, the volume
of vapor formed through the sprays entering tank 42 is
greatly reduced and the auxiliary compressor 77 will
then not be needed. In this case the pressure controller
93 actuates to open the switch for stopping pump 77
and for closing valves 85 and 86. In this case, then,
only the single compressor 53 is used.

One important point of my operation is the sizing of
tank 3 for accommodating a shipment of liquefied propane
at a rapid unloading rate and then transferring the
propane from tank 3 through pipe 33 into tank 42 at
a sufficiently slow rate that compressor 53, which is a
relatively small compressor, can maintain a pressure at
or below the aforementioned 1 p.s.ig.

Similarly, when tank 3 is receiving a shipment of
propane from pipe 1, excessively large volumes of vapor
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are formed and the two compressors-17 and 76 are re-
quired for pressure maintenance in this tank. Further-
more, under the condition that the liquid propane in pipe
1 is abnormally warm, or if propane flow through pipe
1 is greater than normal, pressure controller 79 starts
compressor 76, and in extreme cases the controller opens
valves 83 and 84 and compressor 77 is started manu-
ally. In this case manually operable valves 81z and
84a are opened and manually operable valves 83a and
78 are closed. However, if the propane is received from,
for example, a pipe line which transports liquid propane
at a temperature considerably below summer atmospheric
temperature, it may be that a single compressor, such
as compressor 17, is sufficiently large for pressure main-
tenance during filling of tank 3. .

Under either of these aforementioned temperature con-
ditions, after the tank cars and/or trucks are unloaded
or the complete pipe line slug has been received in tank
3, pump 17 alone can maintain proper pressure in tank
3. After the shipment has been received in tank-3, trans-
fer of the liquid propane from tank 3-through pipe 33
is started. However, -it is usually preferable to start
transfer of liquid into tank 42 as soon as sufficient liquid
is present in tank 3 that a pump, as pump 39, is cer-
tain not to go on gas.

It is realized that such a storage tank as tank 42 must
be properly insulated, as by insulation 43. As desired,
tank 3 is or is not insulated. In other words, it is not
critical or essential that tank 3 be insulated. Whether
tank 3 is or is not insulated may be determined for
each individual installation, taking into consideration cost
of insulating and maintenance versus increased operat-
ing costs without insulation. However, according to
ambient temperature, temperature of propane received,
etc. it may be desirable to operate the receiving tank at
temperatures and pressures substantially below those men-
tioned hereinbefore. In such a case imsulation would
probably be required. In some cases an operating pres-
sure in the receiving tank of 100 p.s.i.g. (55° F.) might

prove advantageous.

When' storing butane, liquid ammonia, natural gaso-
line, or other high pressure liquids, corresponding tem-
peratures and pressures will need be selected for the re-
ceiving tank, with or without insulation, as will be under-
stood by those skilled in the art.

Under some conditions, the pressure of the propane
in tank 3 is sufficient for transfer of the propane through
pipe 33 into tank 42 without need of a transfer. pump.
However, under some conditions, it may be desired to
provide a transfer pump. In this case a valve 41 is pro-
vided in pipe 33 and on either side of this valve a by-
pass pipe 37, containing a pump 39, is provided as il-
lustrated. Suitable valves are provided in pipe 37 on op-
posite sides of pump 39.

Tank 3 is provided with a vent pipe 27 which con-
tains a relief valve 29 for pressure relief in case of
emergency. Similarly, tank 42 is provided with a vent
pipe 67 which contains a relief valve 69. Vent pipes 27
and 67, as illustrated, connect with a pipe 31 which may
lead to a flare for burning vented gas or it may lead
to a useful disposal, such as a tank, for accumulation
In case com-
pressors 17, 76, 77 and 53 are driven by gas engines,
these engines may be powered in part by the vented gas.
The remaining fuel for operation:of these engines can,
if desired, be obtained from the propane being stored.

In tank 3 reference numeral 10 identifies liquid propane
while reference numeral 12 identifies the vaporous pro-
pane. - Similarly, in tank 42 reference mumeral 65 iden-
tifies the liquid and reference numeral 66 identifies the
vapor. Reference numeral 73 identifies a manifold pipe
which contains the aforementioned valves 81, 83 and
85. Motor valves 83 and 84 are provided in their re-
spective. manifolds in case three compressors are ever
needed for withdrawal of vapor from tank 3. This mani-
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folding, makes: for economy in the need for prov;sxog of
only a8 minimum number of compressors..

_A pipe 71 is provided for withdrawal of stored propane
from tank ‘42 for passage to, transportation or. to such
use as desired. Numerous manually operable. valves,
some of which have been identified by referen nu-
meérals and some of which have mot, are in. general pr

q-
vided ag safety features or as valves for closing off cer-
tain portlons of the equipment, for maintenance DUIposes.
" The receiving tank 3 can be Spheres, spheroids; cigar
shaped, or any other shape, suif; ,le for the purpose. at
hand. o ,
The foHowmg example illis
low pressure. storage of thi
conveittional hizh pressure, st
voluines of liquefied propane.

250 ,000 bbl. storage i

‘I ©ne 250,000 B Pome-Hoof- Tank

- Priok Art. H. P (250 pisd.g)
‘ " -Storage PalE anda25,000 Bbl Reci Ly

Standard 30,000 gal, tanks; 395 One dome roof tank,?’ 1 D. sl
tanks required
Bach lank=37 tans:steel ... oo

Total steel (395 tanks)=14,615
- tans.: o

tons Steel. .
Total steel= 1348 tons. - <L

1 Weight of piping, etc., not include d

‘1 Dome-roof tank madé of rings of progressively Iighter plate up the )

tank.

., It« is thus seen that there is a marked saving in-steelo
tonnage, i.e., 14,615—1,348==13,267 tons -of steel saved .

in. tanks alone.  Much less piping also. is required; in my
system. than. required for eperation of 395. spaced pressure
tanks. - Valves and other eqmpment requirements are
also less.

An-additional safety feature is-invelved in the system
of this: invention.” In case-of the unlikely occurrence of

an extended failure of compressors, etc., the flare is'pro- -

vided for vapor disposal. In case the low pressure stor-
age. tank is full of liguid, a shutdown of 24 hours or more
would. be- required for the tank working pressure to-be

exceeded and the relief valves to epen for venting; The '
time required for-a part full tank to exceed working pres- -

sure varies with the level of the liquid in the tank and the
thickness. of the insulation. The least desirable: condi-
tion: is: at such a time as the tank is nearly empty. In

s

Use 3-—3,300: bbl., 13" x 125" receiving tanks:
Design pressure, 175 p.si. g
‘Working pressure, 160 p.s.i.g. at 80° F.
1—380,000 bbl., 120’ x 40’ dome-roof storage tank
- Working pressure, 1 psxg at —53°F.
.+ 3" insulation O
; . Transfer rate, 50 g.p. rn
- Days to fill storage, 47
Esumated- investment cost, $6.00 per harrel storage
Estu'nated operatmg cost, $(L15 per: barrel of throughput
iperyear © - -
Co ‘ parable conventronaI S
High pressure storage, $19.00 per- barrel
Operating’ costs, neghgrble o o

I thiese: examples it is readily observed that the capl-

‘tal ifvestrent ‘is markedly less When the’ process of my

favéntion is used. -
: The vent: pipés 27 and 67 are provxded mainly: for the

- ‘unlikely' occurrence of ‘an: extended failure of all com-

: ‘pressor ‘equipthent.-

working pressure, 925 tons St
One 25,000 Hbls receivmg tank, 423 ©
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this .case the amount of vapor lest to the flare is corre- :

spondingly- less.

Liquid anhydrous ammonia beils at about —28° F at
atmospheric pressure. Such: ammeonia is then stored in
a dome-raof, low working pressure tank as herein dis-
closed, at a temperature of about —25% F. (at 1 p.s.ig.
pressure). Liquid butane and natural gas gasoline of
vapor above atmospheric pressure are stored as herein
disclosed.

While I have illustrated a system, for receiving 25,000

barrel volumes of liquefied propane with a one-tank stor- .

age capacity of 250,000 bbls.; it is realized that installa-
tions of other sizes, larger-as well as smaller, can.be em-
ployed using the storage system. as herein disclosed: -

The condensers 21 and 57 are, as desired, water cooled
if sufficient cooling water is available, -or they are air
cooled. Preferably one or more blower fans provide air
circulation in case the condensers are air cooled.

By providing four compressor unifs, as herein disclosed,
operating costs are less'than when a single unit is- used
for the receiving tank and a single unit for the.storage
tank. With four units operating cost is less by operating
only as much capacity as required.

For the storage of 94,000 barrels of propane is the
following:

10,000 bbl. min. slug size, 15,000 b.p.d. (438 gpm)
receiving rate
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~Jn such a case, the ‘vented material
is passed through these vent lines -and their correspondmg
relief valves to:‘a flare- or-other disposal -as mentioned.

‘For most installations the low pressure tank; such- -as'tank .
“4%;“should: be: ‘insulated; and:‘with a full tank of- liquid
propane, “as: mentioned’ hereinbefore, “a shutdown:of 24 . .-

‘hours ‘or more would be requlred for ‘the tank working

pressure-to be- exceeded: - Fhat is, in case the liquid-were -

maintained in-the- tank at its normal beiling: point of
—44:5° ‘F., 24 hours or more' would be required for-the

-temperature of the contents thereof to reach siuch’a value

that the: vapor pressure. ‘would be 1 p.s.iig.”+The-number
ef Hoursrequired for the w: ling'up- of the ‘¢onteénts of -
the tank when -only partly filled"are less than required for
& full tank: - The most serious consideration from- this
point” of view would be when a tank is nearly empty;
then ‘a relatively short time might be required for the
vapor to be vented through the relief valves. However,
in this case, if compressor repair-were not quickly made,

“only a relatively small amount of propane would be lost.

The system as herein disclosed probably has its greatest
application’ in - the storage of large volumes of liquid
propane for natural gas utility peak-shaving. By the
term “peak-shaving™ i§ meant in case a utility has an am-
ple volume of, for example, natural gas available for nor-
mal use but does not have a sufficient volume: of natural
gas for peak seasonal use, then the large stored volume of
propane satisfies’ the peak requirement. In such a case,
propane is withdrawn from the storage tank, is vaporized
and is. admixed with sufficient air to bring down its B.t.u.
content to -that required for mixing with the available -
natural gas to meet contract requirements.

Thus, according to this invention, compressors 17 and
76 are sized to handle vapors produced by transfer of
LPG at conventional unloading rates into the receiving
tank, and then the LPG is transferred from the receiving
tank 3 to the storage tank 42 at a slow rate so that small
capacity, and thus less. costly, COMPressors 77 and 53 can.
be used for pressure maintenance in the storage tank dur-
ing . the “transfer and for. pressure iaintenance during
storage, i.e., without trarisfer of liquid from tank 3. ~This
latter pressure maintenance merely offsets increase of
pressure due to temperature radiation from the atmos-
phere through the insulation into the contents of the tank.

The switches herein disclosed in conjunction with the
motors for driving the several compressors and the several
motor valves may be pressure actuated apparatus. The
controllers can be, if desired, pneumatic, electric output
signal controllers. = Furthermore, the controllers can. be
pneumatic output signal controllers, in which case. the
switches which open and close the power circuits to the
motors driving the compressors are pneumatically oper-
ated switches. It is within the scope of this invention to
use electrically actuated valves and switches, In either
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case the proper pressure controllers 79 and 93 are selected
for pressure or for electrical actuation of equipment. -

While certain embodiments of the invention have been
described for illustrative purposes, the invention obv1ously
is not limited thereto.

While two compressors are disclosed as being used in
conjunction with the unloading tank and two compressors
with the storage tank, it will be realized that more than
two compressors, such as three or four compressors, or
any desired number, can be used with the unloading tank,
and also with the storage tank. - Obviously, when more
than two compressors are used with either the:unloading
tank or with the storage tank, piping and controls will be
supplied accordingly.. While it is disclosed hereinabove
that compressors 17, 76 and, 77 can be used. for compress-
ing vapors from the unloading tank 3, with compressor
53, only, being employed.on vapors from the storage tank
42, it is realized that compressors-53; 77 and 76 under
some conditions can be used on vapors from-the storage
tank 42 by opening valves 83a, 81qa, 78 and 84a, with, of
course, valves 81 and 82 being.closed. In this latter case
valves 83 and 84 obviously are disconnected from:con-
troller 79, and they can be opened manually, or‘they can
be attached -to controller 93 for. operation therewith.

I claim:

. 1. A method for the 11qu1d phase storage of an easﬂy
hqueﬁable normally gaseous fluid comprising reducing
the pressure of said material from a superatmospheric
pressure to a lower superatmospheric- pressure and. at
the lower pressure passing the material into a receiving
zone, in a first spray flash vaporizing operation wherein
liquid .and vapor result, withdrawing flash vapor from
said. receiving zone, compressing ‘the withdrawn vapor,
condensing the compressed vapor thereby producing a

first condensate, reducing the pressure of said first con- .

densate to said lower superatmospheric pressure and at
the reduced pressure passing the condensate into said
receiving zone in a spray flash vaporizing operation
wherein liquid and vapor result, withdrawing liquid from
said receiving zone, reducing the .pressure of this with-
drawn liquid from said lower superatmospheric pres-
sure to a still lower superatmospheric pressure and at
this latter pressure passing the liquid into a storage zone
in a second spray flash vaporizing operation wherein
liquid and vapor result, withdrawing flash vapor from
said storage zone, compressing the latter withdrawn vapor,
condensing the latter -compressed vapor thereby produc-
ing a second condensate, reducing the pressure of said
second condensate to said still lower superatmospheric
pressure and at the still lower superatmospheric pressure
passing the second condensate into said storage zone in
a spray flash vaporizing operation wherein liquid and
vapor result, and storing the liquid in said storage zone.

2. A method for storing liquefied petroleum gas com-
prising reducing the pressure of said liquefied gas from
a superatmospheric pressure to a lower superatmospheric
pressure and at the lower pressure passing the liquefied
gas into a receiving zone in a first spray flash vaporiz-
ing operation wherein liquid and Vvapor result, withdraw-
ing flash vapor from the receiving zone, compressing
the withdrawn vapor, condensing the compressed vapor
thereby producing a first condensate, reducing the pres-
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sure of said condensate to said lower superatmospheric
pressure and at the reduced: pressure passing the con-
densate into said receiving zone in a.spray flash vaporiz-
ing operation wherein liquid and Yapor result, withdraw-
ing -liquid from said receiving zone, reducing .the pres-
sure of this withdrawn liquid from said.lower super-
atmospheric pressure to a still lower superatmospheric
pressure and . at this latter pressure passing the liquid
into a storage zone in a second spray flash vaporizing
operation wherein liquid and vapor result, withdrawing
flash vapor from said storage zone, compressing the latter
withdrawn vapor, condensing the latter compressed vapor
thereby producing a second condensate, reducing the
pressure-of said second condensate to said second super-
atmosphenc pressure and at this latter pressure passing
the 'second condensate -into ‘said storage zone in a spray
flash vaporizing operation wherein liquid and vapor result,
and storing the liquid in said storage zone.

3. The method of claim 2 wherem sald hqueﬁed pe-

‘troleum gas is propane.

"+ 4. The method of claim 2 wherein said liquefied pe-

troleum gas is butane,

5. The method of claim 1 wherem said material is a
natural gasoline.

6. The method of- clalm 1 wherein"- sald matenal is
propane.

7. The method of clalm 1 wherem sald matenal is
-‘butane.

8. The method of clalm 1 wherein said material is
anhydrous ammonia.

9. A method for storing liquefied petroleum gas com- ,

prising receiving said liquefied gas at a superatmospheric
pressure, passing the liquefied gas into a receiving -zone
wherein liquid and vapor result, withdrawing flash vapor
from the receiving zone, compressing the withdrawn
vapor, condensing the compressed vapor thereby produc-
ing a first condensate, reducing the pressure of said

condensate and passing the condensate of reduced pres-

sure into said receiving zone wherein liquid and vapor
result, withdrawing- liquid from said receiving zone, re-
ducing the pressure of this withdrawn liquid to a second
superatmospheric pressure, said second superatmospheric
pressure being only slightly above atmospheric pressure,
and at this latter pressure passing the liquid into a stor-
age zome in a spray flash vaporizing operation- wherein
liquid and vapor result, w1thdrawmg flash vapor from
said “storage zone, compressing the latter -withdrawn
vapor, condensing the latter compressed vapor thereby
producing a second condensate, reducing the pressure of
said second condensate to said second superatmospheric
pressure and at this latter pressure passing the second
condensate into said storage zone in a spray flash vapor-
1zmg operation wherein liquid and vapor result, and stor-
mg the liquid in said storage zone. .
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