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CRYOGENIC TECHNOLOGY 

A. 'tVhilc the techniques of liquefying and handling na

tural gas are a relatively recent development, they are 

rooted in cryogenk technology which began over ]00 years 

ago. This technology was continually Tefined and improved 

upon through the efforts of suppliers of liquefied gases to 

Illeet the ever expa nding industrial needs of our society. 

Research laboratories have also a ided the deve lopment of 

th is technology by developing melhods of producing low 

temperatures (or their experimental projects. 

R ecen tl y a !lew thrust in the advance of cryogen ic tech

nology has developed under the j nO u(;ncc or the space 

efforts. Liquid oxygen and liquid hydrogen arc widely used 

as missile fuels. The cr itica lity of manned rockets and 

ballistic missiles has placed high demands on the integrity 

and safe ty of liquefi ed gas systems. 

I nterest in LNG was first shown by the British Govern· 

ment in 1917 and various patents fo r transportation, lique· 

fa ct ion , storage and delivery o f LNG were issued during 

the yea rs .1920·1940. During the p eriod 1940· 1944 severa l 

LNG plallts were constructed througholl[ the country. 

B. One of the above plants was a plant constructed in 

1'141 in Cleveland, Ohio, and in which a sto rage tank failed 

in 1944 resu lting in a disastro us firc . A colllribming [actor 

in this disaster waS thc lack of su itable diki ng arou nd the 

tank, the liquid natural gas flooding a large area in a ll 

directions and later igniting. 

The Bureau of Min es report of investigation on the tank 

failure indicated thac the most probable cause ror such 

failure was th:1t the 3.5 percent nickel steel used for the 

inner she ll may not have been suitable for the tank. 

(Later rcsea rdl showed that 3.5 percent nickel steel had 

low impact res istance a t the serv ice temperature of LNG .) 

The ge ll eral conclusion of the Bureau of Mines repon was: 

"Regardless of the cause of the disaster of the liquefac

tioll. storage and l'egasification plant of the East Ohio Gas 

Company, the application of the sys tem for liquefying and 

sLOring large quant ities of natural gas is not invalidated, 

prov ided proper precautions are observed". 

Since the disaste r in Cleveland in 1944, many LNG plants 

ha\'e been constructed throughout th e coun try. The de

signs of such plalllS and the technologies involved have 

been grea tl y disciplined by concepts of safety. 

C. At present there are two (2) liquefied nalllral gas 

(LKC) storage plants undergoing construction in New 

York City. The~e construction projecl5 were au thori;ted by 

the Board of Standards & Appeals and [hat agellCY fi xed 

the respo nsibility for the des ign of the fire protcctioll 

features of the plants wi th the J,,\icw York Fire Depart

ment. The first LNG plant to undergo construction is 10' 

cated in the Green point section of Brookl yn , while the 

oLher plant is localed in the Gulfport sect ion of State]! 

Island. 

Before any speci fic com ment is made relative to the ahove 

two plants, it is believed that background inform;nioll 

relative to th e scien ce of cryogenics. phys ica l properties of 

LNG and the theo ry of Li'\G plant opera tion sbou ld be 

presented for a [uller apprec iil tion of lhe fire protect ion 

problems presented in the d es ign , co nstruction and openl

lion of the LNG plants. 

D. Cryogenics or low temperature physics is the !>cicncc that 

is concerned with the behavior of matter at very low tem· 

peratures. The word cr yogenics is derived [rom the Greek 

word "Kryos" which lTleans cold and usually includes those 

temperatures below - 250°F. 

To liquefy natural gas, a temperature of below -258°I 

at a tmospher ic pressure is required. Jkcause o[ thi s facLOr, 

liquefied natural gas will be seldom viewed in this phase. 

However, it ca n be descri bed as an energy packed liquid 

[uel that is basically colorless, tasteless and odorless. The 

gas has a specific gravity of 0.5 to 0.6 as compared to 1.0 

for air and is the only hydrocarbon vapor which is lighter 

[han a ir and will disp erse rapidly. The spec ific gra vity 01 

[he liquid is 0.45 as compared to 1.0 for water. 

Natural gas is composed of varying proportions of meth

ane, e thane, nitrogen, carbon diox ide, water. acid gases, 

sulphur, propane and butane. (The greatest proportion is 

methane. ) 

LNG does not burn; i t is only Lhe vapor ri sing fro m the 

liquid that can burn and on ly when the gas.ai r mixture 

is within a ratio of 5 to 15% gas. In the a tmosphere :1 

pool oE LNG wi ll immediately begin to v"porize and the 

area of poten tial flammability will be d efined by the cloud 

of vapor surrounding the spill. To ignite this vapor i[ 

will require a source of ignition with a temperature of 

approximately I I 70 °F. Outside the vapor cloud the gas 

will be too d ispersed to ignite by an y mea ns. Explosions 

can only occur if three (3) conditions exist simultaneously: 

the proper gas-a ir mixture m ust be present, the gas-a ir 



Above is an artist's rendering of the LNG Plant now being constructed in Staten Island. Attention is called to the earth berm which 
has be!!n required to be built around the tank. The berm provides effective protection against failure of the LNG storage container. 

mixture must be confined and sufficient ignilion energ) 
must be introduced. 

incrc<lsed recognition of the great saving~ in slOrage vol· 
ume obta ined by the liquefaction of n:lturaI gas (six hun · 
dred and twenty cubic feel of gas is converted into one 
cubic fOOl of liquid in the cryogenic process) has lead im· 
petus to the developmelH of the modern LNG plant. 

E . A LNG plallt is one in wh ich natural gas is liquefied and 
stored for later regasification and usc. There arc four (4) 
basic in terrelated processes involved in the overall opera
tion oC sHch pl<tnts, i.c., purific<ttion, liquefaction. storage 
and vaporization. 

AlLhough th e incoming natural gas is clean by all stan· 
dards. it must be passed through a purification process in 
order to remove certai n constituents which would solidify 
and freeze up the eq ui pment in the gas stream. For the 
purposes o( this article it is suffidellt to state that the feed 
gas is purified and prcpared for liquefaction through the 
use of amine processes or molecular sle\'cs. The major im
puriLics that 3.re removed are C02 and traces of sulphur 
compounds with water being removed through a dehydra
tion unit. The "heavy ends", propane and butane, arc 
abo removed in the p urification process. 

The purified nattlr:ll gas is liquefied normally through ;) 
process \ ... ·hich involves a compressing of the gas to a high 
pressure and then subjecting it to a series of cooling proc
esses. EvelHually the feed gas is Oashed into liquid storag<.: 
at _ 268 °F by reducin g- the stream to atmospheric pressure. 

The liquefied gas is then stored in the storage tank 
whi ch can be anyone of the four lypes which have been 
developed up to this timc. namely, above-ground metallic 
contail lcrs. above-ground cylindrical prestressed concrete 
containers, below-ground cyl indrical prestressed concrete 
containers and below.ground in ground cont(liners. 

VVithin any of the above cryogenic storage containers a 
continuous boil·off activity takes place which corresponds 
to water boiling in a pan. This is one of the most im· 
portant sa felY factors in the ent ire cryogenic technology. 
The fact that there is always some LJ:\"G being converted to 
gas within the storage container crealCS a slight positive 
pressure above the liquid level in the container. For this 
reason, it ii t\bsolutely impOSSible for air [0 get into the 
storage container and, since air is not present, it would 
he impossib lc for the material to ignite from lhe presence 
of an improbable spark within the container. 

Vaporization or regasificatioll involves the cha nging of 
the stOred nalural gas from a liquid to a g:1seous Slate by 
lhe addition of heat and is the final step in tlte operat ion 
o( a LNG storage fac il ity. The steps involved in this reo 
gasification operation are the pumping of LNG from the 
:,torage unit, v<tporizing the liquid to gas. controlling proc· 
ess flow, pressure and temperature and finally odorizing the 
send out stream. This ouorization is required because 
jique£aclioll processes remove any odors present in the in
coming gas stream. 

FIRE HAZARD EVALUATION AND FIRE 

PROTECTION PROGRAMMING 

A . The two LNG plants currently under construction III 

New York. City werc evaluated with the purpose o[ iden
tifying the potential emergency situations thal could de
ve lop when the two plants arc ill operation. The sitwuions 
envis ioned are as follows: 

I. Failure of the LNG storOlgc conta iner :-.hcll or bOltom 
resulting in the escOlpe of gas ill the liquid phase. 

2. Failure of LNG storage contain er roof resulting in 
the escape of gas in the gas phase. 

3. Fa ilure of the liquid piping or piping system com· 
ponelH resulting in the escape of gas ill the liquid 
phase. 

4. Failure of gas piping or piping sy~tem component re
su lting in the e~Gjpe of gas in the gas phase. 

S. Normal operation o[ system compollents sllch as rc
lief valves or bursting discs resulting in the escape of 
gas or liquid. 

B. After making an evaluation of the possible sources and 
types of rupture, spill or leak, a projection was made as 
to the existing hazard in the event of fire and the follm,·
ing considerations were developed: 

1. The main hazard would be onc of thermal ex posures 
to the adjacent surround ings. 

2. That the se\lcrity of the thermal exposure would be 
heavily influenced by the amount of fuel :I\'ailablt: 
to a fire. This availability of fuel was related 10 the 
ra[c and duration of a I"upntre, sp ill or leak in the 
poss ible areas of occurrence and provisions were 
built. into the fire protection package for isolating 



'·aln:s. gas and liquid venting, and dumping of fuel 
and lhe confining of liquid to a designated area in 
tbe eyent of rupture, spill or leak of LKG. 

C. In de\"eloping fire detection and extingu ishing systems 
for these plants it was theorized that: 

]. Automatic dry chemical extinguishing systems (sodium 
bicarbonate) \,'ould be necessary [or immediate con, 
trol of fires in selected areas of hazard. This would 
reduce the chance of an impi nging fire developing 
(fire hilling metal parts of tank, equipment or process 
piping) and becoming a source of re ignition after the 
initial fire was extinguished. 

2. I n manual fighting, the use of conventional hose 
lines (a ll purpose nozzles) coupled with an emergency 
shut-down and isolation system would be the best 
approach. It is recognized that fire fighting tact ics used 
in LP gas fires and emergencies would be applicable 
[Q these situations. 

D. The o'·erall fire protection plan ning goals for the L 'C 
plants can be summarized as follows: T o pro,' ide a means 
for lim iting the LNG spread from a rupture of the tank 
to tht; smalles t possible area.: to p rov ide a means [or re
ducing the rate and duration of leaks; to provide means 
for immediate fire and gas detection sensing systems keyed 
to the automat ic shut-do,,·n of the plant and to provide 
;tdequate means for automatic and manual fire fighting 
and cOluro!. 

It is believed that a review of the design features of the 
plants and their fire protection programs, as indicated 
in the following ponions of this article, will indicate that 
they more than meet the criteria for <t fire safe operation. 

BROOKLYN UNION LNG PLANT 

'The liquefied natural gas storage plant being constructed 
by the Brooklyn Union Gas Company is located at 438 
Yarick }-\.\"enue in the Greenpoint section of Brooklyn and 
is within the administrati\·e districts of the 11th D ivision, 
36th Battalion a nd Ladder Co. 146. 

A. L:\G STORAGE TANK DESIGK 

1. The storage lank is a vertica l cyli ndrical double shell 
tank lIS' in diameter, 9 1' high and will contain 
7,350,000 gallons of LNG stored at a temperature of 
_ 260°F under a pressure of .5 PSI. This liquid stor
age represents approximately 600,000,000 cubic feet 
of gas at standard conditions. The inner shell of 
the tank is made of 9% high nickel steel and the 
outer tank shell is constructed of carbon steel with 
perlite insulation being provided bet,,·een the twO 
tank shells; also, a dry nitrogen aunopsbere is re
quired between the inner and outer shells of lhe 
tank. The tank supports are fireproofed and also 
protected against temperatures of _260°F. 

2. All butt welds made in the construction of the tank 
were requ ired to be x-rayed and provisions were made 
for air space or electric heating under the foundation 
of the tank so (hat no soil upheaving occurs due to 
freezi ng undernea th. The tanks, piping and equip
ment are electrically grounded and provided with 
protection against lightning. In areas of possible haz
ard all electrical equipment is requi.red to be explo
sion prooL 

3. Dual sets of relief vah·es were required at the tanks 
and selected locations in the process piping between 
stop , 'aIves. SUdl relief devices are required to be 
connected to a "Rare stack·' eq uipped with flash ar
restors, or other suitable devices, so that vapors can 
be burned off harmlessly in the e"ent of a gas leak. 
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Above is the Brooklyn Un ion Gas Co. complex containing LNG. Th is 
plant. also under construction. is slated to be completed shortly. 

4. Shut-off valves, which operate automatically in the 
even t of emergency or fire and ,,·hidl can be operated 
manually in case of necessity, are provided at the 
tank, on the outside of protective dikes and at points 
in the process ing piping which isolate the various sys
tems of the plants from e(lch other. 

B. CO:\TA lNl~G DIKES 

The tank is surrounded by a main dike of earth 20" high 
with a 63' wide base. The dike has an area of 284 feet 
square and will have the capability of containing 150% 
of the storage lank capacity. If the emjre LNG content 
of the storage tank was emptied into the dike, the liquid 
level of the LNG would be 14' high, or, a distance of 6' 
from the top of the d ike. The dike is constructed to be 
liquid tight with no openi ngs (or pipes and underground 
channels, condu its, ducts or sewers permitted under the 
dike area. 

" ' ithin the main dike is a drain or catch basin for col
lect ing poss ible L?\G spi lls (the ground area within the 
dike is sloped towards the basin) and a pump is provided 
for pumping the liquid spill back into the process equip
ment of lhe plant for regasification. 

The main dike is enclosed by a second earthen dike that 
has the capability of containing· 125% of the storage tank 
capacity and no underground channels, conduits, ducts or 
sewers are penl1itted under the secondary dike area. 

c. PIPIKG AND VALVE DESIGN 

All connections to be welded and x.rayed with any 
gasketing materials to be of the rmal resistance design. The 
type of construction to be suitable for the temperature 
and pressures im·ohed. (Cryogenic piping to be in the 
processing area) and the piping in the process area to 

be tested at nm (2) times the maximum operating pres
sure or 100 PSI, whiche,·er is greater. 

D. EXPOSU RE PROTECTION AND WATER SUPPLY 

J. A primary vertica l water curtain can be set up at 
approx imately 200 [eet [rom the center line of the 
tank and ,,'ill be fed on the four sides of the tank 
by a sah water distribution system aULOmatically ac· 
tivated by fire sensing devices. 

A secondary ,,'aeer curta in is available outside of 
the primary '\'ater cllrtain by the installation of 
coarse nat spray monitor nozzles on hydrants sur· 
rounding the tank and process equipmen t. 

2. The water supply for the watcr protective curtains 
outlined abo\·e is supplied [rom ~ewton Creek 



through automatic fire p um ps. The system can be 
augmented through the use of fire boats, the super 
pumper sys tem and convelHional la nd unit pumpers. 
A requiremen t of this Di vis ion ,,·as that facilities [or 
th e setti ng up of a water curtain to protec t a fire 
boat must be provided . This protection consists of 
5-] 00 gpO"! spray heads or nozzles 50' apart a t the 
foot of Lombardy Stree t where the fire boat berth {or 
fire fighting is located. ·Water curta in protection was 
also required for the comrol house and dle salt 
water pump house. 

3. The water supply for manual fire fight ing as required 
in the plant vicinity is provided by the city water 
distribution system in the area which has been tested 
and fo und to be capable o( providing the required 
fire flows. All dead ends in the system in the area 
were m ini mized by the requirement that they be cross 
connected where\'er possible. 

4. Further exposure protection was built into we system 
by the requirements that the tank must be at least 
325 feet from ad j3cent bu ildings of the plant; that 
the tank must be at least 690 feet from the Gas 
Company property line; that the tank must be at 
least 750 feet from residential occupancies and that 
the tank m ust be at least 1400 feet from critical oc
Cllpan cies, SUdl as, schools, hospitals and theaters. A 
radiation study was conducted \\lhich was tbe basis fo r 
accept ing these distance factors. 

E . DRY CHEMICAL SYSTEMS 

Automa tic sod ium b icarbon ate fire ext inguishi ng sys· 
terns with. a minimum flow rate of .035 Ibs. per square 
foot per second have been requi red to protect the follow
ing areas of haza rd: 

1. R egasifi ca tion and cold box ar eas. 
2. T ank roof vents and blow-offs. 
3. Secondary dike al·ea con taining piping from LKG 

p um p and b lower. 
4. Catch basin in the mai n dike area. 

These systems to be of fix ed piping protected against 
mechanical, heat or cold dam age and to be acti\·ated 
automat ically by heat sensing devices. 

The sys tems to be augmented by a standby dry powder 
mobile truck with turret nozzle for separate use, and for 
connection into any fixed sys tem. 

The flow rate o( .035 Ibs. per square foot per second 
for dr y chemical discharge was decided upon after an an a ly
sis of reports relative to fi re extinguishing tests with dry 
chemical powder (sodium bicarbonate) conducted by the 
Bureau of Mines and the LNG ind ustry. The Department's 
required r ate of discharge is approx imately three (3) 
times that recommended by fire safety experts in the LNG 
industry. 

F. FIRE SAFETY lNSTRUME I'TATlON SYSTDIS 

1. A D avis combustible gas analyzer will continuously 
check the atmosphere for h ydrocarbon vapors. Eight 
(8) detector heads are located at various points 
u1roughout the plant. T hese analyzers are nOt tied 
into any automatic shu t-dml'n circuits. 

2. Ultra-violet detection devices which activate the dry 
chemica l systems, activate t11e fire pumps for the " .. ater 
curtains, automatically shut down plant operation, 
are connected to Cen tral O ffice (ADT). 

3. The LNG storage tank is equipped with pressure, 
temperature, liquid level and flow rate sensing devices 
on closed electrical cirCllits which automaticallv shut 
down operations in the e\'ent of unusual readings. 
P neumatic circuits were accept<lble in lieu of closed 
electrical circuits. 

TEXAS EASTERN LNG 

STORAGE FACILITIES · STATEN ISLAND 

T h is facil itv is located at the foot of River Road, Prall's 
River, Staten' I sland, and is within the admin istrative dis
tricts of the 8th Division , 22nd Battalion, Engine Co. 166. 
The plant will have a storage capacity of abou t 3.5 times 
that of the L::,\lG pbnt in Brookl yn and differs in tank con· 
struction from that plant. The process is an automated one, 
operating under one plant attendant per shift with possible 
additional personnel as required_ 

A. Ll\G STORAGE TAl\K DESIGl\ 
I. The tank is a reinlorced concrete tank, POSt su·essed 

w ith stee l wires after pouring and atta ining 90% of 
28 day strength. This stress ing has been done \"Crtical
Iy and circumferentially to assure that th e concrete 
\\·ill remain in compression during all phases oE tank 
operation . 

2. The tank is 267' inside diameter x 106'7" high (liquid 
storage level o f 61' h igh) and is surrounded by a 
man-bu il t earth berm to a height of 66'7" above grade. 
This earth berm is sloping earth fill around the tank 
which provides the safety features and insulating 
charac teristics of in grou nd storage faci lities. This 
earth berm will provide a safeguard aga inst the 
spreading of LKG throughout tbe area as a result of 
tank failure and is approx imately 15' wide at its top 
and slopes off at 1 Vz to 1 slope. Access roads will be 
provided to the top of the berm. 

3. LNG is to be stored in thi s tank at ·260° F and the 
tank.. has a capacity of 25,000,000 gallons of L NG. All 
fill lines, vent lines, and product wi thdrawal lines are 
through the top of the tank. This design feature 
conforms to the concept of not having the integrity o( 

the walls of the concrete tank being violated by pipes 
or 01111"1' appllrl.f"nanc:es. 

4. H eat ing cables are installed below the tank to guard 
against any frost heav ing of the soil under the tank 
founda tions. T he roof, walls and Boor of the tank are 
insulated with urethane foam. T he wa lls and Aoor 
w ill have a laminated meta llic p lastic liner held in 
place by aluminum la ttice and trussed to pre \·ent 
leakage of L NG. 

B. EXPOSURE PROTECTION 

1. A survey of the area r evealed that there were two 
possible areas of exposure in the even t of an LI\-G 
nre involving the storage tank. r\. Consolid ated Edison 
plant is approximately 500' distance from the storage 
tank and the Gulfport tank farm is approximately 
1265' from the storage tank . 

At the r equest o( this Division. a study was made 
by an ex pert in the field of radiant heat on the ex
posure problem to the Con Edison and Gul fport 
property. The study was made on the premise that 
the entire content of the tank was in voh'ed in fire 
and was permitted to burn out. (.A per iod of 45 
hours is involved) . The repon reached the conclusion 
that little exposure problems existed as the maximum 
temperature that would reach the Gulfport tank farms 
is approximately 165°F and the max imum tempera
ture reach ing the Con Ed ison faciljty is approximately 
340°F with wind condit ions of approximately 60 mph. 

2. .-\1 1 of the buildings comprising the complex are of 
incombust ible construct ion and fire loading is limited 
to a building which will be used as an office, ware· 
house and garage. This building will be protected by 
an exterior sprinkler system and the Compressor 
Building will be protec ted in the same manner. 
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c. "',ITER SUPPLY 

1. The source of water will be unlimited (.\nhur Kill) 
and will be made available through a yard hydrant 
system fed b) a fire pump rated at 7500 gpm at 100 
psi. The fire pump can be augmented by a fire boat 
and the slIper pumper system. Seventeen (17) fire 
hydrants arc in the yard hydrant system and spaced 
250' apart. 

2. In making a dercrmination as to the amount of water 
needed [or fire fighting purposes, it was recognized 
that a fire ill\'olving the contents of the lank ,,"ould 
nOt be suscept ible to extinguishment through the lise 
of water. II was felt that water would be required to 

control any possible reJaliYcly small LNG fires occur
ring from breaks in the process equipmcnr, to ex
tinguish brush fires o n [he plant site, LO extinguish 
IllOlor vehicle fires at thc plalH site, to provide water 
supply for the outside sprinklcr!> protcning the Com
pressor Building and the office, warchouse and garage 
buildi ng. and to provide for exposure protection to 
the LNG ~LOrage tank from any fire involving the 
Long Island Pipeline whidl runs underground ap
proxim~Hely 225' from the tank. 

D. DRY CHDII CAL SYSTEMS 
1. .\utomatic sodium bicarbonate fire extinguishing sys· 

tems have been required to prOtecL the following 
areas of hazard: 
a_ Storage lank p umps (an area of 3880 sq. ft. sur

rounding the pumps) . 
b . Cas compressors (a n area of 2500 sq. ft. surround

ing the compressors). 
c. Storage lank roof vent (an area of 135 sq. ft. sur

rounding the vellt) . 
d_ VClpor izer booster pumps (an area of 900 sq. ft. 

surrounding the pumps) . 
e. Liquefaction unit (an area of 6300 sq. ft. surround

ing the unit). 
2. These systems will be augmented by J. dry chemical 

truck of at least 4000# capacity and 150 lb. wheeled 
dry chemical units. 

3. The now race of .035 lbs. per second per sq. ft. o[ 

sodiu m bicarbonate, as required in the BrOOklyn 
Union LNG plant. has been made a requirement in 
lhis p lant. 
KOTE: As the process system des ign has not yet been 

finalized, some minor changes may be made 
in areas to be protected by dry dlemical 
powder. H owever, the co\'erag-c , as outlined 
abm·e. will remain subsla ntially the samc. 

E . FIRE S.IFETY IXSTRUMEXTATIO:-< 
I. Tank instrumentation wiII include sensors for meas

uring temperarure, earth pressure, concrete strain, 
\'enical rod strain, prestress wire stra in and floor-wall 
radial movement. 

2. Fire detection heads will be placed at strategic loca
t ions in the plane area. All fire ind icators will be 
wired to a panel in the control room and a visual and 
audible alarm will indicate the position of a fire. 
Any fire detected by these heads will cause the plam 
to automatically shut c1owll. 

3. Combustible Gas . \Iann System. 
_\ combustible gas (llarm syslem will be installed 
throughout the plant. The system will be pre-!>et be· 
low the lower explosive limit. Escaping gas will cause 
a \'isual sign(ll on the; con trol panel which will incli
cate the exact pos ition of the head reg-is(eri ng the 
combustible gas. Audible alarms will sO llnd inside and 
oUlsicie of the building. At preselH, it is proposed to 
have the gas detector heads installed in the Com-
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Abo ve is a typica l control panel which illustrates the numerous and 
complicdted systems that are installed in the inte rest of fire safety. 

pressor R oom to automatically shlll down the plant 
when they sense a gas leak. 

1. R emote colltrols fo r the fire extinguishing systems are 
located inside the control room of the compressor 
house making it possible to operate an y system from 
this point. 

F. PRESSURE RELlEF DEVICES 
I. The storage tank shall be prO\'ided wilh both pres· 

sure and vacuum \·ellls provided in dual sets with 
each se t sized for total relief. The vacu um vents shall 
be so arranged lhat during inbreath.ing only methane 
or nitrogen shall be <.Idmitted lO the ta nk. . 

2 . .All rel ief devices (o ther than me lank) to d Ischarge 
to a continuously operating Hare Slack wilh nash ar
restor or other !>uitabJe safeguard . 

G_ PTPl~G AND V.\LVES 

All piping and valves sha ll be of suitable construClion for 
temperatures and pressures involved and shall be tested 
hydros tatically to l\\'O times th e operating pressure or 100 
psi . ,dlicbever is greate r. All joints sha ll be welded and 
x.rayed. 

Blockino' valves that <.I re automatically operated <.Iod 
o . d \\-hich can be operated ma llually. if necessary. arc reqUIre 

to he installed at: 

I. The natural gas feed line to the liquef<.lction pl(lllt. 
2. The natura! gas feed line lO the derime heater 

(moist ure removal equipmelll)_ 
~. The liquefied natural gas fill line from cold box to 

ta nk (at cold box). 
4. The liq uefied natural gas fill line to tank (at tank). 
5. Th e liquefied natural g("ls withdra\\'al lines to pumps 

from tank (at pumps and at tank) . 
6. The liquefied natural gas feed line lO vaporizer from 

lank (at vaporizer) . 
i. The natural .~'b ,'apor boil off line from tank (at 

tank) . 
8. Outlet val\'e from vaporil'er to disl r ihu tion line. 
9. Discharge side of refrigerant compressor. 

The inclusion of these valves ,,'ill provide a means 
for the reduction of the source of fuel for fire in tJ1e 
event of leaks and will prO\'idc a more meaningful 
opponu ni ty to pre-fire plan or pOlemiClI leaks in thc 
system. 

Becduse of the complicated and extensive nature of this 
article, it wi ll be cdrried in two issues. The second part wi ll 
appear in the next issue of W.N.Y.F. 




