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N O T I C E  

All questions or other communicat ions relating to this document should be sent only to NFPA headquarters,  
addressed to the attention of the Committee responsible for the document.  

For information on the procedures for requesting Technical Committees to issue Formal Interpretations, 
proposing Tentative interim Amendments,  proposing amendments for Committee consideration, and appeals on 
matters relating to the content of the document,  write to the Secretary, Standards Council ,  National Fire Protection 
Association, I Batterymarch Park, P.O. Box 9101, Quincy,  MA 02269-9101.  

A statement, written or oral, that is not processed in accordance with Section 16 of  the Regulations Governing 
Committee Projects shall not be considered the official position of NFPA or any of its Committees and shall not 
be considered to be, nor be relied upon as, a Formal Interpretation. 

Users of  this document  should consult applicable federal, state and local laws and regulations. NFPA does 
not, by the publication of  this document,  intend to urge action that is not in compliance with applicable laws, and 
this document may not be construed as doing so. 

Policy Adopted by NFPA Board of Directors on December 3, 1982 

The Board of Directors reaffirms that the National Fire Protection Association recognizes that the toxicity of 
the products of combustion is an important factor in the loss of  life from fire. NFPA has dealt with that subject in 
its technical committee documents for many years. 

There is a concern that the growing use of  synthetic materials may produce more or additional toxic products 
of combustion in a fire environment.  The Board has, therefore, asked all NFPA technical committees to review the 
documents for which they are responsible to be sure that the documents respond to this current concern. To assist 
the committees in meeting this request, the Board has appointed an advisory committee to provide specific guid- 
ance to the technical committees on questions relating to assessing the hazards of  the products of combustion.  

Licensing Provision--This document  is copyrighted by the National Fire Protection Associat ion (NFPA). 

1. Adoption by Reference Public authorities and others are urged to reference this document  in laws, 
ordinances, regulations, administrative orders, or similar instruments. Any deletions, additions, and changes  
desired by the adopting authority must be noted separately. Those using this method are requested to notify the 
NFPA (Attention: Secretary, Standards Council) in writing of  such use. The term "adopt ion by reference" means 
the citing of  title and publishing information only. 

2. Adop t ion  by  T r a n s c r i p t i o n - - A .  Public authorities with lawmaking or rule-making powers only upon 
written notice to the NFPA (Attention: Secretary, Standards Council),  will be granted a royalty-free license to 
print and republish this document  in whole or in part, with changes  and additions, if any, noted separately, in laws, 
ordinances, regulations, administrative orders, or similar instruments having the force of  law, provided that: (1) 
due notice of NFPA ' s  copyr ight  is contained in each law and in each copy thereof; and (2) that such printing and 
republication is limited to numbers sufficient to satisfy the jur isdic t ion 's  lawmaking or rule-making process. B. 
Once this NFPA Code or Standard has been adopted into law, all printings of this document  by public authorities 
with lawmaking or rule-making powers  or any other persons desiring to reproduce this document  or its contents 
as adopted by the jurisdict ion in whole or in part, in any form, upon written request to NFPA (Attention: Secretary, 
Standards Council),  will be granted a nonexclusive license to print, republish, and vend this document  in whole 
or in part, with chtinges and additions, if any, noted separately, provided that due notice of NFPA ' s  copyr ight  is 
contained in each copy. Such license shall be granted only upon agreement  to pay NFPA a royalty.  This royal ty  
is required to provide funds for the research and development necessary to continue the work of NFPA and its vol- 
unteers in continually updating and revising NFPA standards. Under certain circumstances,  public authorities with 
lawmaking or rule-making powers  may apply for and may receive a special royal ty  where the public interest will 
be served thereby. 

3. Scope of License G r a n t - - T h e  terms and conditions set forth above do not extend to the index to this 
document.  

(For further  explanation,  see the Policy Concerning the Adoption,  Printing, and Publication of NFPA 
Documents,  which is available upon request from the NFPA.) 

Statement on NFPA Procedures 

This material has been developed under  the published procedures of  the National Fire Protection 
Association, which are designed to assure the appointment  of technically competent  Committees having balanced 
representation. While these procedures assure the highest  degred of care, neither the National Fire Protection 
Association, its members,  nor those participating in its activities accept any liability resulting f rom compliance or 
noncompliance with the provisions given herein, for any restrictions imposed on materials or processes,  or for the 
completeness of the text. 

NFPA has no power  or authority to police or enforce compliance with the contents of this document,  and 
any certification of products stating compliance with requirements of  this document  is made at the peril of  the 
certifier. 
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This edition of N FPA 59, Sta~Mard Jbr the Storage a~ld Hamlli~g of Liquefied Pet~:oleum 
Ga.~e.~ at Utililv (;as P/anl.~, was prepared by the Technical Committee on LP-Gases at Util- 
ity Gas Plants and acted on bv the National Fire Protection Association, Inc., at its Fall 
Meeting held November 14-16, 1994, in Toronto, Ontario, Canada. It was issued by the 
Standards Council on January 13, 1995, with an eftective date of February 7, 1995, and 
supersedes all previous editions. 

The 1995 edition of this document has been approved bv the American National 
Standards Institute. 

Changes other than editorial are indicated by a vertical rule in the margin ofthe pages 
on which they appear. These lines are included as an aid to the user in identitying 
changes fiom the previous edition. 

Origin and Development of NFPA 59 

The Slandard on Liqm.i/ied Pelroleum Gra~es (NFPA 58) was used as a general guide until 
tills standard was adopted in 1949. Subsequent editions were adopted in 1954, 1956, 
1958, 1962, 1963, 1968, 1974, 1976, 1979. 1984, 1989, and 1992.. 

1"o thcilitate the preparation of this standard, the cooperation of the American (;as 
Association was secured. This resulted in the formation of a special commiuee under  the 
sponsorship of the American Gas Association, made up of utility engineers, specialists in 
gas plant construction, and engineers of the liquefied petroleum gas industry. The stan- 
dard was initially the result of the AGA Committee acting in an advisory capacity to the 
Sectional Committee on Utility Gas of ttle NFPA Committee on Gases. 

With the formation of the Committee on Fuel Gases in 1966, this standard was 
assigned to that Committee. The Committee established a Subcommittee on Utility Gas 
Plants to have a working responsibility tot NFPA 59. In 1972, responsibility for NFPA 59 
was assigned to the Committee on Liquefied Petroleum Gases with the Subcommittee on 
Utility Gas Plants retained. 
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NOTICE: An asterisk (*) Iollowing the aural)el or  lettm" 
designating a paragraph indicatcs explanatory material on 
that paragraph in Appendix A. 

latin'realism on lolL'rented publications can be tbund in 
Chapter 11 and Appendix F. 

NOTE: All pressuvcs used in this standard are gaugc prcs- 
sure unless otherwise indicated. 

Foreword 

Under moderate pressure, butane and propane liquefy, 
but, upon relief of the pressure, are readily converted into 
the gaseous phase. Under  moderately low temperature the 
gases liquefy,. Generally the gases are shipped and stored 
under  pressure as liquids. The escape of liquid into the 
atmosl~here normally results in instantaneousvaporization, 
with the volume of gases being between 200 and 300 times 
tile volume of escaping liquid. When in tile gaseous state, 
these gases are heavier than air and have a narrower range 
of flannnability than natural or manulactured gas. 

I n the case of pure product at atmospheric pressure and 
below 3 I°F (-0.6°C), normal butane is a liquid. Propane is 
a liquid at atmospheric pressure at temperatures below 
-44°F (-42°C) and normally does not present a flamm,tl)le 
liquid hazard, except when stored at or below its boiling 
point. 

Commercially available hutane and propane can have 
dilI~erent liquefying points fiom those above because the)' 
normally contain various percentages of other hydrocar- 
hon products. 

Rapid vaporization takes place at temperatures above 
the boiling points [normal t)utane ahout 31°F (-0.6°C); 
propane about -44°F (-42°C)]. Nnrmallv these gases are 
stored as a liquid under  pressure: however, in refrigerated 
storage these gases are frequently stored at or below the 
boiling point at practically atmospheric pressure. 

Chapter 1 General Provisions 

1-1 General. 

1-1.1 This standard outlines methods for the protection 
of persons and pl~operty by providing a standard of refer- 
ence to serve as d guide to all persons concerned with the 
construction and opeiat ion of liquefied petroleum gas 
equipment at utility gas plants (see dr!finition). 

1-1.2 The term "liquefied petroleum gases" its used in 
this standard shall mean and include any material having a 
vapor pressure not exceeding that allowed fi)r commercial 

propane, which is composed predominantly of any of tile 
[bllowing hydrocarbons, or mixtures of them: t)ropane, 
propylene, butanes (normal butane or isobutane), and 
butylenes. 

1-1.3 Persons engaged in operating and emergency fno- 
cedures and tile handling of liquefied petroleum gases 
shall be trained in the properties and safe handling of 
these gases and in emergency prucedures. This training 
shall be repeated at least annually. 

1-1.4 Metric units in this standard are provided tor the 
convenience of the user. Alternate usage of English and 
metric units shall nnt be used to lessen the requirements of 
the standard. 

1-2 Scope. 

1-2.1" This standard applies to utility gas plants lot the 
design, construction, location, installation, operation, and 
maintenance of refrigerated and nonrefrigerated liquefied 
petroleum gas systems to the point where LP-Gas or a mix- 
ture of LP-Gas arid air is introduced into the utility distri- 
bution system. 

NOTF,: Those porlions of Ll'-('.as svslelns downstream 
of the point where l,P-Gas or a mixture of Ll'-Gas and 
air is illlrodtlccd into the utility distribution system arc cov- 
ered in the U.S. by Department of"l'ransportation, CFP, 49, 
Part 192. 

1-2.2 The provisions of this standard are not intended to 
prevent the use of any material, method of construction, or 
installation procedure not specifically prescribed by this 
standard, provided any such alternative is acceptable to the 
authority having jurisdiction (see dgfi~6tion). The authority 
having jurisdiction shall require that sufficient evidence be 
suhmitted to substantiate any claim made regarding the 
satiety of such alternatives. 

1-2.3 When operations invoMng the liquid transfier of 
LP-Gas from tile utility gas plant storage into cylinders or 
portable tanks (as defined by NFPA 58, Standard for the 
Storage a,d Ha,dlh~.tf of Liquefied Petroleum Gases) are carried 
out in the utility gas plant, these operations shall conform 
to NFPA 58. 

1-2.4 Installations having an aggregate water capacity of 
4,000 gal (15.14 he) or less shall conform to NFPA 58, 
Sta1~dard .fi~r the Storage a~d Ha*ulli~zg q/ kiqm!fled l'elroleum 
Ga,ses. 

1-3 Retroactivity. 

1-3.1 The provisions of this docmnent  are considered 
necessary to provide a reasonable level of protection from 
loss o f  life and property t]om.fire and explosion. Tile), 
reflect situations and the state of tile art at the time the 
standard was issued. 

1-3.2 Unless otherwise noted, it is not intended that the 
provisions of this document be applied to t.~cilities, equip- 
meat, structures, or installations that were existing or 
approved for construction or installation prior to tile effec- 
tive date of the docunlent, except in those cases where it is 
determined by, the authority having ,jurisdiction that the 
existing situation involves a distinct hazard to life or adja- 
cent property. 
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1-4 Definitions. 

Approved. Acceptable to the authority having jurisdiction. 

Nt)TE: Thc National Fire Protection Association does not 
approve, respect, or ccrlil~ ;my installations, procedures, 
C({t l ip l l lCl l l ,  OF lll~.ltCl'l~.llS; 1101" d o e s  ii approve or cvalu:.tte 
testing hal)oratories. In determining the acceptability ,)t" 
installations, pr~)ccdurcs, cquipnmnt, or materials, the 
aulhoritv having,jm-isdiction may base acceptance on com- 
pliance wKh NFPA o r  other approprmtc standm-ds. In the 
absence ot such st,mdm-ds, said authority may require evi- 
dence of proper  institllation, procedure,  m" use. The 
imthoritv having jurisdiction mav also reR:r to the listings or 
labeling practices o f  an ot'g;miziltion concerned with prod- 
uct evaluations that is in a position to determine compliance 
with al)propriatc slmldm'ds |or tim current production of 
hstcd items. 

Barrel. A unit o f v o h m m .  One  barrel  eqttals 42 U.S. gal 
(0.139 kL) or  5.615 it'-' (0.159 m:~). 

Buried. Installations in which the top of  the conta iner  
(excluding the tnanway) is below the s u r r o u n d i n g  grade.  

Buried, Partially (or Mounded). Installations in which 
the top of  the con ta iner  is above the s u r r o u n d i n g  grade  
itnd is covered  with earth.  

Containers. Vessels, such as tanks, cylinders,  or  drums,  
used fbr s toring l iquelied pe t ro l eum gases. 

Containers, Field Erected. Conta ine r s  Ltbricated in 
whole or  in part  at o1 lleaF their  final location. 

Containers, Shop Fabricated. Conta iners  complete ly  
t,tbricated within a plant u n d e r  shop-cont ro l led  conditions.  

Gas. Liquefied pe t ro l eum gases in e i ther  the liquid or  
gaseous state. 

Gas-Air Mixer .  A device or  system of p ip ing and con- 
trois that mixes lJ~-Gas vapor  with air to p roduce  a mixed  
gas of  certain heat iug value but that is not  within the tlam- 
lnable range.  Any gas-air mixcr  that is des igned to p roduce  
a mix ture  c(mtaining more  than 85 percent  ;tit hv vo lumc 
shall be cons idered  a combust ion  device not subject to the 
provisions of  this s tandard.  

Labeled.  E q u i p m e n t  or  materials  to which has been 
at tached a label, symbol, or  o ther  idcnt i l}ing mark  of  an 
o rgan iza t ion  that  is acceptable  to the au thor i ty  having  
,jurisdictiotl and conce rned  with p roduc t  evaluat iou that 
main ta ins  pe r iod ic  inspec t ion  of  p roduc t i on  ot labeled 
e q u i p m e n t  ,)r materials and by whose labeling the manu-  
[[tcturcr indicates colnpl iancc with appropr i a t e  s tandards 
o r  p e r l o r m a n c c  in a specilied lUiUll/el. 

Listed. Equ ipmen t  or  materials inc luded in a list pub- 
lished b y  an organiza t ion  acceptable to the authori ty  hav- 
ing jur i sd ic t ion  and c o n c e r n e d  with p roduc t  evaluat ion 
that maintains periddic  inspect ion of  p roduc t ion  of  listed 
e q u i p m e n t  or  materials  and whose listing states e i ther  th,tt 
the equ ipmelK or lnaterial meets  appropr i a t e  s tandards or  
has been tested and ibund suitable t in use in a specified 
l l l a l l  l l e l .  

NOTE: The means lot idcmit\ing listed equipment may 
varx thr each organizmion concerned with product c~alua- 
lion, some ol which do not recognize cqtfipmcnl as listed 
tmless It is also lal3clcd. The authority having jurisdiction 

should utilize tile syaenl employed by the listing organiza- 
tion to idcntit\, a listed product. 

Psig and Psia. Pounds  per  square  inch gauge  and 
pounds  per  square inch absolute, respectively. 

Sources of Ignition. Devices or e q u i p m e n t  that ,  
because of  their  modes  of  use or  operat ion,  are  capahle of  
p rov id ing  sufficient thermal  energy  to ignite f lammable  
LP-Oas vapor-air  mixtures  when in t roduced  into such a 
mix ture  or  when such a mix ture  comes into COlltac[ with 
them, and that pe rmi t  p ropaga t ion  of  flame away f iom 
them. 

Special Protection. /st means  of  l imit ing the t empera -  
ture of  an LP-Gas conta iner  tot  purposes  o[  minimiz ing  the 
possibility of  failure of  the conta iner  as the result  of  fire 
exposu re. 

Where  requ i red  in this s tandard,  special protect ion con- 
sists of  any of  the following: appl ied insulat ing coatings, 
m o u n d i n g ,  burial ,  wa te r - spray  fixed systems, or  fixed 
inoni tor  nozzles mee t ing  the criteria specified in this stan- 
darcl (~ee 10-5.4) or by any means  listed O,;e rl(fi',itim~ of 
Listed) fi~r this purpose .  

Systems. An assembly of  e q u i p m e n t  consist ing essen- 
tially of  l iquefied p e t r o i e u m  gas un load ing  equ ip lnen t ;  
con ta iner  or  containers;  major  devices such as wtporizers,  
rel ief  wtlves, excess-flow vah, es, regulators ,  and intercon-  
nect ing piping. In the case of  ref r igera ted  storage, it also 
inc ludes  c o m p r e s s o r s ,  c o n d e n s e r s ,  and  o t h e r  r e l a t ed  
e q u i p m e n t  and controls.  Such svstems shall include any 
unh)ading equ ipment ,  s torage equ ipmen t ,  or  in terconnect-  
ing p ip ing up to the out let  of  the first stage regulator ,  
vapor izer ,  o r  mixing  device,  whichever  is the last uni t  
be lb re  the ti(tuefied p e t r o l e u m  gas en te rs  o t h e r  plant  
e q u i p m e n t  or  distr ibution lines. 

Ut i l i ty  Gas Plant. A fuel gas dis t r ibut ion tacility owned 
or  ope ra ted  by, a utility, as des ignated bv the appropr i a t e  
gove rn ing  jur isdict ion.  ' 

Vaporizer. A d e v i c e  o t h e r  t h a n  a c o n t a i n e r  that  
receives LP-Gas in liquid ti)lnl alld adds sufticient heat  to 
conver t  the liquid to a gaseous state. 

Vaporizer, Direct-Fired. A vapor izer  in which heat  t iu-  
nished by a flame is directly appl ied to solne form of  heat  
exchange  surface in contact  with the liquid LP-Gas to be 
v a p o r i z e d .  T h i s  ch t s s i f i ca t ion  i n c l u d e s  s u b m e r g e d -  
comhtlstioll  vaporizers.  

Vaporizer, Electric. A unit using electr ici ty as a source 
of  heat. 

Direct lmme~:~w~ Electr,c l:aporizer. A vapor izer  where in  an 
electric e l emen t  is i lnmersed  directly in the LP-Gas liquid 
and vapor.  

h,lirect E/celt," Vaporizer. An immers ion- type  wherein the 
electric e lement  heats an intertace solution in which the 
LP-Gas heat  exchange r  is imlnersed  or  heats an intermedi-  
ate heat sink. 

Vaporizer, Indirect (also called Indirect-Fired). A 
vapor izer  in which heat  f lun ished  bv steam, hot watcr, the 
g r o u n d ,  s u r r o u n d i n g  air, or  o the r  hea t ing  m e d i u m  is 
appl ied to a vapor iz ing chamber  or  to tubing, pipe coils, or  
o ther  heat exchange  surt~tce conta ining the liquid LP-Gas 
to he  vaporized:  the heat ing  o f t h e  med ium used being at 
a point  r emote  front the vaporizer.  
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Vaporizer, Waterbath (also called Immersion-Type). 
A vaporizer in which a vaporizing chambcr, tubing, pipe 
coil>, or other heat exchange surtacc containing liquid 
Ll'-(;as to be vaporized is immersed in a temperature- 
controlled bath of water, water-glycol combination,  or 
other noncombustible heat transfer inedium that is heated 
bv all innners ion heater  not in coutact with the LP-Gas 
}le;,tt e x c h a i l g e  S t l l [ a c e .  

1-5" Odorizing Gases. All LP-Gases shall be odorized by 
tim addition o f a  warn ing  agent of such character that they 
are detectable, by a distinct odor, down to a concentration 
in air of not over one-lifth the lower limit of flammability. 

Exc@ti(m." Odoriz,,Em~ .sDall ,ol De req,ired (/' karmJ,.l m the 
u,w: or,lhrlker processing o / lkr  liqm:/ied petroleum g'as or t f  odor- 
izati(m will serve ,o  ,.w!/)d pmT)o,~e a.~ a a,anmlg age~tl in stud 
,se or/)nlher pmce~.~ing. 

N()TE: The h)wcr limits of fl:.unnlabihtv of tim more con> 
monlv used l iquefied petroleum gases ave: propane, 
approximaicly 2 ])clCelil: I)UtallC, approximately l lie per- 
Celll. These figtli'es I'Cpl'CSOIII vohunetric percentages of gas 
ill :l g a b - a l l  llliXltll 'e IH c{/ch c{ise. 

1-6 Acceptance of Equipment. In systems containers of 
over 2,000-gal (7.6-in') water capacity, each container 
valve, excess-llow valve, gauging device, relief device 
directly connected on the liquefied petroleum gas con- 
tainer, and direct-fired vaporizer shall be approved. (See 
dq/iHilio~ ,¢ Ap/)ri)ved.) 
1-7 Damage from Vehicles. \Vheve damage to liquefied 
petroleum o''<ms svstelns, ti'oin vehicular traffic is a possibility, 
precautions against such damage (such as warning signs or 
devices, ov barricades) shall be taken (see 2-9.2). 

1-8 Electrical Equipment and Lighting. 

1-8.1 Electrical equipment and wiring shall be of the 
type specified by and shall be installed in accordance with 
N I:PA 70, Natw,a l  Ehech'icrd Code '~', for ordinary locations. 

Excel:/iota t;~xed electri(.al eqm/)me~d m class!fled areas shall 
com/)ly with Srch(m 1-9 of tki~ st(mdanl. 

1-8.2 Adequate lighting shall be provided to illuminate 
operat ing facilities such as walkways, essential control 
valves, and loading and unloading tacilitics in particular. 

1-9 Fixed Electrical Equipment in Classified Areas. 

1-9.1 Fixed electrical equipnmnt  and wiring installed 
within classilied al'eas specified in "Fal)le t-8 shall comply 
wiLh Table 1-8 and shall be installed in accordance with 
NFPA 70, Nahmml Ek'c.hJcal Code, fin hazardous locations. 

1-9.2 Fixed electrical equipment on Ll'-Gas cargo 
vehicles shall comply with the provisions of Chapter 6 of 
NFPA 58, .%'lamlard for Ilia Storage and Handling o/ L:que/ied 
l~eholeum (;a,~e,~. 

1-10 Source of Ignition. 

1-10.1 Smoking and nonprocess ignition sources within 
tlae protective enclosure (see 10-9.2) shall be prohibited, 
except in accordance with 1-10.1.1 through 1-10.1.3. 

1-10.1.1 Smoking shall be permitted only in designaled 
and properly signposted arcsis. 

9 
1-10.1.2 Welding, cutting, hot work, use ofportablc elec- 
tric tools and extension lights, and similar operations shall 
be conducted only at times and places specifically, autlm- 
rized. Welding and cutting shall be conducted in accor- 
dance with tim provisions of NFI'A 51B, .Sta~Mard./br Fire 
lbeve,l iml m Use of Cuth ,g  a ,d  l+?Iding Processes. Portable 
electric tools and extension lights capablc of ignit ing 
LP-Gas shall not be permittcd within classified areas speci- 
fied in Table 1-8 unless dm LP-Gas tacilifies have been 
freed of all liquid and vapor or special precautions are 
observed under  carethlly controlled conditions. 

1-10.1.3 Vchicles and olher mobile equipmenl that con- 
stimte potential ignition sources shall be prohibited within 
diked areas ov within 50 fl (15 m) of containers containing 
LP-Gas, flammable liquids, or flammable refligerants. 

Ex(ep/iom 1."('l~ic:le.s (rod other mobile equipmenl tkal (onslilute 
pote~mal ~g#tihon sources shall ,ol be prohibited where specifically 
auttwrizrd a~M ,ruler cotlsl(lll[ st@e?~:l.sio#l or where loadi~g or 
, , loading at ,fin ililm~ sprci/icall 3" de sg~wd f t ,  tDe propose. 

1-10.2 Electrical grounding and bonding shall be pro- 
vided as required by NFPA 70, Natimml Elechical Code. 

NOTE 1: Static groulMing or bonding pvoleclion is not 
required whcn tank cars, rank vehicles, ov marine equip- 
l l lelll  tll'C loaded o r  ull loa(h. ' ([  })y t . i l l ld t lc t ivc  o1" nol]COlldllC- 
dye hose, flexible metallic ud)ing, o1" pipe connections 
throug}~ or h'om tight (top or bottom) outlct~ where both 
halves of metallic couplings arc in contact. 

N O I E  9: For additional intorlnation on grounding and 
boil(ling to reduce the h;t/m-ds (hie Io static clcclricily, see 
NFPA 77, Hecommmlded Prar.hre (m ,~l(,'llc Elech~ctl¥. 

1-10.3 If stray currents are present or if impressed cur- 
relllS arc used on loading and unloading systems (such as 
for cathodic protection), protective measures lo prevent 
ignition shall be taken. 

NOTE: For addilional lntbrnaation, see API RP 2003, 
Pl,/echml ,.tgamst 18m/io,~ .qn,si~t,q" Out of S/aDd, Lick/hi,g" mid 
Stmv Cttrrmd~. 

1-10.4 Metallic storage containers tbr LP-Gas generally 
do not require lightning protection. (.;rounding systems 
shall bc provided tbr LP-Gas storage containers in accof  
dance wkh Chapter 3, SecNon 4-4, and 6-3.2 of NFPA 780, 
kg'Imfi~g lbotectio, Code. 
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Table  1-8 Electr ica l  Area  Class i f icat ion 

E q u i p m e n t  Shal l  Be 
Suitable  for NEC, 

Part  Locat ion  Extent  o f  Class i f ied Area  1 Class  1, G r o u p  D 4 

A Nonrct i ' igeratcd Within 15 fi (4.6 m) in all l)ivision 2 
COlltainel- direct ions fl'Olll conllections,  

except for connect ions  other-  
wise covered ill this table 

B Reli ' igerated Within 15 ft (4.(5 m) in all Division 2 
ton i , t inc t  directions fi-om connect ions ,  

except  fill- c()nnections otllcl'- 
wise covered in this t,tblc 

Area inside dike to a level of" 
the top of  the dike 

Division 2 

C T a n k  vehicle ,rod tank Within 5 ft (1.5 m) in :dl Division 1 
car un load ing  ~ directions li 'om connect ions  

regular ly  made  or discon- 
nected tot p roduc t  t ransfer  

Beyond 5 it (1.5 m) but  
within 15 fi (4.6 m) in all 
directions li'om a point where  
connect ions  are regul,u'ly 
made  COl" d isconnected  ,rod 
with the c)'lindrical volume 
between the horizontal  equa- 
tor of  the sphere  and  grade  
(Sec f)gure 1-8.) 

Division 2 

1) Gauge  vent  
open ings  

Within 5 ti (1.5 m) in all 
directions ti 'om point  of  
d ischarge 

Division 1 

Beyond 5 fi (1.5 m) but 
within 15 fi (4.6 m) in all 
directions fl'om point  of  
d ischarge 

Division 2 

Relief valve 
disch:u'ge 

Within direct path of Division 1 
discharge Note: Fixed electrical 

equ ipnmnt  prctcrably 
should  not be 
installed. 

Within 5 fl (1.5 m) in all Division 1 
directions fl-om point  of  
d ischarge 

Bcwmd 5 ft (1.5 m) but l)ivisiorJ 2 
within 15 t~ (4.6 m) in all 
directions fl'om point of  dis- 
ch,n'ge except within path of  
d ischarge 

[~tlnlps, conlpl-essors,  
gas-air  mixers ,  nlCtCl" 
~1 l'e~ls, CiiIorimetel's 
otllel" thal) opell  
flallle types, and  
vapolizel'5 othel" tlu.ii1 
direct-t ired 

1 Ildool's WIt}lOll[ 
ventilation 

Entire room and all)' ac!jacent 
FOOlll IIO{" separa ted  bv a 
gast ight  " " par t i t ion 

Division 1 

\¥idlin 15 it (4.6 m) o l t h e  
exter ior  side o1" any exter ior  
wall or roof  that is not vapor- 
tight or within 15 fi (4.6 m) 
of  any exter ior  open ing  

Division 2 

(COll[lllUCd on ncxl 1)Hgc) 
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T a b l e  1-8 ( C o n t i n u e d )  

E q u i p m e n t  Shal l  Be  
S u i t a b l e  for  NEC, 

Part  L o c a t i o n  E x t e n t  o f  C l a s s i f i e d  A r e a  ~ C l a s s  1, G r o u p  D 4 

Inch]ors with aclequate l+ntirc room and any a¢!jacent l)ivision 2 
ventilation" room n,,t sop,]rated by a 

gastight " " J I)arl~ltlOI] 

Outdo<n's, at or itlx)vc \Viflfin 15 It (4.6 m) in all I)ivnsion 2 
,graclc dn'cctions h'om cquil3ment 

and within the cylindrical vol- 
UlllC ])ctwecn lhc h.vizontaI 
eqttator of the sphere and 
grade (See Fgur,: 1-8.) 

G Pits o r  [LI'CI]chcs COn- 
talnlll~ ctlulptnt~ut 
SUCh :.iS ptlll/ps, COI//- 
pl'CSSOI'S, oLhcl than 
direct-tired vaporizers, 
,rod similar cquilnncnt 
(al.so pits or trenches 
located beneath classi- 
fied areas) 

Wuhout mccl+anical 
ven t i l a t i on  '+ 

Entire  pit or  t rench  Division 1 

Emirc room anti any acliaccnt 
l'()Olll not separaled I)V 2t 
gastight partition wl'tcrc 
located indoors 

Division 2 

Within 15 It (4.6 m) in all 
ctircctions flom pit .v  trench 
where h)cated (it l tdt)(n's 

Division 2 

Without 
adequate mechanical 
vcnrilati<m '~ 

Entu'c lilt or trench Division 2 

Entire room and any adjacent 
I'(10111 ll()[ s C p a l ' , l t c d  DV a 
gastight partition WhCl'C 
located inch]or~ 

Div is ion  2 

W i t h i n  15 fZ (4.6 m) in all 
d i rec t ions  f rom l i l t  . r  f rench  
where located ()tlt(]];.()l','~ 

Division 2 

H Pipel ines and  commc-  W i t h i n  5 fl (1.5 m) in all D iv is ion  I 
l ions con ta i n i ng  opc r -  d i rec t ions  t]-om po in t  o f  
a t iona l  bleed+,, dr ips ,  d isch,u 'gv 
; cn ls ,  or drains 

Bevoncl  5 It (1.5 m) from 
point o f  dischargc, same as 
Part F of tins table 

1 hc da>,,dicd avca ~.hall not extend I)cvond :11] unpicrcud ~xall. rool, . r  sohd vapovtL~ht i)artt t .m 
\Vhcn determining c'qcnl of  das,,dmd .u ca, om', ldcrathm ~.hall bc gwcn to p<)sM~lc variation', in tim spomn~ (4 rank car+, 
; I I td [ i l nk  \ ch l c [ cs  ~11 lh(? l l l l ]oAd l ] ]~  po i l l t  i l l l ( ]  (he ~.'[l~'(.l lh i [ l  [hL'~¢.' \;IFii l I ]OllS (lJ aC[LI[I] spI)Ht]l~" pOl] l I  ( i l l ]  h,l'~c on  t]lC 
]3ohH (11" co lMlcct i l ) lL  

; Vcl]lll;llioll 1% ('OllNidc]-icd ild(,(]lLil[c %%hci-c p F o v l d c d  in dCCol'ddllt'(' with the pI'O~,ISI¢)IP, ()[ []'ID, %(illldiiFd 
51'c . \ r l l i lc  :300, "H; i / ,udou,,  Loc;tfion~,'" NI,'PA 70 (ANSI), for ch, linitions oICla~,,,cs, (,roups, and Divisions. 

Note: Fired v;ipot i/or,,, Cil l( i r imiqCl",  w l th  open  [[~llllCh, ~llld o lhuF ,llt2,tb w] Ic l  c opc l l  [],llnCb ,11"(" l) l i"~( ' l l l ,  c i l hcv  l l l l~.. ' l i l l i l lCl l t lv 
or con~,taufl}', ',ha]] uot bc com, tclcrcd electrically c],tssflicd arc,p, 
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Sphere having radius 
of 15 ft (4.6 m)--Division 2 

Horizontal 
equator of ~ ~ _ ~ "  _'~'_',~f 
sphere / 

Grade level 

Cylindrical v o l u m e -  . . . .  ~1  

Division 2 (includes 

\ / 

bottom half of 15-ft [4.6-m] 
radius sphere) 

Sphere having 
radius of 5 ft (1.5 m)- -  

/ Division 1 

Point of connection 
or source of 
excessive release 
of liquid or gas 

Figure  1-8 Extent  o f  e l ec tr ica l ly  c lass i f ied area.  (See Table 1-8.) 

C h a p t e r  2 N o n r e f r i g e r a t e d  C o n t a i n e r s  

2-1 Provision for Construction and Original  Test of  Non- 
refrigerated Containers. 

2-1.1 Shop-fabr icated cent; l iners  shall be designed,  con- 
structed,  and tested in accordance  with ASME Boiler and 
lbes.sure l?ssel Code. Section VIII ,  "Rules [i)l" Construct ioi l  
()1" Unt i red  Pressure Vessels," or  in accordance  with the 
rulcs (if tim auth()r i tv u n d e l  which the con ta ine r s  are  
installed, provided such rules substantially conl(;)rin to the 
rules of  the ASME Code  (Section VIII) .  

Exceptm~: UG-125 lhroug'D UG-136 shall nol app@ 

2-1.2 The  provisions ol2-1.1 shall not be construed as pro- 
hibit ing the continued use or reinstallation o[contaii lers con- 
strtlctett and lllaintained in aCCOl'dailce with the ASME Code 
in ell}eel at the t ime offabrication. (See Sechon 1-3.) 

2-2 Design Pressure and Classification of  Nonrefriger- 
ated Containers. 

2-2.1 Shop-fabr icated cont i i iners for nonre t r igera ted 
SlOl'age shall be ill ilCCol'd;.ll/CC with Table  2-2.1. 

2-2.2 l ; ie ld-erectcd non re f r i ge r a t ed  conta iners  shall be 
buih in accordance  with applicable provisions ()t the 1986 
edit ion of  the ASME Boiler and P*,sv~ure l."e.v~el Code, except  
that c imst iuc t ion  using jo in t  etIiciencies in Table  UW 12, 
( ]ohunn C, Divisi(m 1, shall not be permitted. 

Table 2-2.1 Minimum Design Pressure for Shop-Fabricated 
Nonrefrigerated Containers 

For gases with vapor Minimum design pressure in psi 
pressure in psig at 1O0°F ASME Boiler and Pressure Code, 

(37.8°C) not to exceed Section VIII ~ 

80 100" 
I00 125 
125 156 
150 187 
175 219 
215 250 

I ~5cc Appcndi\ D of NFP:\ 58, .h?attd¢~pd/m /De .'~tomgc mid ltamllm:~ o/ 12qt¢,'- 
lwd l'eh,lcum (;a,w,~, h)r ilfllwmation on c,u'licr ,\5ME (>l ,\I'II,\SME codc~. 
'-'Nc*~ cont,ihlcr~ [or 100 p>i design prcs~tne (or cquivalcnl under earlier 
c{)de~) not aulhorlzcd <till.i l)eccn/I)cr 31, 19-t7. 

2-2.3 Field-erected conta iners  fbr nonrefrigerated stor- 
age shall be designed [or a pressure  not  less than 125 per-  
cent  of  the maximuni  vapor  pressure  of  the product  at 
100°F (37.8°C) to be s tored in the containers,  but in no case 
shall the conta iner  be des igned fol  ;.1 pressure  of  '25 psi 
(0.17 m P a ) o r  less. 

2-3 ASME Container Markings. ASME COntainers shall 
be marked  in accordance with tim tollowing: 

(a) T h e  mark ing  specilied shall be on a stainless steel 
metal namepla te  at tached to the conta iner  and located to 
remain  visible after the conta iner  is installed. T h e  name-  
plate shall be at tached so as to minimize  corrosion of  the 
nalnepla te  or  its tastening means and so as not to contrib- 
ute to corrosion of  the container .  

Fxc,:pho,.. 14qmre the container is tinned, mou,ded, insulated, 
or otherwise covered so a,~ to ob.~cure (De ,ameJ)lale, ll~e i~{/orma- 
tio~ contained on tim mmmplale .~hall be duplicah:d aml installed 
on ac!jacent piping or on a slruchcre in a ch'a'rlv viqhle h>calion. 

(b) Name and address  of  conta iner  suppl ier  or  t rade 
n a i l / e  o f  cont~t i l ier .  

(c) Water  capacity of  conta iner  in 113 or  U.S. gal. 

(d) Design pressure  in psi. 

(e) T h e  w()rding '"l 'his con ta ine r  shall not  conta in  a 
product  having a vapor  pressure  in excess of  _ _  psi at 
l()()°F. '" (See 7)dde 2-2. l.) 

(1) T a r e  weight  of  conta iner  fitted for service for con- 
tainers to be lilled by weight. 

(g) Outs ide  surfhce area in sq tL 

(h) Year of m a n u l a c t m e .  

(it Shcll thickness _ _  head thickness . 

(j) O1, _ _  OD _ _  HD . 

(k) Manul ,  i c tmer ' s  serial number .  

(I) ASM E Code  symb()l. 

2-4 Location of  Nonrefrigerated Containers. 

2-4.1 Nonrefrigerated Aboveground Containers. 

2-4.1.1 Conta iners  shall be localed outs ide of  buildings. 

2-4.1.2 Conta iners  shall be located in accordance  with 
Table  2-4.1.2 with respect  to the distance between contain- 
e r s  a n d  t h e  distance be tween conta iners  and the nearest  
impor tan t  bui lding or  g roup  <3t bui ldings not. associated 
with the LP-Gas plant, or  a line of  adjoin ing p roper ty  that 
Call  be buih t l p o i l .  

2-4.1.3 Muhiple abovegroun(I containers (or groups o fcon-  
tainers) installed tor use in a single location shall be limited to 
the number  of  containers in one group,  with each group sep- 
arated f iom the next group in accord,uice with the degree  of  
fire protection provided in Table 2-4.1.3. 

Conta iners  shall be or ien ted  so that their  longi tudinal  
a x e s  d o  n o t  p o i n t  toward o t h e r  c o n t a i n e r s ,  aboveg round  
l iquefied natural gas tanks, and flammable l iquid storage 
tanks on the same or ad jo in ing  proper ty .  

2-4.1.4 All aboveground IA)-Gas containers shall be located 
100 ti (30.5 m) or  more t iom flammable liquids containers. 

2-4.1.5 Nonre f r ige ra ted  liquefied pe t ro leum gas contain- 
ers shall not be located within (likes enclosing t]anunable 
liquid tanks ,rod shall not  be located within (likes on(It)sing 
re l i ige ra ted  l iquelied pe t ro l ( inn  gas tanks. 
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Table 2-4.1.2 Nonrefr igerated Container Instal lat ion 
Min imum Distances  

Minimum Distances 

Water capacity of 
each container 

in gal (m 3) 

2,001 to 30,000 
(7.6 to 114 m :~) 

30,001 to 70,000 
(114 to 265 in "~) 

70,001 to 90,000 
(265 to 341 in :i ) 

90,001 to 120,000 
(341 to 454 m :{) 

120,001 to 200,000 
(454 to 757 m :~) 

200,001 to 1,000,000 
(747 to 3,785 m :~) 

1,000,001 or morc 
(over 3,785 m :It 

B e t w e e n  
c o n t a i n e r s  in ft 

5 

1/4 of sum of diam- 
eters of adjacent 
conlainers 

,t 

n 

n 

n 

n 

From container to 
nearest important 

building or groups of 
buildings not associ- 
ated with the utility 

gas plant., or a line of 
adjoining property 

that can be built 
upon--ft (m) 

50 (15 m) 

75 (23 m) 

100 (30 m) 

125 (38 m) 

200 (61 in) 

300 (91 m) 

400 (122 m) 

NOTE: The siJacing of containers {]-ore buildings associated with uiihly gas 
plants shall be pertained to bc reduced t(, 51) percent ot the distances in 
Table 2-4.1.'2, with a ni in inluln separation <)1'50 fl 15 m), 

Table 2-4.1.3 Fire Protect ion Requtrements  for 
Container Groups  

Maximum No.  of  Min. Separation 
Fire Protect ion Containers  in One  Between  G r o u p s - -  

Provided by Group ft (m) 

Hose Streams Only 6 50 (15 m) 
(See 10-1.l.) 

Fixcd Monitor Noz- 6 25 (7.6 m) 
zles per 10-5-4.5 

Fixed }Viler Spray 9 25 (7.6 m) 
per 10-5.4.4 

Insulation per 9 25 (7.6 m) 
10-5.4.1 

2-4.1.6 Loose or  piled combustible material and weeds and 
long dry grass shall not be permit ted within 25 ft (7.6 m) of  
any' container.  

2 -4 .2  N o n r e f r i g e r a t e d  U n d e r g r o u n d  C o n t a i n e r s .  

2-4.2.1 U n d e r g r o u n d  conta iners  shall include both hur-  
led and partially bur ied  (or m o u n d e d )  containers.  

2-4.2.2 Conta iners  shall be located outs ide of  any build- 
ings. Buildings or  roadways shall not  be consuuc t ed  over  
any u n d e r g r o u n d  containers.  Sides of  adjacent  containers  
shall be separated by not  less than 3 fi (1 m). 

2-4.2.3 Where  containers  are installed parallel  with ends 
in line, an)' n u m b e r  of  conta iners  are pe rmi t t ed  to be in 
one group.  Where  more  than one row is installed, the adja- 
cent  ends of  the tanks in each row shall be separated by not 
less than 10 ft (3.0 m), 

2-4.2.4 Conta iners  shall be located not  less than 50 tt 
(15 m) f iom the nearest  impor tan t  bui ld ing or  g roup  of  
buildings or  line of  adjacent  p rope r ty  that can be buih 
upon.  

2-4.2.5 Conta iners  shall be located not less than 50 ft 
(15.4 m) t rom bui ld ings  associated with the utility gas 
plant. They  shall be located not  less than 50 ft (15.4 m) 
f iom flanunable liquids s torage containers.  

2-4.3 Nonre f i i ge r a t ed  containers  shall not be stacked one  
above the other.  

2-4.4 T h e  g r o u n d  within 25 fi (7.6 m) of  any above- 
g r o u n d  non re f l i ge ra t ed  conta iner  shall be kept  clear tit 
readily ignitible material  such as weeds and long dry grass. 

2-4.5 Conta iners  connected  to a c o m m o n  mani tbld  shall 
be installed so that the i r  m a x i m u l n  l iquid filling levels 
present  substantially the same plane. This  minimizes  the 
possibility of  overfi l l ing lower level tanks. 

2-5  I n s t a l l a t i o n  o f  N o n r e f r i g e r a t e d  S t o r a g e  C o n t a i n e r s .  

2 -5 .1  N o n r e f r i g e r a t e d  A b o v e g r o u n d  C o n t a i n e r s .  

2-5.1.1 Every conta iner  shall be suppor ted  to p reven t  the 
concent ra t ion  of  excessive loads (m the suppor t ing  por t ion  
of  the shell or  heads.  

2-5.1.2 Suppor ts  tbr containers  shall be of  solid masomy,  
concrete ,  or  steel. Structural  metal  suppor ts  shall he per-  
mit ted to be employed  where  they are  pro tec ted  against  
fire in an app roved  manner .  Metal supports  shall be pro-  
tected against t ire with a material  having a fire resistance 
ra t ing of  at least 2 hr. Steel skirts having only one  open ing  
18 in. (462 ram) or  less in d iamete r  shall be pro tec ted  in 
accordance  with the preceding ,  but  t i repronf ing  shall be 
r equ i r ed  to be appl ied only to the outside of  the skirt. 

2-5.1.3 Horizontal  conta iners  shall be m o n n t e d  on sad- 
dles so as to permi t  expans ion  and contract ion,  not  only of  
the container ,  but  also (if the connected  piping, Only two 
saddles shall be used. 

2-5.1.4 Suitable means  to p reven t  corrosion shall be pro-  
vided on that  por t ion  of  the conta iner  in contact  with the 
tbundat ions  or  saddles. 

2-5.1.5 Conta iners  shall be kept  p roper ly  painted or  oth- 
erwise pro tec ted  f iom the elements .  

2-5.1.6 Vertical containers  shall be des igned to be self- 
suppor t ing  without  the use of  guy wires and shall satisfy 
p r o p e r  design criteria,  taking int() account  wind, seismic 
(ear thquake)  tortes,  and hydrostat ic  test loads. 

2-5.1.7 Design pressure  (,~ee Table 2-2.1) shall be inter- 
p re ted  as the p ressure  at the top hea(t with al lowance 
made  for increased pressure  on lower shell sections and 
bot tom head due  to the static pressure  of  the product .  

2-5.1.8 Wind loading on containers of  10,000 gal (37.9 m '~) 
or  larger shall be based on wind pressures on the projected 
area at various height zones ahoveground in accordance with 
ASCE 7, A'limmum DesiKn Loads for Buildi)~gs and OlDer Struc- 
tures. Wind speeds shall be based on a mean occurrence inter- 
val of  100 years. 

2-5.1.9 Seismic loading on conta iners  of  10,000 gal 
(37.9 m :~) or  larger  shall be based ori the Untfinm BuildD~g 
Code (UBC). In those areas identif ied as zones 3 and 4 on 
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the seismic risk map of  the U.S., Figures I. 2, and 3 of  
Chap te r  23 of  the UBC, a seismic analysis of  the p roposed  
installation shall be made  that  meets the approva l  of  the 
author i ty  having jur isdic t ion.  

2-5.1.10" If  insulation is used, it shall be capable of  limit- 
ing tile conta iner  t e inpera tu re  to not  over  800°F (427°C) 
for a n t in imum of  50 rain as de te r ln ined  by test with insu- 
lation appl ied to a steel plate and subjected to a test f lame 
substantially over  the area  of  the test plate. T h e  insulation 
system shall be inherent ly  resistant to wea ther ing  and the 
action of  hose streams. (Sree Appendix D.) 

2-5.2 Nonrefrigerated Underground Containers. 

2-5.2.1 Buried containers shall be placed so that the top of  
tim container  is not  less than 6 in. (154 ram) below tile grade 
of  the s u r r o u n d i n g  area. l 'artially bur ied  (o1" m o u n d e d )  
conta iners  shall have not less ill;ill 12 in. (308 ram) of  
cover, sufficient to p rov ide  surthce dra inage  without  ero- 
sion or  o ther  de ter iora t ion .  

2-5.2.2 T h e  conta iner  manway shall not be covered  with 
the backfill or  m o u n d i n g  material .  U n d e r  condi t ions  where  
tile conta iner  nlanway cover  is below the g r o u n d  level, a 
manway p rov id ing  sufficient access shall be installed. No 
o ther  part  of  the conta iner  shall be exposed.  

2-5.2.3 Conta iners  shall be set upon a f irm tounda t ion  
(firm ear th  shall be pe rmi t t ed  to be used) and s u r r o u n d e d  
with eartlt  or  sand that  is firmly romped in place, gacktill  
shall be f lee  of  rocks or  o ther  abrasive ntaterials. Provision 
shall be made  to take care of  sett l ing and rotation.  

2-5.2.4 Comaine r s  shall be pro tec ted  adequate ly  against  
corrosion.  

NOTE: For inforln,ltion on  cOl'l"OSioll protection, see 
NACE R1'-01-69, Control o/Evlermd (;orrmw~ o/ U~lde~grouml 
or Suhme~i~'ed Mehdhc Piping 5">h,m~. 

2-5.2.5 Bot tom connect ions  to the conta iner  shall be pro-  
hibited. All connect ions  shall be in the conta iner  lnanway 
or  at openings  a long the top length  of  the container .  

Ex(@lio,: l.Vhere la.nhs are mounded a ,d  the bottom of the tank 
is 30 m. (0.76 m) or more above the .~urroundi~tg grade, bottom 
commotions shall be permitted where ac(:e~s to c(mncclio~t~ t.~ pro- 
vided by a ,  opemng or tunnel with a 4fit (1.2-m) mi , im,m diam- 
eter am[ a 3-jr (9.9-m) minimum clear area. 

2-5.2.6 I f  the area above a conta iner  is to be used fin. 
purposes  pe rmi t t ed  by this s tandard,  considera t ion  shall be 
given to dep th  o t c o v e r  and loads that can be imposed.  

2-5.3 Field welding,  where  necessary,, shall be made  only 
on saddle plates or  brackets that were  appl ied by the man-  
n tac turer  of  the container .  

Exce/)lio,. ,4.~ provided &' the code under which /he conlainer 
was .fid,icaled. 

2-5.4 Secure  ancl torage  or  adequa te  pier  he ight  shall be 
p rov ided  to protect  against  con ta iner  flotation wherever  
suIficiently high water  m igh t  occur. 

2-5.5 Where  f lammable  liquid storage tanks are in tbe 
same genera l  area  as l iquefied pet ro leunt  gas containers,  
the f lammable  liquid storage tanks shall be diked,  or  diver- 
sion curbs or  g rad ing  shall be used to p reven t  accidentally 

escaping  f l ammable  l iquids f rom flowing into l iquefied 
pe t ro leum gas conta iner  areas. 

2-6 Reinstallation of  Nonrefrigerated Containers. Con- 
tainers once installed u n d e r g r o u n d  or  aboveg round  I]lat 
have been ottt o t  service t})1" more  thall 1 year  shall not be 
reinstalled aboveground or unde rg round  unless they success- 
fully withstand,  wi thout  dis tor t ion,  hydrosta t ic  p ressure  
retests Fit the pressure specilied lor the original hydroslalic 
test as required by the code under  which they were con- 
s t r u c t e d  a l l d  they show no evidence of  serious corrosion. 
Reinstallation of  containers in all o ther  respects shall be in 
accordance with all the provisions listed in this standard. (See 
Section 2-5. See also Chapter 6 /br reliq/ valve ~wquirem,,~ds.) 

2-7 Gaskets.  Gaskets used to retain LP-Gas in containers 
shall be resistant to the action of  LP-Gas. They shall be of  
metal o1 other  suitable material confined in metal, including 
spiral wound metal gaskets, baying a ntehing point  over  
1,500°F (816°(;) or  shall be protected against fire exposure.  
When a flange is opened,  the gasket shall be replaced. 

2-8 Fil l ing Densities.  

2-8.1 "l"he "filling density" is def ined as the percent  ratio 
o(  the weight  of  the gas in a conta iner  to the weighl of  
water at 60°F (15.6°(:) that the conta iner  will bold. 

Exce/)tio~: Nonrefrigerated conlai~mr~, a,s provided m 2-8.3, 
shall &:filled in accordance wilh Table 2-8. 

2-8.2 T h e  max imuln  liquid vo lume in percen t  of  the total 
conta iner  capacity shall be pe rmi t t ed  to be de t e rmined  fbr 
non re f i i ge r a t ed  l iquefied p e u o l e u m  gases at any liquid 
t e lnpera tu re  by using the fbrmula  sho~Nll in Append ix  B. 

2-8.3 For indMdual  unde rg round  nomeff igera ted  installa- 
tions, the authority having jurisdiction shall be permit ted to 
authorize the use of  increased lilling densities where the max- 
imum ground  tempera tures  do not exceed 60°F (15.6°C). 
These lilling densities shall be based on sound engineer ing 
practices toy tim operat ing conditions involved. 

Table 2-8 Maximum Permitted Filling Density 

Specific Gravity 
at 60°F (15.6°C) 

Aboveground Containers 
0 to 1,200 U.S. Over 1,200 u.s.  
Gal (1,000 Imp. Gal (1,000 Imp. 

gal, 4,550 L) gal, 4,550 L) 
Total Water Total Water 

Capacity Capacity 
% % 

Underground 
Containers 

All Capacities 
% 

0.496-0.503 41 44 45 
0.504-0.510 42 45 46 
0.511-0.519 43 46 47 
0.520-(}.527 44 47 48 
0.528-0.536 45 48 49 
0.537-0.544 46 ,49 50 
0.545-0.552 47 50 51 
0.553-0.560 48 51 52 
0.561-0.568 49 52 53 
0.569-0.576 50 32{ 54 
0.577-0.584 51 54 55 
0.585 0.592 52 55 56 
0.593 0.600 53 56 57 
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2-9 Loading and Unloading Facility Spacing. 

2-9.1 Loading and unloading connections shall be at least 
75 R (23 m) tiom uncontrolled sources of ignition, process 
areas, control buildings, offices, shops, and other occupied 
or important plant structures. This shall not apply to struc- 
tures or equipment  directly associated with the transler 
operation. 

2-9.2 The lilling pipd inlet terminal shall not be located 
inside a building. Such terminals shall be located at least 
25 f l  (7.7 m) ti'om a container, shall be properly supported 
and protected fi-om physical damage by vehicular move- 
ment, and shall be located at least 5 ft (1.5 m) behind any 
barriers provided for such protection. 

Chapter 3 Refrigerated Containers 

3-1 Provisions for Construction, Design, and Original 
Test of Refrigerated Containers. 

3-1.1 Refligerated LP-Gas containers shall be designed 
and constructed in accordance with the applicable provi- 
sions of the following codes as appropriate tbr the design 
loadings, including design pressure and temperature. 

3-1.1.1 For pressures of 15 psi (103 kPa) or more, the 
ASME Boiler aud Pre,~,~ure Vessel Code, Section VIII, shall 
apply, except that construction using joint  efficiencies in 
Table UW 12, Cohmm C, Division 1, shall not be permitted. 
Material shall be selected tiom those recognized by ASME 
that meet the requirements of Appendix R of API {520, Destgu 
and Coustrt¢chou o/ kmge, I,Vehled, Low-Pressun, Slorage 7"aulc~. 

3-1.1.2 For pressures below 15 psi (1/13 kPa), API (520, 
Desgn and Constructwu of Large, 14"elded, Low-Pressure Storage 
7}inks, including Appendix R, shall be used. 

3-1.1.3 Where austenitic steels or nonferrous materials 
are used, API 620, Design and Conslruelion of Large, Welded, 
Lozv-Pressure Slorage Tanks, Appendix Q, shall be used in 
the selection of materials. 

3-1.2 The operator shall specify the maximum allowahle 
working pressure, which includes a suitable margin above the 
operating pressure and the maximum allowable vacuum. 

3-1.2.1 For ASME vessels, the positive margin shall be at 
least 5 percent of the absolute vapor pressure of the LP-Gas 
at the design storage temperature. The margin (both positive 
and vacuuln) for low-pressure API vessels shall include the 
control range of the boil-off handling system, the ellects of 
flash or vapor collapse during filling operations, the flash that 
can result fiom withdrawal pump recirculation, itlld the nor- 
nlal range of barometric pressure changes. 

3-1.2.2 The minimum design temperature for those parts 
of a reliigerated LP-Gas container that are in contact with 
the retiigerated liquid or wtpor shall he the boiling point at 
atnmspheric pressure of the product to be stored. 

3-1.3 The design wind loading on retiigerated LP-Gas 
containers shall be based on the projected area at various 
height zones aboveground in accordance with ASCE 7, 
Mi,fi,m,~ De.ffgu Loads /br t3uihli~g.~ and Other Structures. 
Wind speeds shall be based on a mean occurrence interval 
of 100 years. 

3-1.4 The design seismic loading on reti'igerated LP-Gas 
containers shall be based on torces recommended in the 
ICBO U n!form Buildiug Code (UBC). 111 those areas identi- 
fied as zones 3 and 4 on tim seislnic risk map of tim United 
States, Figures 1, 2, and ',4 of Chapter 23 of the UBC, a seis- 
mic analysis of the proposed installation shall be made that 
meets the approval of the authority having jurisdiction. 

3-1.5 All piping that is part of a refiigerated LP-Gas 
container shall be in accordance with ASblE B31.3, Cke,u- 
cal Plant and Petroleum Refine O, Pipirlg. This container pip- 
ing shall include all piping internal to the container, within 
the insulation spaces, and external piping attached or 
connected to the container up to the first circumt;eren- 
tial external joint  of the piping. Inert  gas purge systems 
wholh' within the insulation spaces shall he exelnpt Dora 
this provision. 

3-1.6 Ret?igerated Ll'-Gas containers shall be installed on 
tbundations designed by an engineer experienced in toun- 
dations and soils and shall be constructed in accordance 
with recognized structural engineering practices. Prior to 
the start of design and construction of the foundation, a 
suhsurtace investigation shall be conducted by a soils engi- 
neer to determine the stratigraphy and physical properties 
of the soils underlying the site. 

NOTE: See ASCE 56, Sub-Sto/ace lnve,~hgahcm /br Design 
aml C0ush ucliou o/Folo~dalio*l /o~ Bmldhlg~, and Appendix C 
of API 620, Dewg, and Conshuctiml o/" Large, H/ehled, Low- 
Pre.v~ure Storage 7',uh~. tiw hu'ther information. 

3-1.6.1 The reti'igevated LP-Gas container foundation 
shall be periodically monitored for settlement during the 
life of the facility. The monitoring shall include construction, 
hydrostatic testing, commissioning, and operation. Any settle- 
ment in excess of that anticipated in the design shall be inves- 
tigated and corrective action taken if appropriate. 

3-1.6.2 The bottom of a retiigerated LP-Gas container, 
either the bottom of an outer tank or the bottom of the 
undertank insulation, shall be above the ground water table 
or otherwise protected liom contact with ground water at all 
times, and the material in contact with the bottom of the con- 
tainer shall be selected to minilnize corrosion. 

3-1.6.3 If the bottom of the reliigerated LP-Gas container 
is in contact with the soil, a heating system shall be pro- 
vided to prevent the 32°F (0°C) isotherm t)om extending 
into the soil. The heating system, shall be designed to per- 
mit both functional and performance monitoring. As a 
minimum, the under tank temperature shall be observed 
and logged on a weekly basis. Where there is a discontinu- 
ity in the foundation, such as bottom piping,, carelul atten- 
tion and separate treatment shall be given to the heating 
system in that zone. Heating systems shall be installed so 
tJmt anv heating elements or temperature sensors used for 
control can be replaced while the tank is in service. Provi- 
sions shall be incorporated to protect against the detrimen- 
tal effects of moisture accumulation in the conduit, which 
could result in galvanic corrosion or other fi~rms of deteri- 
oration within the conduit or heating element. 

3-1.6.4 If the toundation of a refligerated LP-Gas con- 
tainer is installed to provide adequate air circulation in lieu 
of a heating system, the bottom of the container shall be of 
materials that are suitable for the tentperatures to which 
they will be exposed. 
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3-1.7 Refrigerated LP-Gas Container Instruments  and 
Controls. 

3-1.7.1 Each refr igerated l,P-Gas conta iner  shall be 
equipped with at least two independent  liquid level gaug- 
ing devices. These devices shall be replaceable without tak- 
ing the container out of service. 

3-1.7.2 The refrigerated LP-Gas container shall be pro- 
vided with a high liquid level alarm. The alarm shall be set 
so that the operator will have sufficient time to stop the 
flow without exceeding the maximum permissible f l l ing 
height and shall be located so that it is audible to person- 
nel controlling the filling. A high-liquid level flow cutoff 
device shall not be considered as a substitute ti:)r the alarm. 

3-1.7.3 The  ref r igera ted  LP-Gas con ta ine r  shall be 
equipped with a high-liquid level flow cutoff device that 
sltall be independent  fiont all gauges. 

Exeeptiom Refrigerated LP-Cas coJdaMers of 70,000 gal 
(264.98 m ') or less, if atte~Med dtoittg the filli~g o/)emtio~, ,shall 
he permitted to he eqmpped w~th liquid trwocks i~l lieu of lhe high- 
h'qmd level alarm, and mauual,flow eatof/shall he permitted. 

3-1.7.4 Each refrigerated Ll'-Gas container shall b e p r o -  
vided with temperattue-indicating devices to assist in control- 
ling cool-down rates when placing the container in service. 

3-1.8 Inspection of Refrigerated LP-Gas Containers. 

3-1.8.1 During construction and prior to the initial oper- 
ation or commissioning, each refiigerated LP-Gas con- 
tainer shall be inspected or tested in accordance with the 
provisions of this standard and other applicahle referenced 
codes and standards. Such inspections or tests shall be ade- 
quate to ensure compliance with the design, material spec- 
ifications, tabrication methods, and quality required by this 
and the referenced standards. 

3-1.8.2 The inspections or tests required by 3-1.8.1 are 
the responsibility of the operator, who is permitted to del- 
egate any part of those inspections to employees, a third 
party engineering or scientific organization, or a recog- 
nized insurance or inspection company. Each inspector 
shall be qualified in accordance with the code or standard 
that is applicable to the test or inspection being peribrmed. 

3-1,9 Marking on Refrigerated LP-Gas Containers, Each 
refrigerated LP-Gas container shall be identified by the 
attachment of a nameplate on the outer covering in an acces- 
sible and visible place marked as specified in the tbllowing: 

(a) Manufacturer's name and date buih. 

(b) Liquid volume of tire container in gal (U.S. stan- 
dard) or barrels. 

(c) Maximum allowable working pressure in lb per sq in. 

(d) Minimum tem'perature in degrees Fahrenheit  tar 
which the container was designed. 

(e) Maximum allowable water level to which the con- 
tainer can be filled tot test purposes. 

d) Density of the product to be stored in lb per cut t ,  or 
specific gravity, for which the container was designed. 

(g) Maximum level to which the container is permitted 
to be filled with the LP-Gas tor which it was designed. 

3-2 Refrigerated LP-Gas Container Impoundment.  

3-2.1 EaLh refiigerated LP-Gas container shall be located 
within an impoundment  that complies with this section, in 
order to minimize the possibility that the accidental dis- 
charge of liquid LP-Gas from tile container would endan- 
ger adjoining property or lives, process equipment,  or 
str/.lctutes~ OF reach waterways. 

3-2.2 Enclosed drainage channels for LP-Gas shall be 
prohibited. 

Exception. Co utai~ler dow~tcomers used to co,Mutt spdled 
LP-Gas away/)0m critical areas rapidly ,~kall be permitted lo be 
e,closed, provided mz adequate dmim~ge rate is achieved. 

3-2.3 Dikes, impounding walls, and drainage tar refriger- 
ated LP-Gas and flammable refi'igerant containment shall 
have a minimum volumetric holding capacity, including 
any useful holding capacity of the drainage area, and with 
allowance made lor the displacement of snow accumula- 
tion, other containers, or equipment, equal to the total liq- 
uid volume of the largest container served, assuming that 
container is full. 

3-2.4 Dikes, impounding walls, and drainage for refiiger- 
ated LP-Gas and flammable refrigerant containment shall 
be of compacted earth, concrete, metal, or other suitable 
materials. Such structures shall be pernfil.ted to be con- 
structed independent  of the container, monnted integral 
to, or constructed against the container. They, and any 
penetrations thereoE shall be designed to withstand the 
lull hydrostatic head of impounded LP-Gas or flammable 
refiigerant, tire effect of rapid cooling of the temperature 
of the liquid to be confined, any anticipated fire exposure, 
and natural forces such as earthquake, wind, or rain. 

3-2.5 To ensure that any accidentally discharged liquid 
stays within an area enclosed hv a dike or impounding wall 
and yet to provide a reasonably wide margin tbr area confg- 
uration design, the dike or impounding wall height and dis- 
tance shall be determined in accordance with Figure 3-2.5, 

Maximum l i q ~  

t T 
Y Container Y 

Dike or impounding wall 

Notes: 
Dimension "X" must equal or exceed the sum of dimension "Y" plus the 
equivalent head in LP-Gas of the pressure in the vapor space above the 
liquid. 
Exception: When the height of the dike or impounding waft is equal to, or 
greater than, the maximum liquid level, "X" may have any value. 
Dimension "X" is the distance from the inner wall of the container to the 
closest face of the dike or impounding wall. 
Dimension "Y" is the distance from the maximum liquid level in the 
container to the top of the dike or impounding wall. 

Figure 3-2.5 Dike wall heights. 
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3 - 2 . 6  P r o v i s i o n  s h a l l  be  m a d e  to  c l e a r  r a i i l  o r  o t h e r  w a t e r  

[ l 'om t h e  i m p o u n d i n o  a r ea .  A u t ( ) m a t i c a l l y  c o n t r o l l e d  s t u n p  
p u m p s  shal l  be  p e r n i i t t e d  if  e q u i p p e d  wi th  a n  a u t o m a t i c  
c u t o f f  dev ice ,  w h i c h  sha l l  p r e v e n t  t h e i r  o p e r a t i o n  w h e n  
e x p o s e d  to L P - G a s  t e m p e r a t u r e s .  P i p i n g ,  va lves ,  a n d  fit- 
l i ngs  w h o s e  t : a ihue  c o u l d  p e r m i t  l iqu id  to e s c a p e  f l o m  t h e  
i m p o u n d i n g  a r e a  sha l l  be  s u i t a b l e  fin" c o n t i n u o u s  e x p o s u r e  
to IA ' -Gas  t e m p e r a l u r e s ,  i f  g r a v i t y  d r a i n a g e  is e m p l o y e d  
[or  w a t e r  r e m o v a l ,  p r o v i s i o n  sha l l  be  m a d e  to p r e v e n t  t h e  
c s c a p e  o f  l Y - G a s  by  way  o f  t h e  d r a i n a g e  s y s t e m .  

3 -2 .7  I n s u h l t i o n  s y s t e m s  u s e d  [br  i m p o u n d i n g  su r t , t c e s  
sha l l  be ,  in t h e  i n s t a l l e d  c o n d i t i o n ,  n t m c o m b u s t i b l e  a n d  
s u i t a b l e  fi)r t h e  i n t e n d e d  se rv ice ,  c o n s i d e r i n g  t h e  an t ic i -  
p a t e d  t h e r m a l  a n d  m e c h a n i c a l  s t r e s s c s  a n d  l o a d i n g s .  I f  llo- 
t a t i on  is a p r o b l e m ,  m i t i g a t i o n  m e a s u r e s  sha l l  be  p r o v i d e d .  
S u c h  i n s u l a t i o n  s v s l e m s  sha l l  be  i n s p e c t e d  as a p p r o p r i a t e  
to r  t h e i r  i n t e n d e d  se rv ice .  

. 3 - 3  Locating Aboveground Refrigerated LP-Gas Containers.  

3-3 .1  C o n t a i n e r s  sha l l  be  l o c a t e d  o u t s i d e  o f  b u i l d i n g s .  

3-3.2 A l e f l i g e r a t e d L P - C ,  as  c o n t a i n e r  h a v i n g  a c a p a c i t y  
o f  7 0 , 0 0 0  gal  (265 m") o r  less sha l l  be  i n s t a l l e d  in a c c o f  
d a n c e  wi th  T a b l e  3-3 .2 .  R e f i i g e r a t e d  L P - G a s  c o n t a i n e r s  o f  
70 ,001 gal  (265 m '~) o r  m o r e  sha l l  be  l o c a t e d  100 ft (31 m )  
o r  m o r e  []o1// a n y  o c c u p i e d  b u i l d i n g ,  s t o r a g e  c o n t a i n e r s  
fi)r f l a n n n a b l e  o r  c o m b u s t i b l e  l i qu ids ,  a n d  t ] o m  a p r o p e r t y  
l ine  t h a t  c a n  be  bu i l t  u p o n .  

3-3.3  T h e  e d g e  o f a  d ike ,  i m p o u n d m e n t ,  o r  d r a i n a g e  sys-  
te rn  i n t e n d e d  f i n  a r e f i i g e r a t e d  I.+P-Gas c o n t a i n e r  sha l l  be  
100 fl (31 m)  o r  m o r e  f r o m  a p r o p e r t y  l ine  tha i  c a n  be  bu i l t  
u p o n ,  a p u b l i c  way,  o r  a n a v i g a b l e  w a t e r w a y .  

3 -3 .4  R e f l i g e r a t e d  L P - G a s  c o n t a i n e r s  sha l l  n o t  be  l o c a t e d  
w i t h i n  d i k e s  e n c h ) s i n g  f l a m m a b l e  l i qu id  t a n k s  o r  w i t h i n  

Table 3-3.2 Refrigerated Container Installation Minimum Distances 

Minimum Distances 
Mounded or 

Water Capacity Underground Aboveground 
Per Container Containers Containers Between Containers 
Gallons (m s) (Note 4) (Note 6) (Note 5) 

Less t han  125 (0.5) 10 t't (3 m) None None  
(N,)le 1) (Note 2) 
125 t() 250 (0.5 to 1.0) 10 It (3 m) 10 t~ (3 m) None  
25l  to 500 (1 .0+ lo 1.9) l0 tt (3 m) l0 fl (3 m) 3 ti. (1 m) 
501 t(i 2,000 (1.(.)+ to 7.6) 10 ft (3 m) 25 R (7.6 m) 3 ti (l m) 

(Note 3) 
2.001 I(i 30,000 (7 .6+ to 114) 50 fl (15 m) 50 It (15 m) 5 h (I.5 m) 
30,001 to 70,000 (I 14-I- to 26:')) ,50 ft (15 Ill) 75 h (23 Ill) (I/4 ot"MIWI of  diam- 

ciers of  ac!j;.lcent 
c() l ! tn i i lcrs)  

Notes to Table 3-3.2 

No te  I :  A I  <t COllMltl l t : l  %11c, iI the  ;tg~l-eg;l lt; \~,<ilcl c ; ip{ ich\  o [  ;I m u h i -  
( o i t t a i i l t q  ins la l la t i (m ton ip i i~ ,ed  o f  individual con la i l l e rs  ]ia~.ll lg " a wa te r  
capachv  el  less t han  17~-) ga] (1) /-7 i l l ; )  is .B()I t{,i] (1+9 in +) e l  i l / o i c ,  Ihc  mini+ 
I l l t im  di~,tancc sh<lll tempi> wi th  the  aiJ]) lOl) l  iat(' p o r t i o n  ol  thi~ table,  app ly -  
ing  the  ~lggleg{Ite cal)m..h,, Y;/thcl" Ih<lll t he  t .ap, ic i lv pe r  ( o l l t a h l t q .  I f  m o l e  
than  one  ~,uch h i~ la lL i l i ln l  is m, lde,  c<ich in , , t : l l la l lon shal l  I)e separa ted [ ] 'o ln 
; i l l \  o l h c r  ins ta l la t ion  Ir< <1I Icaq 7~-) tt (7.6 ii1). l i e  s l i t  a p p l y  the  M I N I M U M  
I ) I S ' I A N C E S  BI:TWI'II']N C()NTAINt-RS to sm.h in~tallalion.~. 

Note 2: Tl lc  Iollowhig .~h<dl apply to ~ll)l)'~'tl<~l'()tlil(I CinH{ilnClS inslallcd 
<lhmgsidc . f bmMu lgs :  

f i l l  D ( ) T  , , i )e( f l ic , l l ion co l / t 4h ie r  ~,hall Iw  located and  hl ,qal lcxl  so lha t  the  
di.',c]large l io ln the COlllaillel pres,,uic rehul dc~wc i.', at Icasl 3 It (1 in) her 
lzontally away fi'om any tmiMing opcnmg I)elow lhc lev~,l ot sud~ di~ch,u'gc 
aim ~hall not I)c bm~eaih any bui ld iug unlesc this ~pw.'c is ~cl l  ventilated Io 
Ihc outshlc :llld 1~> not enclosed [{n Ill(we than D() per(ent o f  ils pt:i-ii~/cler, 
The' discharge I]mn (ontaincl pre~,stire Ichef ch,\iccs shall bc Iocaled sol 
I t '~ Ih,til -i h (1..') I l l)  I l l  ,i l/V dlrc(AlOi/ aw;iv hem ilitV OXtI'FIOF <4Otll'Ct! o [ i7 in-  
ties, opcnhlgs ilHo dlrect-venl (~(,ah'd (Ol]/I)tlMiOll ~\'%tulll) apt)liances, ()1 
nlc'chalil(;al \el i I l l , i t lon <lh hllakt's, 

(b) A~MI: Loiltalli{;l "~, o[ ]C'S~ than 175 gal (i).F~ m '~) l~cilt}i" c , ipac i ly  d e l l  bc 
lo(ated .u'~d in~lallcd ~o that Ihu chschargc []'onl pr~,~ure rchufdcvicc~ shall 
SOl Ic i  II/lU~ile m (n- bt, nca lh  <m)' bui ld ing al ld  .qlal] be located al 10aM ~ h 
(1.5 m) horizont<dlv awa) h'oli/ ;lit)' building> (,t)('niug Ix:low the level el su(.h 
discharge,, { i i id i lo l  I / ' ~  lhd l i  ~ h (1,5 i i i l  In a l ly  direction aW{iV h o l l i  { l i ly 
e \ l c r i o r  source o [  I~ i l i t i on ,  (li)eml~gS in to  d h e c t - v c n l  (~ealcd t.Oll l l) l i~i i()u 
"~,~ ~;t/'llil c l l ) t lhaut cs, Ill" I/iech,il/IcCl] \ 'cn l i ]at io l~ a i r  iiilakt'~>. 

(~.) "I-he' tillmg CiHIIlCCIiOII Al/d tilL' VCI/[ []'o111 ]iquM lme l  g{ttlgC'4 on  ui th/ ' l -  
I)(Yl ov AbME (ollt,ll l]l,lS tilled <it th(' point el in<,tclllmion ~hall he not be' 

IC~, ', th : l i l  l 0  tl (~{ m)  iii DllV (hl'ucIA(lll {l'~v;ty tl-()ll/ ;lll,V e x t e r i o r  b(/LIl'Ce o t l g n i -  
ties, -pcnnlgs isle clirccl-vcm (scaled col/ll)LlStiiHI system) .q)plianccs, or 
mechauic.a] ventihltum air intakes. 

Note 3' This (h~iancc sh<dl hc reduced to not los,, Ill,m 10 R (?, m) hn- a 
single omia inm-o t  1200 gal (4.5 m ~) waicr rapacity or less provulcd sucil 
('ontall/eY is ill ]cm, l 25 fi (7.6 nil fi 'om any other lA~-Gas t,ontaincr ol more 
d)au 125 ,~al (0.5 Ill ~) water c;Ipacilv. 

NoIc 4: ~ [ l l l i l l l t | l ] l  (hM{IIICL'S [()1" [ l l ldel -~TOul ld c()nl~lll]el-s shall I)e lllCA 
sin cd h'om tile pressure rel ic[ device and fi l l ing m l iquid lmcl gauge veto 
COIIIICCtIIH] d[ t h e  (Oi ' l t l t l] l( ' l ,  cxcc])[  Ihi[[ no  t)ill-[ o1 Hit t l l / d c l ~ l ' l l l l l ] d  COil- 
raiser shall I)c le~ fllan 10 it (3 m) f iom a I)uildilh~ or line of  ,tc[l(nnh]g 
pl'opCl't} Ih,lt Call I)(" I) t l l l t  II1)o11. 

NOIC .'~P: ~Vhe lc  t l l l d c t g l o u l t d  I l l l . lh i (o l l [a i l lc I  i l ]M,l l ]a t ions  a r c  m a d e  o1 
in<hvldual colltaincrs ha~ing a water capacity of 125 gal (0,5 m ~) or more, 
such colllainel~, sh,dl bc in.~l,dlcd so a~ to perlnit access at their ends m side 
Io Ihcflit,ne working with craucs or hoi~t~ 

Note 6: In appb'inglhedtstancc between buildings and ASME(.om,un 
er> el 125 gill (0.5 n/~) el more walcr capacilv, ,I ll]lllil]/tllll el ~)0 pCl 'cenl  el' 
Ihi'~ horizontal dlstancc shall al,~o apply to all portion.<, of Ihc building that 
lnq)cc.t nlorc than 5 Ii t l.5 m) from the buihling wall and fla,a alc higher 
Ih<m li~c rcliel vah'c did, thai'go (,udcK Thi,, hoviz(mt<ll distance shall bc mea- 
~mcd fi()m a poim dcicvmined by pr,!lecting Ilae outside edge of suc h over 
l l,u/ging StltlCItll-e vcllicclllv downw,n'd to grade or othcr lmcl up(m whid i  
thc (oilt,iiilc, l Is in,,tailed Under tit) condition<~ +hall cli<,tciil('cs to tile I)uild 
ing wall bc h'ss ih,m those ~pecihed in "l'al)k, 3-3.2. 

F, Af P[)/IfIII ill l\rf)[l~ O. 2~'(1[ ([/}/)/I( (ID/P ID ¢t~stcdlall.n~ m whu:h the overha,<4'm¢ q~ .c-  
tim' ~s 5 0 / I  (15 m) u~ im.e ahm,e thv lehe[ valve dw.hmge cmllel, 
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dikes or empoundments  enclosing nonrel]igerated pres- 
surized LP-Gas containers. 

3-3.5 Refr igera ted  LP-Gas con ta ine r s  shall not  be 
installed one above the other. 

3-3,6 Tim minimum distance hetween ahoveground refiig- 
erated LP-Gas containers of 70,()01 gal (265 m :~) or larger 
shall be one-half tile diameter of the larger container. 

3-3.7 Tile ground within 25 ft (7.6 m) of any aboveground 
reliigerated I,P-Gas container and all ground within a diked, 
inlpoundment, or drainage area shall be kept clear of readily 
ignitible materials such as weeds and hmg dry grass. 

3-4 Installation of Refrigerated Containers. 

3-4.1 Refi-igerated aboveg round  conta iners  shall be 
installed on the ground or on founclations or supports of 
concrete, masonry piling, or steel. Foundations and sup- 
ports shall he protected to have a fire resistance rating of 
not less than 2 hr. 

3-4.2 For product storage at less than 30°F (-I .I°C),  the 
fi)undation design or the container bottom insulation shall 
be such that damage fiom frost heave will fie prevented. 
Ambient or supplied heat shall he permitted to be utilized. 

3-4.3 Any exposed insulation shall be fire resistant and shall 
resist dislodgement by fire hose streams. Where an outer 
shell is used to retain loose insulation, the shell shall be con- 
structed of steel or concrete. If natural gas is used to purge 
any insulation space, it shall be vented to a ~atb location. 

3-4.4 Abuveground l~P-(_;as containers shall be located 
inside a diked area. 

Exceptiom 14ihe~v s/)illage of hydrocarbo, ca~t be comamed m a 
desio#mled area wilhh~ the plant site by lopograptn,. 

3-4.4.1 The usable volume of the diked area or topo- 
graphical enclosure shall be at least 100 percent of the 
capacity of the largest container enclosed. 

3-4.4.2 More than one container shall be permitted to be 
installed in a single diked area or topographical enclosure, 
provided that: 

(a) The w)hnne of tile enclosure complies with 3-4.4.1. 

(fi) Where an outer shell is used to contain loose insulation: 

1. Containers shall be elevated ahove grade so that 
liquid will not reach the outside container wall in the event 
n f a  liquid spill: or 

2. If liquid can reach the outside container wall, the 
material that can be wetted by spilled liquid shall be suit- 
able fi)r use at 44°F (-42°C). 

(c) Container touudations are constructed of concrete 
that is properly designed tot fire exposure. 

3-4.4.3 Dikes shall be constructed of earth, concrete, solid 
masonry, or other suitable material designed to prevent 
the escape of liquid and to withstaud a full hydraulic head. 
The dikes shall be consnucted to withstand thermal shock. 

3-4.4.4 The walls ot the dikes shall be not less than 5 fi 
(1.5 m) in height. Where topography can provide suitahle 
containment,  dike walls, where required, need only be as 
high as the containment capacity requires. 

3-4.4.5 Provision shall be made to drain rainwater flom 
the diked area, and drains shall be equipped with a posi- 
tive closure that shall he closed except when manually 
opened for draining. The vah'e and other parts of the 
drain system that can be suhject to LP-Gas temperature 
shall be of suitable material to withstand low temperatures. 
Such drains shall not permit drainage of tank contents to 
enter  natural  water courses, public sewers, or public 
drains. Where pumps control drainage fiom the diked 
area, tile), shall be manually controlled and provided with 
an open sight discharge. 

3-4.5 ARm acceptance tests are completed, there shall be 
no field welding oil the LP-Gas containers. 

Exceplio)~: Weldi~g shall be permitted o~ saddle ~)/ales or bra(k- 
els provided,fin the purpose or as olhr,~w~se provided by the code 
u~Mer whicb Ule contai~er was Jahricated. 

3-4.6 Secure anchorage or adequate pier height shall be 
provided to protect against container flotation wherever 
sutticienth, high water nfigfit occur. 

3-4.7 Where flammable liquid storage tanks are in tim 
same general area as liquefied penoleum gas containers, 
the flammable liquid storage tanks shall be diked, or diver- 
sion curbs or grading shall be used to prevent accidentally 
escaping flammable liquids fiom flowing into liquefied 
petroleum gas container areas. 

3-5 Reinstallation of Refrigerated Containers. Once 
installed, containers that have been out of service for more 
than one ,/ear sllall not be put back in service unless they 
successfifliy wilhstand, without distortion, hydrostatic 
pressure retests at tile pressure specified tbr the original 
hydrostatic test as required by the code under  which they 
were constructed and show no evidence of serious corro- 
sion. Reinstallation of containers in all other respects shall 
be in accordance with all the provisions listed in this 
standard. (See Sectio.~ 3-4. See also Chapter 6 for reli<!f valve 
requ~reme~ds.) 

3-6 Gaskets. Gaskets used to retain LP-Gas in containers 
shall be resistant to the action of LP-(,as. They shall be of 
metal or other suitable material confined in metal, inchld- 
lug spiral wound metal gaskets, having a melting point 
over 1,500°F (816°C) or shall be protected against fire 
exposure. \,Vhen a flange is opened, the gasket shall be 
replaced. 

3-7 Filling Densities. The filling limits tor ref i igerated 
storage containers shall be based on sound engineering 
practice for the individual design and operating conditions 
involved. Since negligible expansion of the liquid can take 
place within the possible range of operating pressure and 
temperalure of a ret i igerated container, the maximum liq- 
uid vohnne in percent of the total container capacity is 
g rea te r  fbr a re f r igera ted  c on t a i ne r  than  normal ly  
enlployed for a nonreli igerated container. 

3-8 Loading and Unloading Facility Spacing. 

3-8.1 Loading and unloading connections shall be at least 
75 fi (23.1 m) fiom uncontrolled sources of ignition, pro- 
cess areas, control buildings, offices, shops, and other occu- 
pied or iruportant plant structures. This shall not apply to 
structures or equipment  directh: associated with the trans- 
fer operation. 
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3-8.2 The filling pipe inlet terminal shall not be located 
inside a building or diked area. Such terminals shall be 
located at least 25 ft (7.7 m) fi+otn a container, shall be 
properly supported and protected from physical damage 
by, vehicular movement, and sball be located at least 5 ft 
(1.5 m) behind any barriers provided tor such protection. 

Chapter 4 Piping, Valves, and Equipment 

4-1 General. 
4-1.1 Piping, valves, and equipment  shall be suitable tbr 
their intended use at the temperatures of the application 
and shall be designed for not less than the maximnm pres- 
sure and for the minimum temperature to which they can 
be subjected. 

4-1.1.1 The design and fabrication of piping systems shall 
be in accordance with ASME B31.3, Chemical Plant and Petro- 
leum Refine U Piping, except as modified by the provisions of 
this chapter and any applicable l~:deral pi'peline regulations. 
Special consideration shall be given to the behavior of the 
piping material upon possible fire exposure. 

4-1.1.2 Pressure-containing metal parts of equipment for 
application temperatures o f -20°F  (-29°C) or above shall 
be fabricated of materials suitable for LP-Gas service and 
shall be resistant to the action of LP-Gas under  service con- 
ditions. They shall be of steel, ductile (nodular)  iron 
(ASTM A395, Specification for Perritic Ductile Iron Pressure- 
Retaining Casth~. U for Use at Elevated Temperalttres, or A536, 
Spec!/icatio*zs for Ductile lro~ Castings, Grade 60-40-18 or 
65-45-12), malleable iron (ASTM A47, Standard Specification 

for Ferritic Malleable Iron Cast&g:s), higher strength gray iron 
(ASTM A48, Spec!ficalion f t ,  Gray lrot~ Castings, Class 40By, 
brass, o1 the equiwdent. Cast iron shall not be used tbr strain- 
ers or flow indicators. 

4-1.1.3 Piping that can contain liquid LP-Gas and that 
can be isolated by valving and that requires hydrostatic 
relief valves, as specified under  Section 6-6, shall have as a 
minimum a design pressure of 350 psi (2.4 rePay, or the 
maximtnn discharge pressure of any pump or other source 
feeding that piping system, whichever is greater. Such pip- 
ing shall be sul2jected to a pressure test, in accordance with 
4-1.1.1, of no less than 150 percent of the design pressure. 

4-1.2 Piping connections to the container fnr sizes over 2 in. 
nominal pipe diameter shall be made by welding or with 
welded flanges. 

Exception: I'iping con.neclions /or exces.s:flow valve.~. 

4-1.3 The use of cast-iron valves, pipe, and fttings shall 
be prohibited in piping carrying LP-Gas. This shall not 
prohibit the use o1 container valves or fittings made of mal- 
leable or ductile iron if used within the limitations set forth 
in 323.4.2 of ASME B31.3, Chemical Plant and Petroleum 
R,!fine U Piping. 

4-1.4 Emergency shutoff valves shall be approved and shall 
incorporate all of the tbllowing means of closing (see 4-3.5): 

(a) Antomatic shutotf through thermal (fire) actuation. 
Where fllsible elements are used, they shall have a melting 
point not exceeding 250°F (12 I°C). 

(by Manual shutoff fiom two or more remote locations. 
(c) Manual shutott at the installed location. 

4-1.5 Gaskets used to retain LP-Gas in flanged connec- 
tions in piping shall be resistant to the action of LP-Gas. 
They shall be of metal or other suitable material confined 
in metal having a melting point over 1500°F (816°C) or 
shall be protected against fire exposure. When a flange is 
opened, the gasket shall be replaced. 

4-1.6 All piping, tubing, fittings, and valves shall be leak 
tested alter assembly and proved to be fiee of leaks at not 
less than normal operating pressures. Test shall not be 
made with a flame. 

4-1.7 Provision shall be made for expansion, contraction, 
jarring, vibration, and settling. 

NOTE: It must he recognized that the temperature of liq- 
uid propane will drop to about -40°F (-40°C) when 
released to the atmosphere. 

4-1.8 Piping outside buildings shall be permitted to be bur- 
ied, aboveground, or be buried and aboveground, but shall 
be well-supported and protected against physical damage 
and corrosion. Underground and submerged piping shall be 
protected and maintained to minimize corrosion. 

NOTE: For information on corrosion protection~ see 
NAC E RP-01-69, Co~lh'ol of Exlenml Corrosion of Unde~grou nd 
or Submerged Metallic P@ing 5)),~lems. 

4-1.9 Equipment selection lot application temperatures 
below -20°F (-29°C) shall be based on sound engineering 
practices tbr the individual design and operating condi- 
tions involved. Special consideration shall be given to the 
behavior of material upon possible fire exposure. 

4-2 Container Valves and Accessories. 

4-2.1 All shutoff valves and accessory equipment  (liquid 
or gas) shall be suitable ibr use with liquefied petroleum 
gas and designed for not less than tim maxinmm extreme 
pressure and temperature to which they can be subjected. 
Valves fin" use with nonrefrigerated containers that can he 
subjected to container pressure shall have a rated working 
pressure of at least 250 psi (1.7 repay. Cast-iron valves, pip- 
ing, and fittings shall be prohibited on liquefied petroleum 
gas containers and their connections. This shall not pro- 
hibit the use of container vah, es or fittings made of mallea- 
ble or nodular  iron. 

4-2.2 All connections to containers shall have shutotf 
valves located as close to the container as practical. The 
vah, es shall be readily accessible [}or operation and mainte- 
nance under  normal and emergency conditions, either 
because of location or by' means of permanently installed 
special provisions. Valves installed in an unobstructed loca- 
tion not more than 6 ft (1.85 m) above ground level shall 
be considered accessible. Special provisions include, but 
are not limited to, stairs, ladders, platforms, remote oper- 
ators, or extension handles. 

Exception: Sa/Fty relief conl~ections, liquid level gauging 
device.s, and phtgged openings. 

4-2.3 Excess-flow valves, where required by' tiffs standard, 
shall close automatically at those rated flows of vapor or 
liquid as specified by the manufacturer. The connections 
or line including valves, fittings, etc., downstream of an 
excess-flow valve shall have a greater capacity than the 
rated flow of the excess-flow vah, e. 
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4-2.4 All liquid and vapor connections on containers shall 
be eqnipped with either: 

(a) A back-pressure check valve, or 
(b) An excess-flow valve and an emergency shutoff valve 

as specified in 4-1.4, or 
(c) A quick-act ing in terna l  valve incorpora t ing  the 

means of closing as specified in 4-1.4. 

l£xce/)lio.n: Safe(~ reliqf valves, liquid level gaugi,g device,~, and 
opening~ not larger than No. 54 drill size as covered in 4-2.5 and 
4-4.4. 

4-2.5 Openings  from a container  or through fittings 
attached directly on tim container to which pressure gauge 
connection is made need not be equipped with an excess flow 
valve if such openings are not larger than No. 54 drill size. 

4-2.6 Excess-flow and back-pressure check valves, where 
required by this standard, shall be located inside of the 
container or at a point outside where the line enters the 
container; in the latter case, installation shall be made in 
such a manner  that any undue  stress beyond the excess- 
flow or back-pressure check valve will not cause breakage 
between the container and such valve. 

4-2.7 Excess-flow valves shall be designed with a bypass, 
not to exceed a No. 60 drill size opening, to allow equaliza- 
tiun of pressures. 

4-2.8 All inlet and outlet connections on any container 
shall be labeled or color coded to designate whether they 
are connected to wlpor or liquid space. Labels shall be per- 
mitred to be on valves. 

Exception: S@,t), vah,es, liquid level,gauging devices, and pres- 
sure gauges. 

4-2.9 Each storage container shall be provided with a 
suitable pressure gauge. 

4-3 Filler and Discharge Pipes, Manifolds. 

4-3.1 Piping connections between container and manitold 
sh;dl be designed to provide adequate allowances [br contrac- 
tion, expansion, vibration, and settlement. Compression-type 
couplings shall not be considered suitable [br this purpose. 

4-3.2 Liquid manifold connections shall be located at 
nonadjacent ends of parallel rows of containers. 

4-3.3 The use of nonmetallic hose is prohibited for inter- 
connecting stationary containers. 

4-3.4 In the design of the liquid piping system, shutoffor 
block valves shall be installed to limit the volume of liquid 
that coukt be discharged in tim vicinity of containers or 
important structures in the event of a iiquid line fifilure. 
Automatically or remotely controlled valves, or both, of the 
fail-safe type shall b'e used. The mechanism tbr such valves 
shall be provided with a secondary control equipped with 
a fusible release [not over 250°F (121°C) melting point] 
that will cause the valve to close atm)maticallv in case of 
fire. Such valves also shall be capable of beit{g operated 
manually at the installed location. A remote closing control 
sball be located so as to be accessible dur ing a fire or other 
emergency, On aboveground piping systems, such valves 
shall be arranged to limit the quantity that could be dis- 
charged within 300 ft (91.4 m) o [ a  container, important 

building, or line of adjoining property that can be built 
upon to a maximum ot ~ 500 gal (1.89 m :~) of liquid. 

4-3.5 In addition to the vaMug specified in 4-3.4, suitable 
safieguards shall be provided to prevent the uncontrolled dis- 
charge of LP-Gas in the event of failure in the flexible con- 
netting hose or swivel-type piping, located as close as practi- 
cal to the points where connections are made between the 
flexible and fixed parts of the piping system, as follows: 

4-3.5.1 The connection Ol- connecting piping into which the 
liquid or vapor is being transferred shall be equipped with: 

(a) A backflow check valve, or 
(b) An emergency shutoff valve complying with 4-1.4. 

4-3.5.2 The connect ion,  or connect ing  piping,  from 
which the liquid or vapor is being drawn shall be equipped 
with an emergency slmtotf valve complying with 4-1.4. 

4-3,5.3 Where used in conjunction with hose or swivel- 
type piping, the valve specified in 4-3.4 shall be: 

(a) Supplemented with a thermal sensor mounted along 
the entire length of the hose or swivel piping. This require- 
ment shall be considered to be met by the use of hydrauli- 
cally or t)neumatically operated valves with plastic tubing 
attached along the entire length of the hose o r  swivel pip- 
ing such that the melting of the plastic tubing will cause the 
valve to close, or approved alternate equipment  providing 
equal protection. 

(b) Installed in the plant piping so that any break result- 
ing fioln a pull will occur on the hose or swivel piping side 
of the cotmection. This provision shall apply to backflow 
check valves installed in accordance with 4-3.5.1. 

NOTE: This can be accomplished by use of concrete bulk- 
heads or equivalent anchorage or by the use of a weakness 
m" shcar fittings or other means. 

4-3.6 Where the liquid line manilbld connecting con- 
tainers in a group has a volumetric capacity of more than 

3 - . ' 

100 gal (0.4 m) ,  such container manifolds shall be located 
not less than 100 ft (31 m) from the nearest adjacent prop- 
erty, owned by others, that can be built upon. The mani- 
fold piping terminates at the first line valve, which is used 
to isolate the manifolded containers from any other part of 
the liquid line system. 

4-4 Liquid Level Gauging Device. 

4-4.1 Each uun re f i i ge ra t ed  storage system shall be 
equipped with a liquid level gauging device of approved 
design, such as a pressure differential type, a float gauge, a 
rotary gauge, slip tube, or a magnetic or fixed tube device. 
If the liquid level gauging device is a float type or a pres- 
sure difl'erential type and the container is a nonrefiiger- 
ated type, tim container also shall be provided with an.aux- 
iliary gauging device, such as a fixed clip tube, slip tube, 
rotary gauge, or similar device. 

Unlisted gauge glasses of the cohmmar type shall not be 
permitted. 

4-4.2 Refrigerated containers shall be equipped with a 
liquid level ganging device of approved design. An attxil- 
iary gauging device shah not be required for refrigerated 
containers. However, ira lieu of an auxiliary gauge, refrig- 
e ra ted  con ta iners ,  if subject  to overfi l l ing,  shall be 
equipped with an automatic device to interrupt filling of 
the tank when the maxinmm filling level is reached. 
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4-4.3 All gauging devices shall be arranged so that the 
maximum liquid level to which the container can be filled 
fi)r butane, for a 50-50 mixture of butane and propane, 
and tbr prol)ane is readily determinable. 

4-4.4 Gauging devices that require bleeding o[ the prod- 
iict to the atmosphere, such its the rotary tube, fixed tube, 
and slip tube, shall be designed so that Ihe bleed valve 
maximum opening is not larger than a No. 54 drill size, 
unless provided with an excess-flow valve. 

4-4.5 Gauging devices fi)r containers shall have a maxi- 
mum allowable working pressure at least equal to that of 
the conlainers to which they are attached. 

4-4.6 Where used, the length of a fixed tube device shall 
be designed to indicate tile maximum level to which the 
container can be filled for the product  contained. Tile 
length or location of the fixed tube to indicate this level 
shall be based on the volume of the product at 40°F (4.4°C) 
at its maximum permitted filling density tbr aboveground 
containers and at 50% (I()°C) tbr buried containers. 

NOTE: Refer to Appendix B tbr calculating the filling 
point tot which the tube should be designed. 

4-5 Hose Specifications for Nom'efrigerated LP-Gas. 

4-5.1 Hose shall he fabricated of materials that are resis- 
tan! to the action of LP-Gas and shall be approved. 

4-5.2 Hose, hose connections, and flexible connections 
shall comply with 4-5,2.1 and 4-5.2.2. 

4-5.2.1 Hose shall be designed fbr a minimum bursting 
pressure of 1,750 psi (12.1 mPa) [350 psi 12.41 mPa) work- 
ing pressure] and shall be marked with "LP-Gas" or 
"IA~G, '" with tile working pressure in psi at not greater 
than 10-fl (3-m) intervals. 

4-5.2.2 Hose assemblies, afimv the application of connec- 
tions, shall have a design capability of withstanding a pres- 
sure of not less than 700 psi (4.8 mPa). If a test is made, 
such assemblies shall not be leak tested at pressures higher 
than the working pressure [350 psi 12.41 mPa) minimum] 
of the hose. 

4-6 Drips, Pits, and Drains. 

4-6.1 Where vaporized gas can condense, suitable means 
shall he provided for revaporization or disposal of the 
condensate. 

4-6.2 If pits are used, they shall be fitted with continuous 
automatic flammable vapor detecting devices equipped with 
an alarm. No drains or blowotf lines shall he directed into or 
in proximity to sewer svstetns used fin other purposes. 

4-7 Pumps and Compressors. 

4-7.1 Each pump and compressor shall be suitable toy tile 
liquefied petroleum gas service intended. Each pump and 
compressor shall be marked with its maximum working 
pressure. 

4-7.2 Refiigerated storage systems shall be provided with 
sufficient capacity to maintain all containers at a pressure 
not in excess of the operating pressure u n d e r  SUll]mel 
weather conditions and shall be provided with additional 
capacity tbr filling or standby service. Unless thcilities are 
provided to safely dispose of vented vapors while the 

reti igeration system is inoperative, at least two compres- 
sors shall be installed where cotnpressors and condensers 
are used. Compressor capacity provided lot standby set- 
vice shall be capable of handling the volume of vapors nec- 
essary to be evolved to maintain operating pressure. Auxil- 
iary equipment,  such as fans, circulating water pumps, and 
instrument air compressors, shall be provided with spare 
or standby fitcilities sufficient to ensure that prolonged [hil- 
ure of refrigeration can be prevented. 

4-7.3 Adequate means shall be available for operating 
equipment  in the event of failure of normal tktcilities. 

4-8 Protection of Container Accessories. 

4-8.1 Valves and regulating, gauging, and other  con- 
tainer accessory equipment shall be protected against tam- 
pering and physical damage. If hicks are used, they shall be 
o f the  fiangible shank type. 

4-8.2 All connections on undergroulM containers shall be 
located within a substantial dome, housing, or manhole and 
shall be protected by a substantial round cover. (See 6-4.2.) 

Chapter  5 Vaporizers ,  Heat  Exchangers ,  and 
Gas-Air Mix ing  

5-1 General. 

5-1.1 Liquefied petrolemn gas storage containers shall 
not be directly heated with open flames. 

5-1.2 Heating or cooling coils shall not be installed inside 
of a storage container. 

5-1.3 Vaporizer houses shall tlot have drains to sewers or 
sump pits. 

5-1.4 Building or structural ench>sures in which vaporiz- 
ers or gas-air inixers are installed shall be of lightweight 
noncombustible construction with non-load-bearing walls. 
If  rooms containing such equipment are located within or 
attached to buildings in which Ll'-Gases are not handled, 
i.e., control roonls, shops, boiler rooms, etc., the COl]Ill]on 
walls shall be limited to no more than two in number,  shall 
be designed to withstand a static pressure of at least 100 psf 
(4.8 kPa), shall have no doors or other comnmnicating 
openings, and shall have a fire resistance rating of at least 
1 hr. Such huildings or structural enclosures shall be ven- 
tilated to minimize the possihility of hazardous accumu- 
lations of  flammable vapors by a gravity svstem composed 
of a combination of wall openings near the tloor line and 
roof ventilators. The ventilation rate shall be at least 1 cfin 
(0.47 L/s) of air pet  sq ft (0.09 m'-') of ttoor area. 

5-2 Vaporizers, Heat Exchangers, and Gas-Air Mixers. 

5-2.1 Vaporizers shall be of the indirect type (utilizing 
steam, hot water, ()r other heating mediun0 or direct fired. 
This subsection shall not apply to engine tirol vaporizers or 
to integral vaporizer-burners such as those used with weed 
burners or tar kettles. 

5-2.2 Indirect vaporizers and heat exchangers shall com- 
ply with the lollowing: 

Ca) Indirect vaporizers with an inside diameter of more 
than 6 in. (152 ram) shall be constructed in accordance with 

1995 Edition 



VAI'ORIZI'~RS, H EAT EXCHANGFRS,  AND GAS-AI R M I XI N(; 5 9 - 1 9  

the applicable provisions of the ASME Boiler and Pressure I/e.s - 
sel Code for a design pressure of not less than 250 psi 
(1.7 mPa) and shall be permanently and legibly marked with: 

1. The markings required hv the Code. 

2. The outside surface area in sq ft. 

3. The area of the heat exchange surface in sq It. 

4. The maximum vaporizing capacity, in o'°"tl per hr. 

5. The rated heat input  in Btu/h. 

6. The name or symbol of the manufacturer. 

(b) indirect vaporizers shall be provided with a suitable 
automatic means to prevent liquid t iom passing through 
the vaporizer to the vapor discharge piping. This means 
shall be permitted to be integral with tim vaporizer or oth- 
erwise provided ill the external piping. (See 5-3 .2 .6 . )  

(c) Indi rec t  vaporizers,  inc lud ing  atmospher ic- type 
vaporizers using heat from the sur rounding  air or the 
ground,  shall be equipped, at or near the discharge, à, ith a 
spring-loaded pressure relief valve providing a relieving 
capacity in accordance with 5-2.5. Fusible plug devices 
shall not be used. 

5-2.3 Direct-fired vaporizers shall culnply à, ith the tollowing. 

(a) Design and construction shall be in accordance with 
the applicable requirements of the ASME Boiler and Pre.w 
sure Vessel Code tbr the working conditions to which the 
vaporizer à, ill be subjected, and it shall be permanently 
and legibly marked with: 

1. The markings required by the Code. 

2. The outside surlace area ill sq ft. 

3. Tim area of the heat exchange surthce in sq ft. 

4. The maximum vaporizing capacity in gltl per hr. 

5. The rated heat input in Btu/h. 

6. "Fhe name or symbol of the inanulhcturer. 

(b) Direct-fired vaporizers shall be equipped, at or near 
the discharge, à, ith a spring-loaded pressure relief valve 
providing a relieving capacity in accordance with 5-2.5. 
The relief vah, e shall be located so as not to be subject to 
tempera tures  in excess of 140°F (60°C). Fusible plug 
devices shall not be used. 

(c) Direct-tired vaporizers shall be provided with suit- 
able automatic means to prevent liquid f)om passing from 
the vaporizer to its vapor discharge piping. 

(d) A means tot manually turning off the gas to the 
main burner  and pilot shall he provided. 

(e) Direct-fired vaporizers shall be equipped with an 
automatic safety device to shut off the flow of gas to the 
main burner  if the pilot light is extinguished. If the pilot 
flow exceeds 2,000 Bm/h (2 mJ/h), the safety device shall 
shut off tile rio`a, of gas to the pilot also. 

(t) l)irect-fired vaporizers shall he equipped with a limit 
control to prevent the heater from raising the product 
pressure above the design pressure of the vaporizer equip- 
ment and to prevent raising the pressure within the s tof  
age container above the pressure shown in tile first column 
of Table 5-2.3(I) corresponding with the design pressure of 
the container [or its AS?vIE Boiler and Pre,~s,re l/esse, l Code 
equivalent--see Note 1 of Table 5-2.3(f)]. 

Table 5-2.3(t) ASME Code Minimmn Design Pressure 

Minimum Design Pressure in 
For Gases with Vapor Pressure psig (MPa gauge) ASME Code, 
in psig (MPa gauge) at 100°F Section VIII, Division 1, 1986 

(37.8°C) Not to Exceed Edition (Note 1) 

80 (0.6) 100 (0.7) (Note 2) 
101) (0.7) 125 (0.9) 
125 (0.9) 156 (1.1) 
150 (1.0) 187 (1.3) 
175 (1.2) 219 (1.5) 
215 (1.5) 250 (1.7) 

Note 1: See NFI'A 58, Appcndi\ D t;w hflbrmalion .n earher ASME or AI'I- 
ASME Codes. 
Note ~2: New containers lot 100 psig (0 7 Ml'a gauge) dcs~gn pros.sure (or 
equivalent under earlier codes) nol au0mvizcd after l)cccmbcr 31. 10-t7. 

5-2.4 Waterbath vaporizers shall comply with tile following: 

(a) Tile vaporizing chamber, tubing, pipe coils, or other 
heat exchange surtace containing the LP-Gas to be vapor- 
ized, hereinafter referred to as the "heat exchanger," shall 
be constructed in accordance wilh the applicable provisions 
of the ASME Boiler and Pres.~ure Vessel Code fbr a minimum 
design pressure of 250 psi (1.7 mPa) and shall be perma- 
nently and legibly marked with: 

1. The markings required by the code. 

2. The outside surface area in sq ft. 

3. The area of the heat exchange surlace in sq ft. 

4. The maximum vaporizing capacity in gal per hr. 

5. The rated heat input in Btu/h. 

6. The name or symbol of tile manut~,ctuler. 

(b) Heat exchangers tbr water hath vapgrizers shall be 
provided with an automatic control to prevent liquid flom 
entering the distribution piping system. 

(c) Heat exchangers tbr waterbath vaporizers shall be 
equipped at or near the discharge with a spring-loaded pres- 
sure relief valve providing a relieving capacity in accordance 
with 5-2.5. Fusible plug devices shall not be used. 

(d) Waterbath sections of waterbath vaporizers shall be 
designed to eliminate a pressure buildup above the design 
presstlle. 

(e) The immersion heater, which provides heat to 
the waterbath, shall he installed so as n o t t o  contact the 
heat exchanger and shall be permitted to be electric or 
gas-tired. 

(f) A control to limit the temperature of tile waterbath 
shall be provided. 

(g) Gas-fired immersion heaters shall be equipped with 
an automatic safety device to shut off tile flow of gas to the 
main burner  and pilot in the event of flame failure. 

(h) Gas-fired immers ion  heaters `a'ith an input  of 
400,000 Bm/h (499 m J/h) or more shall be equipped with 
an electronic flame safeguard and programming to pro- 
vide for prepurge prior to ignition, proof of pilot hetore 
main burner  vah, e opens, and lull shutdown of main gas 
and pilot upon flame tailure. 

(i) A means shall be provided to shut off tile source of 
heat in the event the level of the heat transfer medium talls 
below tim top of the heat exchanger. 

1995 Edition 



5 9 - 2 0  STOIL~\GE AND H A N D L I N G  OF I A Q U E H E D  I 'ETROLEUM GASES AT U T I L I T V  (;AS PI~kNTS 

5-2.5 The nfininmm rate of discharge in cu ff of air per min 
tot pressure relief valves for LP-Gas vaporizers, either of the 
indirect type or direct fired, shall be determined as fi-~llows: 

(a) Based on conservative heat transter calculations (i.e., 
assuming that the vaporizing chamber is liquid full), the 
maximum vapor-generating capacity (rate) shall be deter- 
mined when maximtun heat is available. That vapor rate 
shall be converted to an equivalent air rate. 

(b) If the vaporizer is direct fired or if a substantial exte- 
rior surface is in contact witb the LP-Gas, the suin of the 
vaporizer surface and the LP-Gas wetted exterior surface 
sball be permitted to be used in conjunction with Table E-1. 

5-2.6* LP-Gas-air mixers shall comply with the tollowing: 

5-2.6.1 LP-Gas-air mixers shall be designed for the air, 
vapor, and mixture pressures to which tfiev can be sub- 
,jetted. Piping shall comply with 4-1.1. 

5-2.6.2 LP-Gas-air mixers that are to be used to supple- 
ment (peak-shave) a natural gas supply shall be designed to 
produce a mixture of natural gas, air, and LP-Gas vapor 
that is safely interchangeable with the natural gas. If neces- 
sary, redundant  controls or interlocks shall be provided to 
prevent the introduction of either undiluted air or vapor 
into the gas distribution lines in quantities that would cre- 
ate interchangeability problems. 

5-2.6.3 A positive valving arrangement,  such as a double- 
block-and-bleed (check wtlves shall not be considered to be 
sufficient for tiffs purpose), shall be installed close to the 
mixer to prevent backflow of gas into the air supply lines 
or of air into the LP-Gas system when the plant is not in 
operation. I~P-Gas mixer control valves in the LP-Gas and 
air supply lines that are arranged to fail closed when actu- 
ated by safety interlock or otber trip devices shall be con- 
sidered as acceptable shutdown devices but not as isolation 
devices as specified in this paragraph. 

5-2.6.4 Where it is possible.for condensation to take place 
between the vaporizer and LP-Gas-air mixer, a separator 
or other rneans shall be provided to prevent LP-Gas liquid 
fiom entering the LP-Gas-air mixer. 

5-2.6.5 LP-Gas-air mixers that utilize the kinetic energy 
o1 the LP-Gas vapor to entrain air tiom the atmosphere 
shall require only a shutoff that will minimize the leakage 
of either gas or LP-Gas wtpors to the atmosphere when the 
mixer is not operating. Such mixers also shall be provided 
with sufficient pressure regulation and associated inter- 
locks to prevent significant departure fiom the design ratio 
of I~P-Gas-air mixture. 

Exce/~lim~: Mixe~:~ receiving air .fiom a blower, compressor, or 
troy source c![ ~1i~ other than directly from the atmo,~phere. 

5-3 Vaporizer Installation. 

5-3.1 Application. This section applies to the installation 
of vaporizing devices covered in Section 5-2. 

5-3.2 Installation of  Indirect-Fired Vaporizers. 

5-3.2.1 Indirect-fired vaporizers shall comply with 5-2.2 
and shall be installed as tbllows: 

5-3.2.2 Indirect  vaporizers shall be permit ted  to be 
installed outdoors, in buildings used exclusively for gas 
manufacturing or distribution, or in separate structures 

constructed in accordance with 5-1.4. Any such buildings 
shall be well ventilated near the floor line and rooE 

5-3.2.3 Indirect wlporizers shall also be permitted to be 
installed in structures attached to, or rooms within, build- 
ings not used fbr gas manufacturing or distribution, pro- 
vided such attached structures or rooms comply with Sec- 
tion 7-3 of NFPA 58, Standard,fin the Storage and Handling 
of Liquefied Peholem~( Gase,~, and that there are no openings 
of any sort from the vaporizer room into the building or 
structure of which it is a part. 

5-3.2.4 The housing for the vaporizer covered by 5-3.2.2 
or 5-3.2.3 shall not have any unprotected drains to sexvers 
or sump pits. Pressure relief valves on vaporizers within 
bnildings shall be piped to a point outside the building and 
shall discharge vertically upward. 

5-3.2.5 The device supplying the heat necessary fbr pro- 
ducing steam, hot water, or other heating mediuin shall be 
permitted to be installed outdoors, in a separate building, 
or in a structure attached to, or in rooms within, another 
gas manufacturing or distributing building (but not build- 
ings used fbr other purposes), provided: 

(a) The housing provided shall comply with 5-1.4 and 
shall be well ventilated near the floor line and roof 

(b) The heat supplying device, if outdoors, or the hous- 
ing in which it is installed, shall be located with respect to 
other LP-Gas facilities and operations as required by Sec- 
tion 3-8. If the heat supplying device is gas-fired and is 
packaged with the vaporizer, or installed within 15 ft (5 m) 
of the vaporizer, it shall be subject to the provisions of 
5-3.3 covering installation of direct gas-fired vaporizers. 

5-3.2.6 The heating medium piping into and from the 
vaporizer shall be provided with a suitable means for pre- 
venting the flow of gas into a heating system that is supply- 
ing heat to areas other than the LP-Gas facility in the event 
of a tube rupture in the vaporizer. If the device supplying 
the heat to the vaporizer is for that purpose only, the 
device, or the piping to and fiom the device, shall contain 
a relief valve, vented to the outside, to relieve excessive 
pressure in the event of a tube rupture  in the vaporizer. 

5-3.2.7 Gas-fired heat ing systems supplying heat for 
vaporization purposes shall be equipped with atttomatic 
safety devices to shut offgas to the main burners iftfie pilot 
light should fail. 

5-3.2.8 Vaporizers shall be permitted to be an integral part 
of a tuel storage container, directly connected to either tim 
liquid or vapor space, or to both. A limit control shall be pro- 
vided to prevent the heater fiom raising the product pres- 
sure above the design pressure of the vaporizer equipment, 
or the pressure within the storage container above the pres- 
sure sbown in the first cohmm of Table 5-2.3(f) correspond- 
ing with the design pressure of the container [or its 1980 
code equivalent--see Note 1 of Table 5-2.3(f)]. 

5-3.3 Installation of  Direct Gas-Fired Vaporizers. Direct 
gas-fired vaporizers shall comply with :5-2.3 and shall be 
installed as fbllows: 

5-3.3.1 Direct gas-fired vaporizers shall be permitted to 
be installed outdoors or in separate structures constructed 
in accordance with 5-1.4. An), such buildings shall be well 
ventilated near the floor line and rooE 
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5-3.3.2 Direct gas-fired vaporizers also shall be permitted 
to be installed in suuctures attached to, or in rooms within, 
a gas inanutacturing or distributing structure (but not 
buildings used fox other purposes), provided: 

(a) The housing provided shall comply with 5-1.4 and 
shall be well ventilated near the floor line and roof. 

(b) The wall separating it f iom all other compartments 
or rooms containing Ll'-Gas vaporizers, pumps, and cen- 
tral gas mixing devices shall have no openings. 

5-3.3.3 The housing fox the vaporizer covered in 5-3.3.1 
and 5-3.3.2 shall not have unprotected drains or sump pits. 
Pressure relief valves on vaporizers within buildings shall 
be piped to a point outside the building and shall dis- 
charge vertically upward. 

5-3.3.4 I)irect gas-fired vaporizers shall be permitted to 
be connected to the liquid space or to both the liquid and 
the vapor space of the container, but in any case there shall 
be a manually operated shutoff valve in ea'ch connection at 
the container to permit  shutting off completely all flow of 
vapor or liquid. 

5-3.3.5 Direct gas-lired vaporizers of any capacity shall be 
located in accordance with Table 5-3.3.5. 

Table 5-3.3.5 Separation of Vaporizers from Exposures 

Minimum Distance 
Exposure Required 

Containel" 
Comalner shutoff valves 
Point of transl;er 
Nearest important building or group of 

buildings or line of adjoining prop- 
erty that may be built upon (cxcept 
buildings in which vaporizer is 
installed: see Sectiotl 5-3.3). 

Building or room housing gas-air mixer 
Cabinet housing gas-air mixer outdoors 

50 t~ (15 m) 
50 ft (15 m) 
50 fi (15 m) 

50 ft (15 m) 
i0 ft (3 m) 
0 fi (0 m) 

5-3.4 Installation of  Waterbath Vaporizers.  Waterbath 
vaporizers shall comply with 5-2.4 and shall be installed 
as follows: 

(a) If a waterbath vaporizer is electrically heated and all 
electrical equipment  is suitable fox Class 1, Group D, loca- 
tions, the unit shall be treated as indirect f r e d  and shall be 
installed in accordance with 5-3.2. 

(b) All others shall be treated as direct-fired vaporizers 
and shall be installed in accordance with 5-3.3. 

5-3.5 Installation of  Electric Vaporizers. Electric vapor- 
izers, whether  direct immersion or indirect immersion, 
shall be treated as indirect fired and shall be installed in 
accordance with 5-3.2. 

5-3.6 Installation of  Gas-Air Mixers. 

5-3.6.1 Gas-air mixing equipment  shall comply with 5-2.6 
and shall be installed as tollows: 

(a) Where used without the vaporizer(s), the mixer(s) 
shall be permitted to be installed outdoors or in buiklings 
complying with 5-1.4. 

(b) Where used with the indirect heated vaporizer(s), 
the mixer(s) shall be permitted to be installed outdoors, or 

in the same compartment  or room with the vaporizer(s), in 
a building(s) complying with 5-1.4, or shall be permitted to 
be installed remotely t?om the vaporizer(s) and shall be 
located in accordance with 5-3.2. 

(c) Where used with the direct-fired vaporizer(s), the 
mixer(s) shall be installed as tbllows: 

1. Listed or approved in a common cabinet with the 
vaporizer(s) outdoors in accordance with 5-3.3.5. 

2. Outdoors on a common skid with the vaporizer(s) 
in accordance with 5-3.3. 

3. Installed adjacent to the vaporizer(s) to which it is 
connected in accordance with 5-3.3. 

4. In a building complying with 5-1.4 with no direct- 
fired vaporizer in the same room. 

5-3.6.2 Listed vaporizer-mixers in a common cabinet hav- 
ing a direct-fired-type vaporizer shall be installed outdoors in 
accordance with the distance provisions in 5-3.3. Listed 
wtporizer-mixers  not in a colnlnon cabinet having an 
indirect-fired-type vaporizer shall be permitted to be installed 
in a building or structure complying with 5-1.4, provided 
there is no somce of ignition in such building or suucture. 

Chapter  6 R e l i e f  D e v i c e s  

6-1 General. 

6-1.1" Relief devices on containers shall be arranged so 
that the possibility of tampering will be minimized; if' the 
pressure  sett ing or ad jus tment  is external ,  the rel ief  
devices shall be provided with an approved means for seal- 
ing the adjustment. 

6-1.2 Each container relief device shall be plainly and 
permanently marked with the pressure in psi gauge at 
which the device is set to start to discharge, with the actual 
rate of discharge in cu ft per min of air at 60°F (16°C) and 
14.7 psia (0.101 mPa), and with the manufacturer 's name 
and catalog nnmber.  For example, a safety relief valve 
marked "250-15,000 AIR" indicates that it is set to start to 
discharge at 250 psi (1.7 mPa) and that its rate of discharge 
is 15,000 fi:{ (424.50 m :~) per min of air. 

6-1.3 Connections to which relief devices are attached, 
such as couplings, flanges, nozzles, and discharge lines for 
venting, shall have internal dimensions that will not restrict 
the net relief area. 

6-1.4 The size of the relief device outlet connection shall 
not be smaller in diameter than the nominal size of the 
relief device outlet connection and shall not appreciably 
restrict flow through the relief device. 

6-1.5 All container relief devices shall be located on the 
containers and shall be connected with the vapor space of 
the container. 

6-1.6 No shutoff valve shall be installed between the relief 
device and the container, equipment,  or piping to which 
the relief device is connected. 

Exceptions*: A shutoff valve shall be permitted to be used where 
the arrangement 0/ this vah,e is such that full required capacity 
flow through the reli4device is alwa~'s @rded.  

6-1.7 Any outlet piping shall be directed horizontally or 
upward so as not to cause flame impingement  or endanger  

1995 Edition 



59-22 STORAGE AND H A N D L I N G  OF LIQUEFII~D I 'ETROI .EUM GASES N]- UTI I . ITY (;.,kS I 'I .ANTS 

personnel .  It shall have at least the area  of  the valve out let  
and shall be a r r anged  so as not  to restrict the flow unduly.  

6-1.7.1 Return fiends and restrictive pipe fittings shall not  
be pe rmi t t ed  in rel ief  device discharge vents. 

6-1.8 Discharge lines fi 'om two or more  re l ief  devices 
located on the same unit  or  similar lines f iom two or more  
d i f lereut  units shall be pe rmi t t ed  to be run  into a c o m m o n  
discharge header ,  p rov ided  the header  is des igned with a 
flow capacity sufficient to limit the m a x i m u m  back pressure  
to (1) not  e x c e e d i n g  10 percen t  of  the lowest start-to- 
d ischarge pressure  sett ing [br convent ional  rel ief  valves, 
and (2) not  exceed ing  50 percen t  of  lhe lowest start-to- 
d i scharge  p re s su re  set t ing tor ba lanced valves. H e a d e r  
design shall assume that  all valves connec ted  to the header  
are discharg ing  at the same time. 

Excepliom Dischmge lines located o~ storage cm~toi,mrs. 

6-1.8.1 Rel iefvah,  e p ip ing shall be des igned so that liquid 
that can be t rapped  will not create dange rous  back pres- 
sure when the rel ief  valve operates.  

6-1.9 All d ischarge vents f i om the satiety rel ief  valves or  
c o m m o n  discharge  headers  shall be installed in such a 
n l a n n e r  as  t o :  

(a) Lead to the open air, 

(b) Be pro tec ted  against  mecfianical damage ,  and 

(c) Exclude or  r emove  mois ture  and condensate .  This  
shall be pe rmi t t ed  to be done  by the use of  loose-fitt ing 
rain caps and drains. Drains shall be installed so as to pre- 
vent  possible flame i m p i n g e m e n t  on the containers ,  pip- 
ing, equ ipment ,  and structures.  

6-1.9.1 All d ischarge vents f i om the safety re l ief  valves or  
c o m m o n  discharge  headers  shall be installed in such a 
m a n n e r  as to discharge in an area that: 

(a) Will p reven t  possible flame h n p i n g e m e n t  on contain-  
ers, piping,  equ ipmen t ,  and structures.  

(b) Will p r e v e n t  possible  v a p o r  en t ry  into enc losed  
spaces. 

(c) Will be above the heads of  personne l  who can be on 
the conta iner  or  adjacent  containers,  stairs, platforms,  or  
g round .  

(d) Will be ab,)ve ll~e possible water  level, if i fore under -  
g round  conta iners  where  there  is a possibility of  flooding, 

6-1.9.2 All d ischarge vents from the satiety rel ief  valves or  
c o m m o n  discharge  headers  shall be installed in such a 
m a n n e r  as to p reven t  malfunct ion due  to f reezing or  icing, 

6-2 Testing Rel ief  Devices. Relief devices shall be tested 
fbr p r o p e r  opera t ion  at intervals not exceed ing  5 years. 

6-3 Aboveground Containers. 

6-3.1 T h e  d i s c h a r g e  f l o m  the re l i e f  devices  shall be 
vented  away f iom the conta iner  and shall be unobs t ruc ted  
to the open air in a m a n n e r  t~ p reven t  any i m p i n g e m e n t  
of  escaping gas upon  the container ,  adjacent  containers,  
piping, and o ther  eqn ipment .  T h e  vents shall be fitted with 
loose-fitt ing rain caps. Suitable provision shall be made  to 
p r e v e n t  any l iquid or  condensa t e  that  can accumula te  
inside the rel ief  device or  its vent  f i om r e n d e r i n g  the rel ief  
device inoperat ive,  l f  a bot tom drain is used, a means  shall 
be provided  to protect  the container ,  adjacent  containers ,  
and pip ing of  equ ipn len t  against i m p i n g e m e n t  of  f lame 

resul t ing from ignit ion of  p roduc t  escaping f iom the drain.  
The vent  p ip ing  shall ex tend  upward  at least 7 1~ (2.2 m) 
above the top of  the container .  

Table 6-3 Relief Valve Setting Pressure 

Containers Minimum Maximum 

All ASME Codes prior to thc 1949 edi- 
tion, and the 1949 edilion, para- 
graphs U-68 and U-69 110% 125%* 

ASME (',ode, 1949 cdition, paragraphs 
U-200 and U-201, and all ASME 
Codes later than 1949 88% 100%* 

ANSI/AP1 620 100%* 

*Manulaclurcrs o |  relict valves shall bc allowed a plus tolerancc nm 
cxcccding If) percent of the sol pressure marked on the valve. 

6-3.2 Relief devices on conta iners  shall be cons t ruc ted  to 
discharge at not  less than the rates shown in Append ix  E 
betore  the pressure  is in excess of  120 pe rcen t  of  the max- 
i n m m  (not inc luding  the 10 pe rcen t  r e fe r red  to in the 
asterisked note of  Table  6-3) pe rmi t t ed  s tar t- to-discharge 
pressure  sett ing of  the devices. 

6-3.3 For  r e D i g e r a t e d  s torage,  cons ide ra t ion  shall be 
given to making  p r o p e r  provisions for vacuum conditions.  

6-4 Underground Containers. 

6-4.1 Relief devices shall meet  all the conditions outlined for 
aboveground  containers,  excep~ the rate of  discharge for 
rel ief  devices installed the reon  shall be pe rmi t t ed  to be 
reduced to a min imum of 30 percent  of  the specified rate of  
discharge shown in Appendix  E. The  discharge pipe f iom 
satety relief devices shall extend directly, vertically upward at 
least 7 ft (2.2 m) above the ground.  If liquid product  is placed 
in containers while they are not  buried, these containers shall 
be considered to be aboveground containers. 

6-4.2 W h e r e  the re  is a probabil i ty  of  the manho l e  or  
hous ing  becoming  f looded,  tile d ischarge f iom regula tor  
vent lines shall be above such water level. All manholes  or  
housings shall be p rov ided  with vent i la ted louvers  or  their  
equivalent .  

6-5 Vaporizers. 

6-5.1 Each v a p o r i z e r  shall be p r o v i d e d  with a re l i e f  
device p rov id ing  an cfliective rate of  discharge in accor- 
dance with 5-2.5. 

6-5.2 Relief valves oil direct-fired vaporizers shall be located 
so that they shall not be subjected to normal operat ing ten> 
peratures  in excess of  140°F (60°C). (See Secho~l 6-1 for other 
requiremenls o~ relieJ devices.) 

6-6 Hydrostatic Relief  Valves. A hydrostatic relief valve 
shall be installed be tween each pair  of  shutoff  valves on liq- 
uefied pe t ro l eum gas liquid p ip ing  so as to rel ieve the pres- 
sure that could develop f rom the t r apped  liquid to a safe 
a tmosphe re  or  o ther  por t ion  of  the system that can safely 
accept  it. Hydrostat ic  relief vah, es shall have pressure  set- 
tings not less than 400 psi (2.76 mPa) or  more  than 500 psi 
(3.45 mPa) unless installed in systems des igned to opera te  
above 350 psi (°.41 mPa). Hydrostat ic  rel ief  vah, es for use 
in systems des igned to opera te  above 350 psi (2.41 mPa) 
shall have settings not  less than 110 percen t  or  more  than 
125 percen t  of  the systein design pressure.  
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Chapter  7 H a n d l i n g  

7-1 Transfer of Liquids within a Utility Plant. 

7-1.1 Pumps and compressors used tot t rans f e r r ing  lique- 
tied petroleum gas shall be suitable fi)r the product handled. 

7-1.2 Transt;er of liquefied petroleum gases by pressure 
ditti~rential using tuel gas or inert gas at a pressure higher 
than the pressure of the l.,P-Gas in the container being 
filled shall be permitted in accordance with the tbllowing: 

Ca) Two backflow check valves and a manually operated 
shutoff valve shall be installed in the fuel gas or inert gas 
line or system in series to prevent LP-Gas t iom tlowing 
back into the tuel gas or inert gas line or system. 

(b) Any fuel gas or inert gas used to obtain a pressure 
differenti:tl to move liquid liquefied petroleum gas shall be 
noncorrosive and dried to avoid stoppage by fieezing. 

(c) Betore any fuel gas or inert gas is placed in a tank 
car for unloading liquetied petroleum gas by pressure dif- 
ferential, permission shall be nbtained and documented 
ti'om the vendor of the liquefied petroleum gas to intro- 
duce such wlpors into the rank car or a tank truck. 

7-1.3 Transfer operations shall be conducted by employ- 
ees familiar with the proper t ies  of the material  and 
instructed in transfer and emergency procedttres. At least 
one competent person shall remain in attendance during 
the entire period of transfi~'r tiom the time connections are 
made until the transfer is completed, shutoff valves are 
closed, and lines are disconnected. 

7-1.4 Written procedures shall be available to cover all 
transfer operations and shall cover emergency as well as 
normal operating procedures. They shall be reviewed and 
updated at least annually and shall be available to all per- 
sonnel engaged in transfier operations. 

7-1.5 The maximunl vapor pressure of nonrefiigerated 
product at 100°F (37.8°C) that can be transt;erred into a 
container shall be in accordance with 2-2.1 or 2-2-2 and 
2-2.3. 

7-1.6 Isolation valving and bleed connections shall be 
provided at the loading or unloading manitold tbr hoth 
liquid and vapor return lines so that hoses and arms can be 
blocked ott, drained of liquid, and depressured befine dis- 
connecting. Bleeds or vents shall discharge to a safe area. 

7-1.7 Caution shall be exercised to ensure that only those 
gases ti)r which the system is designed, examined, and 
listed are employed in its ot)eration, particularly with 
regard to pressures. 

7-1.8 Translbr of refi-igerated product shall be made only 
into systems designed to accept retiigerated product. 

7-2 Tank Car Loading and Unloading Point. 

7-2.1 The track of tank car siding shall be relatively level. 

7-2.2* A TANK CAR CONNECTEI) sign, as covered by 
DOT (U.S. Department of  Transportation) rules, shall be 
installed at the active end or ends of the siding while the 
tank car is connected tot unloading. 

7-2.3 While cars  are on side-track for unloading,  the 
wheels at both ends shall be blocked on the rail. 

7-3 Tank Truck Loading and Unloading. 

7-3.1 The area of tank truck transt?zr shall be relatively 
level. 

7-3.2 A tank truck loading and unloading area shall be of 
sufficient size to accommodate the vehicles without excessive 
movement or turning. 'l 'ank trucks or transports unloading 
into storage containers shall be at least 25 t[ (7.6 m) fiom the 
container and positioned so that the shutoff valves on both 
the truck and the container are readily accessible. 

7-3.3 While trucks are loading or unloading, the wheels 
shall be blocked. 

Chapter  8 Operat ions  

8-1 Operating Procedures Manuals. 

8-1.1 Each facility shall prepare and maintain written 
operating procedures lnanuals covering thcilitv startup, 
operation, and shutdown. 

8-1.2 Operating procedures manuals shall include opera- 
tor actions to be taken if flammable concentrations of flam- 
mable liquids or gases are detected in the facility using 
fixed detectors, portable detectors, operating malfimctions, 
and human senses. Where human senses are relied on, a 
schedule of tours of the facility shall be included in the 
operating procedures. 

8-1.3 Operating procedures shall include procedures tot 
purging and inerting equipment. 

NOTE: For information on purging and inerting equip- 
merit, see NFPA 327, Slamlard Procedures .lot Cleaning m 
Sa/i'guarding Small Tanfi,~ and (2mlamer.~ H.T/hotd Enh~,, and 
AGA lhogmg Prmt iple,~ and Praclme. 

8-1.4 Operating procedures tor vaporizers shall include 
maintenance of vaporization rate, pressure control, and 
temperature. Procedures shall include specific actions to be 
taken when parameters exceed normal operating limits 
and criteria ti)r emergency shutdown. 

8-1.5 In tacilities where propane is stored as a refiigerated 
liquid, operating procedures shall include monitoring of liq- 
uid temperature and pressure and procedures to be taken if 
these exceed operating limits. These procedures shall mini- 
mize tim release of tlaminable gases to the atmosphere. 

8-2 Personnel Safety. 

8-2.1 Employees assigned and trained to perfi)rm emer- 
gency actions shall be assigned personal protective equip- 
ment for use when responding to emergencies that have 
progressed beyond the incipient stage. Emph)yees assigned 
personal protective equ ipment  shall be t rained in its 
proper use. 

8-2.2 Each utility gas plant shall have first-aid materials 
on hand in sulticient quantity to handle a reasonably antic- 
ipated emergency. 

8-3 Transfer Procedures. 

8-3.1 The  procedures  r e q u i r e d  in Section 8-1 shall 
include all aspects of LP-Gas transfer, including: 

Ca) Verilication ofconnections to ensure proper delivery 
of LP-Gas, 
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(b) 
(c) 
(d) 
(e) 
(t) 

8-3.2 

Verification of gas tightness of connections, 
Inspection of hoses and fittings, 
Valve sequencing, 
Disconnection procedures,  and 
Purging procedures,  if used. 

All LP-Gas transfers shall be at tended by plant per- 
sonnel in accordance with 7-1.3. 

8-3.3 Provisions shall be implemented to prevent  moving 
of tank vehicles dur ing  transfer. 

8-4 Operating Records. 

8-4.1 Each facility shall maintain a record of all operat ing 
log sheets and recorded data. These records shall be made 
available to the authori ty having jurisdict ion upon reason- 
able request. 

8-4.2 Opera t ing  log sheets required under  8-4.1 shall be 
retained tbr at least 5 years. 

Chapter  9 Main tenance  

9-1 Maintenance Manuals. 

9-1.1 Maintenance manuals fbr all equipment  at the facil- 
ity shall be kept at the facility and shall be available to 
maintenance personnel.  

Exceptio~z: Mmmals for ~ormally mmtte,~ded facilities shall be 
permitted to be sto.red a! a locatio~ where they will be accessible for 
mai~te~m~lce persom~el servicing the m~atte~Med locatio~. 

9-1.2 Maintenance manuals shall include: 

(a) Drawings, procedures,  and parts lists provided by 
the manutacturer  or installer; 

(b) Routine and preventative maintenance procedures  
and schedules; 

(c) Routine inspections to be per tormed;  and 
(d) Corrosion inspection and control procedures,  where 

applicable. 

9-2 Maintenance of Fire Protection Equipment. Mainte- 
nance activities on tire control equipment shall be scheduled 
so that a minimum of equipment is taken out of service at an t' 
time and is returned to service in a reasonable period of time. 

9-3 Auxiliary Power Sources.  Each auxi l iary  power  
source shall be tested at least monthly to verify its opera-  
tional capability. 

9-4 Purging Prior to Maintenance. ?dl equipment  con- 
taining flammable or hazardous materials shall be purged 
in accordance with 8-1.3 pr ior  to beginning maintenance 
procedures.  

9-5 Maintenance Records. 

9-5.1 Each tacilitv shall maintain a record of all mainte- 
nance log sheets o[" process equipment.  These records shall 
be made available to the authori ty having jurisdict ion upon 
reasonable request. 

Except~om Maintenm~ce records jbr ~ormally u~mttended facili- 
ties shall be permilted to be stored at a.t~other locatim~. 

9-5.2 Records required under  9-5.1 shall be retained tbr the 
life of the equipment, while in use, and for 3 vears thereal{er. 

Chapter  10 Fire Protect ion ,  Safety, and Security  

10-1 General. 

10-1.1" Fire protection shall be provided for all utility gas 
plants. The extent  of such protection shall be determined 
by an evaluation based on the type (refrigerated or nonre- 
frigerated),  quantity, and size of storage containers; an 
analysis of local conditions; hazards within the facility; and 
exposure to and ti'om other property.  The  evaluation shall 
consider, as a minimum: 

(a) The time of response and effectiveness of local emer- 
gency response agencms. 

(b) The  type, quantity, and location of equipment  neces- 
sary tbr the detection and control of potential nonprocess 
and electrical fires. 

(c) The  inethods necessary fur protection of the equip- 
ment  and structures floln the eflects of five exposure. 

(d) Fire protection water systems. 
(e) Fire extinguishing and other  fire control equipment.  
(f) Automatic shutdown equipment,  including the type 

and location of  sensors to initiate manual  or automatic 
operation.  

(g) The  availability and duties of individual plant per- 
sonnel and the availability of external response personnel  
dur ing an emergency. 

(h) The  pro tec t ive  e q u i p m e n t  and special t r a in ing  
needed by the individual plant  personnel  for their respec- 
tive emergency duties. 

NOTE: In heavily populated or congested areas where 
serious mutual exposures between container(s) and adja- 
cent properties prevail, it is recommended that greater dis- 
lances or special protcction in accordance with good fire 
protection engineering practices be provided. Special pro- 
tection can consist  of mounding or hurying containers or 
providing fixed water spray or monitor nozzle protection. 

(i) The need tor a permanent ly  mounted  combustible 
gas detection system or a permanent ly  mounted  fire detec- 
tion system. 

10-1.2 The  wide range in size, design, and location of 
facilities covered by this s tandard precludes the inclusion 
of detailed fire protection provisions completely applicable 
to all tacilities. 

10-1.3 A detailed emergency procedures  manual shall be 
p repared  to cover the potential emergency conditions that 
can develop whether or not a fire has occurred. Such pro- 
cedures shall include, but not necessarily be limited to, the 
fbllowing: 

(a) Shutdown or isolation of various port ions of  the 
equipment  and other  applicable steps to ensure that the 
escape of gas or liqnid is prompt ly  cut off or reduced as 
much as possible. 

(b) Use of fire protection facilities, 
(c) Notification of public authorities, 
(d) First aid, and 
(e) Duties of personnel.  

The emergency procedures manual shall be kept readily 
available in the operating control room or at a constantly 
attended location if the plant site is not continually manned. 
It shall be reviewed and updated annually and as required by 
changes in equipment or procedures. 
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10-1.4 All personnel shall be trained in their respective 
duties contained in the emergency procedures manual. 
Those personnel responsible fox the use of fire protection 
or other plant  emergency equ ipment  shall be trained 
annually in the use of that equipment.  

10-1.5 The p lanning of effective fire control measures 
shall be coordinated with the authority having jtnisdiction 
and local entergency handling agencies, such as fire and 
police departments,  who are expected to respond to such 
emergencies. 

10-1.6 Gas fires normally shall not be extinguished until 
the source of the burn ing  gas has been shut off. 

10-2 I g n i t i o n  Source  Contro l .  Cont ro l  of ign i t ion  
sources shall comply with Section 1-10. 

10-3 Fire and Leak Detection. 

10-3.1 Those areas, including enclosed buildings, that 
bave a potential fbr flammable gas concentrations and fire 
shall be monitored as determined by the study required 
in 10-1.1. 

10-3.2 Continuously monitored flammable gas detection 
systems shall alarm at the plant site and at a constantly 
at tended location if the plant site is not cont inuously 
manned.  Flammable gas detection systems shall alarm at 
not more than 25 percent of the lower flammable limit of 
the gas or vapor being monitored. 

10-3.3 Fire detectors shall alarm at the plant site aim at a 
constantly attended location if the plant site is not continu- 
ally manned.  

10-3.4 Detection systems, where used, shall be designed, 
installed, and maintained in accordance with NFPA 72, 
National Fire Alarm Code, and NFPA 1221, Standarct.fi," the 
Installation, Mamte~mnce, a~M Use of Public Fire Service Com- 
muaication 5),stems. 

10-4 Conta iner  Protect ion .  Nonref l ' igerated storage 
conta iners  shall be cons idered  adequate ly  pro tec ted  
against fire expostne if the}, are buried or mounded in 
accordance with 2-5.2 or insulated. (See Appe,dix D.) 

10-5 Fire Protection Water Systems. 

10-5.1 A water supply and a system for distributing and 
applying water shall be provided [or protection of expo- 
sures; cooling containers, equipment,  and piping; and coma- 
trolling unignited leaks and spills unless an evaluation in 
accordance with 10-1.1 indicates that the use of water is 
unnecessary or impractical. 

10-5.2 The design of fire water supply and distribution 
systems, if provided, shall provide fox the simultaneous 
supply of those fixed fire protection systems, including 
moni to r  nozzles, at their  design flow and  pressure ,  
involved in the maxi'nmm single incident expected in the 
plant. An additional supply of 1,000 gpm (63 L/s) shall be 
available fox hand hose streams tbr a period of not less 
than 2 hr. Manually actuated monitors shall be permitted 
to be used to augment  hand hose streams. 

10-5.3 Nonreti igerated storage containers that are not 
adequately protected per Section 10-4 shall be analyzed 
based on availability of water supply, the probable effec- 
tiveness of the plant fire brigades, and the time of response 

and probable effectiveness of the fire department.  The first 
consideration in such an analysis shall consist of the use of 
water applied by the fire brigade or fire department  for 
eftiective control of hazardous leakage or fire exposing stor- 
age tanks, cargo vehicles, or railroad tank cars that can be 
present. If the analysis indicates additional water protec- 
tion is needed, the protection shall comply with 10-5.4. 

10-5.4 Special Protection. 

10-5.4.1 If insulation is used, it shall be capable of limit- 
ing the container temperature to not over 800°F (427°C) 
tor a mininmm of 50 rain as determined by test with insu- 
lation applied to a steel plate and subjected to a test flame 
substantially over the area of the test plate. The insulation 
system shall be inherently resistant to weathering and the 
action of hose streams. 

NOTE: It is recommended that insulation systems bc eval- 
uated on the basis of experience or listings by an approved 
testing laboratory. (See also Appendix D.) 

10-5.4.2 If mounding  is utilized, the provisions of 3-2.4.7 
of NFPA 58, Standard,/be the Slorage a~d Ha,artli~g of Lique- 
,fled Petroleum Gases, shall constitute adequate protection. 

10-5.4.3 If burial is utilized, the provisions of 2-5.2 shall 
constitute adequate protection. 

10-5.4.4 If water spray tixed systems are used, they shall 
comply with NFPA 15, Stm~dard ~or I4/ater Spray Fixed &,stems 
Jbr Fire Protection. Such systems shall be automatically actu- 
ated bv fire responsive devices and also shall have a capa- 
bility (or manual actuation. 

10-5.4.5 If monitor nozzles are used, the}, shall be located 
and a r ranged  so that conta iner  surfhces likely to be 
exposed to fire will be wetted. Such systems shall otherwise 
comply with NFPA 15, Sta~Mard for Water Spray Fixed Systems 
,/be Fire Protection, and shall be atttomatically actuated by 
fire responsive devices and also shall have a capability fox 
manual actuation. 

10-5.5 Fire protection water systems, where used, shall be 
designed, installed, and maintained in accordance with the 
tollowing NFPA standards, as applicable, considering the 
fire control problems in facilities covered by this standard: 

(a) N FPA 13, Standard f in the lmlallatio~l of S/Jri,,kler 5~'vstems 

(b) NFPA 14, StmMard for the lnstallatio~z of Stmulpipe and 
Hose Systems 

(c) NFPA 15, Staadard for Water Spray Fixed Systems for 
Fire Protection 

(d) NFPA 20, Standard Jbr the Mstallation ~¢ Centr!/hgal 
Fire Pttmps 

(e) NFPA 22, Standard for Waler Tavk~ fbr PrivaZe Fire 
Protectio, 

(t) NFPA 24, Standard for the h~stallatioa, o/ Private Fire 
Service Mains and 77~eir Appurtenances 

(g) NFPA 1961, Sta,dard for Fire Hose 

(h) NFPA 1962, Stamlard fi~r the Care, Use, aml Se~:,ice 
Testi~g of Fire Hose Including Coz@lings a,d Nozzles 

(i) NFPA 1963, Standard/or Fire Hose Conneetion.s. 

NOTE: Sec also NFPA 26, Recommemted Praclwejbr the Super- 
vista, of Valves Controlling Wah, r 5'ltpphes for Fro" Protectiml. 
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10-6 Fire Extinguishing and Other Fire Control Equipment. 

10-6.1 Portable or wheeled fire extinguishers suitable for 
gas fires, preferably of the dry chemical type, shall be avail- 
able at strategic locations, as determined in accordance 
with 10-1.1, within the tacifitv. The minimum size portable 
dry chemical extinguisher shall be 18 lb (8.2 kg) with a B:C 
rating. These extinguishers shall be provided and main- 
taincd in accordance with NFPA 10, Slandard JMr Portable 
Fire Extingmdwr~. 

10-6.2 Fixed fire-extinguishing and other fire control sys- 
tems can be appropriate for the protection of specific hazards 
as determined in accordance with 10-1.1. If provided, such 
systems shall be designed, installed, and maintained in accor- 
c[ance with the following NFPA standards, as applicable: 

Ca) NFI'A 11, Sta.ndard for LMw-Expa'n,ffMn Foam 
(b) NFPA' 11A, Slandard jbr Medium- and High-Expa~sion 

FMa#I @,'.sic#Is 
(c) NFPA i2, S~andard M,. CarbMn D~Mxide Exlinga.ishmg 

S%le#L~ 
(d) NFPA 12A, Standard Mn HaIMn 1301 Fire Extinguishing 

S~,.slems 
(e) NFPA 12B, Standard Mn Hahm. 1211 Fhe ExtinguLshing 

Systems 
(t) N FPA l 6, SOmda*(l ,/Mr the l,.~lallaliMn of Deluge FMam- 

Water Spri~dder and Foam- Waler Spr((¥ 5),stem,~ 
(g) NFPA 17, Stamlard f )r  D O, Chemical Extinguishing Systems. 

10-7 Maintenance of Fire Protection Equipment. Facil- 
ity operators shall prepare and implement a maintenance 
program tbr all plant fire protection equipment. 

10-8 Personnel Safety. 

10-8.1 Personnel shall be advised of the danger of frost- 
bite, which can resuh upon contact with LP-Gas liquid or 
cold refiigerants. Suitable protectNe clothing and equip- 
ment shall be availahle. 

10-8.2 Ttmse employees who will he involved in emer- 
gency activities, as determined in accordance with 10-1.1, 
shall be equipped with the necessary clothing and equip- 
ment. Protective clothing shall comply with NFPA 1971, 
Standard o)J P'rogechve Clothing for Struch~ral Fire Fighting, 
and shall have an impermeable outer shell. Those employ- 
ees r equ i r i ng  such protect ive c lothing also shall be 
equipped with hehnets, tace shields, gloves, and boots suit- 
able for the intended exposure. 

10-8.3 Self-contained hreathing apparatus shall be pro- 
vided tbr those employees who are required to enter an 
atmosphere thin could be injurious to health during an 
emergency. Such apparatus shall comply with N FPA 1981, 
Sla.ndard Mn Open-Circuit Sd/LCo,lained Breathing Ap/)aralu.~ 
./br Fire Fighters, and shall be maintained in accordance with 
the manuthcturer 's instructions. 

10-8.4 A portable flammable gas detector shall be readily 
available. 

10-9 Security. 

10-9.1 The Iacility operator shall provide a security sys-. 
tern with controlled access, which shall be designed to min- 
imize entry by unauthorized persons. 

• 10-9.2 A protective enclosure including a peripheral  
fence, building wall, or natural barrier shall be provided 
enclosing major facility components, such as: 

(a) LP-Gas storage containers. 
(b) Flammable reti igerant storage tanks. 
(c) Flammable liquid slot'age tanks. 
(d) Other hazardous materials storage areas. 
(e) Outdoor process equipment areas. 
(t) Buildings housing process or control equipment. 
(g) Onshore loading and unloading thcilities. 

The Location and arrangement  of protective structures 
shall minimize pocketing of escaping gas, interterencc with 
the application of cooling water by, fire departments, redi- 
rection of flames against containers, and impeding egress 
of personnel in an emergency. 

ExcepliMn: As a'n alternative tM fencmg the operating area, suilable 
devices lhal can be IMeked in place shall be provided. &~eh devices, 
when m place, shall eD/~,clivel~, prevenl u.,aulhMrized operation of any 
Mf the conlai.ner appurlenam:es, system valve.% Mr equipmeul. 

10-9.3 The provisions of 10-9.2 shall be permitted to be met 
by either one continttous enclosure or several independent 
enclosures. At least two exit gates or doors shall be provided 
for rapid escape of personnel in the event of an emergency. 

10-9.4 Provisions shall be made for the ready access to 
the facility by' emergency personnel or services. 

10-9.5 Illumination shall be provided as necessary in the 
vicinity o1 protective enclosures and in other areas to pro- 
mote security ok the thcility. 

Chapter  11 R e f e r e n c e d  P u b l i c a t i o n s  

11-1 The following documents or portions thereof are 
retierenced within this standard and shall be considered 
part of the reqtfirements of this document. The edition 
indicated lor each reference is the current edition as of the 
date of the NFPA issuance of this document. 

11-1.1 NFPA Publ icat ions .  National Fire Protection 
Association, 1 BatteD'march Park, P.O. Box 9101, Quincy, 
MA 02269-9101. 

NFPA 10, Standard Jbr Portable Fire ExtingaMters, 1994 
edition, 

NFPA 11, Slandard,/br LMw-Expansion. Foam, 1994 edition. 
NFPA l lA, Slandard for a'ledim~- a ,d  High-Expansion 

Foam S~,slem.s, 1994 edition. 
NFPA 12, Slamtard Mn CarbM~l DiMxide Exti,guishing &,s- 

tems, 1993 edition. 
NFPA 12A, Standard on HalMn 1301 Fzre ExtinguMm~g 

,S],.~lems, 1992 edition. 
NFPA 12B, Standard Mn Halon 1211 Fire Extinguishing 

S),slems, 1990 edition. 
N FPA 13, Standard f i ,  the ln,~lallaliMn o/ Sprmlder b),stems, 

1994 edition. 
NFPA 14, Standard ,/br the ln.qallatiMn ( f  Sland/)ipe and 

HM.~e 5)'stems, 1993 edition. 
NFPA 15, Standard lbr Water Spray Fixed 5),ste,~s jbr Fire 

PrMleetion, 1990 edition. 
NFPA 16, Standard jbr the h>lallaliMn of Deluge Foam- 

Water Sprmlder and FMam-Water Spray Syslem.~, 1995 edition. 
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NFPA 17, Stm~dard for D U Chemiccd Exthlgt~ishi~tg Sv.~lems, 
1994 edition. 

NFPA 20, Sta~dard for the [t~stallahot~ of Centrifugal Fire 
Pumps, 1993 edition. 

NFPA 22, SlmMard for Waler 77mk.~ for Private Fire Protec- 
tions, 1993 edition. 

NFI'A 24, Standard fi~r the l.~stallalim~ o/ Private Fire Ser- 
vice Mares and Their Appurle~m~ces, 1992 edition. 

NFPA 51 B, Stat~dard for  Fire Preve~liot~ it~ Use of Cutli~g 
a~M 14/eldit~g Proce.~.ws, 1994 edition. 

NFPA 58, Slandard Jbr the Slorage (rod Hcmdli~tg of Lique- 
fied Petroleum Gases, 1995 edition. 

NFPA 70, Nc~tiotml Electrical Code, 1993 edition. 

NFPA 72, Naliottal f'ne ~4/arm Code, 1993 editi(m. 

N FPA 780, Lighhm~g Prolectim~ Code. 1992 edition. 

NFPA 1221, Standard/br lhe h~stalbthmz, Mai~fle~mt~ce, (rod 
U,w of Public Fne Service Co~nmtmicalio~ 5)'stelm, 1994 edition. 

NFPA 1961, Standard for Fhe Hose, 1992 edition. 

NFPA 1962, Sla~tdard fbr lhe Care, LLse, and Service Testi~tg 
¢![ Fire Hose h~chtdmg Coupli~ U at~d Nozzles, 1993 edition. 

NFPA 1963, Sta.iMard /or Fne Hose Conlmctiot~s, 1993 
edition. 

N FPA 1971, Standard o~ Protective Clothing for Shttctu.ral 
Fire Ftghtittg, 1991 edition. 

NFPA 1981, Sta~dard ot~ Opett-Cireu.it Self-Co~H, aitted 
Breathittg Apparahts ~ r  Fire Fighlers, 1992 edition. 

11-1.2 Other Publications. 

11-1.2.1 API Publication.  American Petroleum Institute, 
2101 L St., NW, Washington, DC 20037. 

API 620-1990, Desig~. arm CoJr~huctiotl q/ Large, Welded, 
Low-Pressure Slorage 7~mks. 

11-1.2.2 ASCE Publication. American Society of Civil 
Engineers, 345 East 47th St., New York, NY 10017. 

ASCE 7-1993, Minimum Desigtt Loads for Buildit~g~" a~d 
Other Shaetures. 

11-1.2.3 ASME Publications. American Society [by Mechan- 
ical Engineers, 345 East 47th St., New York, NY I0017. 

ASME Boiler arm Pressure l/essel Code, "Rules for the Con- 
struction of Unthed Pressured Vessels." Section VIII. 1992. 

ASME B31.3-1993, Chemical Plm~l mM Peholeum R¢~fi~le~ 3, 
PipitzE 

11-1.2.4 ASTM Publications. American Society 1or Test- 
ing and Materials, 1916 Race St., Philadelphia, PA 19103. 

ASTM A47-1990, SlaHdard Spee!flcalio~7 .fi~r Ferritie Mallea- 
ble hot~ Castin U. 

ASTM A48-1992, SpeelJi¢atiolt jbr Gray lro~ Casthzgs. 
ASTM A395-1988, Spec!fiealmn for Ferritic Duclile lro~ 

Pressure-Re/aini~lg Castings.lot Use at Elevaled Temperu/ure.~. 
ASTM A536-1984, Spec!/icatiotl.s Jbr Duclile hm, Castro U. 

11-1.2.5 ICBO Publication. International Conference of 
Building Officials, 5360 South Workman Rd., Whittier, CA 
90601. 

Umform Buihlmg Code (UBC), 1994. 

Appendix  A Explanatory Material 

776s Appendix is m~t a pad q[the requiremeut.~ o~ this NFPA do¢,umcm/ 
but ts ire'healed/br m/ormational [mrpo.~es otdy. 

A-l-2.1 See FigureA-I-2.1.  

Flow or 
pressure 
control 
(if required) 

::::': ] 
!'":~':"! Vaporizer 

. . . . . .  . . . . .  i i Metering 

............. (if required) 

I , - i ......... ; i ;co-mp ;e ~ ~ion ........ i 
I i ! system i 
I 

i [,['" i i Mixer or (if required) 

i \ ..-" i eductor 
! .....']" :: (if required) & 
....... Z - "  ._~ NFPA 59 

:v ~ ~ c-~ i~ 
:'1" ::.2: 

Overpressure protection 
(if required) 

(" Utility gas main 

LP-Gas storage 

Controls 
........... ~ as reauired 

. . . . . . . . . . . .  2 . . . . . . . . . . . .  ' 

LP-Gas 
transfer 
facilities 

Plant 
fuel 

;."'""- Metering 
".,....' (if required) 

Figure A-l-2.1 Typical installation LP-Gas air base or peaking facility LP-Gas vapor base load or enrichment facility. 
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A- l -5  It is recognized  that  no odo ran t  will be complete ly  
effective as a warn ing  agent  in all circumstances.  

It is r e c o m m e n d e d  that odorants  be qualified as to compli- 
ance with Section 1-5 by tests or  experience.  Where  qualify- 
ing is by tests, such tests should be certified by an approved  
laboratory not  associated with the odoran t  manufacturer .  
Experience has shown that ethyl mercaptan in the ratio of  
1.0 lb/10,000 gal (0.45 kg/37.8 kL) of  liquid LP-Gas has 
been recognized  as an etfective odorant .  O the r  odorants  
and quanti t ies mee t ing  the provisions of  Section 1-5 can be 
used. Research on odorants  has shown that t h iophane  (tet- 
r ahydro th iopene)  in a ratio of  at least 6.4 lb/10,000 gal 
(2.9 kg/37.8 kL) of  l iquid LP-Gas can satis~' the require-  
ments  of  Section 1-5. 

NOTE: Odorant research includes A New Look at Odonzu- 
hon Levels/or Propane Gas, BERC/R[-77-1, United States 
Energy Research and Developlnent Administration, Tech- 
nical hdbrmation Center, September, 1977. 

A-2-5.1.10 For LP-Gas fixed storage facilities of  60,000 gal 
(227 m :~) water  capacity' or  less, a c o m p e t e n t  fire safety 
analysis (see l O-l.1) could indicate that appl ied insulat ing 
coatings are quite  often the most practical solution for spe- 
cial protect ion.  

A-5-2.6 For intbrmatioll  on interchangeability of  LP-Gas-air 
mixtures with natural gas, see the AGA publications Inter- 
cha~geabihty -- 14/hal it Means, AGA Catalog No. XL0884, and 
h~lerclumgeabilily o/ Other Fuel Gases with Natural Gas, Research 
Bulletin, AGA Catalog No. X50284. 

A-6-1.1 E x p e r i e n c e  has ind ica ted  that  a ver t ical  and  
u n i m p e d e d  vent  of  high velocity hydroca rbon  gases will 
ent ra in  sufficient air" within a very short  distance so that  the 
resul tant  p lume  will be di lu ted below the lower f lammable  
limit. This  behavior  is d o c u m e n t e d  in API 521, Guide for 
Pres.~mw-Relieving and Depressu.rh~g 5),stems. This  d o c u m e n t  
was based, in part,  on a stud}' that  was commiss ioned  by 
API, " T h e  Effect of  Velocity, T e m p e r a t u r e ,  and Gas Molec- 
ular Weight  on Flammabil i ty  Limits in Wind-Blown Jets  of  
Hydroca rbon  Gases," by Battelle Memor ia l  Insti tute,  da ted  
April  1, 1970. 

These  repor ts  clearly indicate that  a vertical and unim- 
peded  .jet will be di luted below its lower f lammable  limit 
within 50 pipe d iameters  of  the issuing j e t  and that the 
effects of  "wind-t i le"  can be safely neglec ted  if a 50-it 
(15-m) horizontal clearance is provided between the j e t  and a 
source of  ignition. A high velocity je t  is def ined as a j e t  hav- 
ing an exit velocity in excess of  100 ft/sec (30.5 m/see), which 
is slightly more  than an o rde r  of  magni tude  less than the 
acoustic velocity that can be anticipated at the throat of  an 
opera t ing  relief valve. AP1 521 also indicates that a partially 
open relief vah, e will produce  a velocity sufficient to achieve 
the necessary dilution. 

Once  such a mix tu re  has been  di luted below its f lamma- 
ble limit, there  are  no known natural  forces ( including 
gravitat ional  fbrces) that will cause the reconcent ra t ion  of  
the LP-Gases so as to create  a f lammable  chmd.  T h e  appli- 
cation of  water,  e i ther  as a fl0g or  heavv stream, will not  
hasten and  can actual ly inhibi t  the d~lution o f  the j e t  
s t r eam.  I t  is r e c o m m e n d e d  tha t  this i n f o r m a t i o n  be 
inc luded in any e m e r g e n c y  p r o c e d u r e  manua l  and that the 
r e s p o n d i n g  e m e r g e n c y  services be m a d e  aware  o f  this 
informat ion.  

A-6-1.6 E x c e p t i o n  This  except ion is made  to cover  such 
a r r a n g e m e n t s  as a three-way vah, e installed u n d e r  two 
rel ief  devices, each of  which has the r equ i red  rate o f  dis- 
charge.  T h e  installation allows e i ther  of  the rel ief  valves to 
be closed but does not  allow both to be closed at the same 
time. In ano the r  a r r angemen t ,  two separate  rel ief  valves 
are  pe rmi t t ed  to be installed with individual  shutoff  valves 
if the shutoff  valve stems are  mechanical ly in te rconnec ted  
in a m a n n e r  that allows full r equ i r ed  flow fl 'om one  rel ief  
vah,e at all times. 

A-7-2.2 Former ly  ICC (Inters ta te  C o m m e r c e  Commis-  
sion). Published in Federal Code of Regulations, Title  49, 
Parts 171 - 190. In Canada,  the regulat ions of  the Canadian  
T r a n s p o r t  Commiss ion  for- Canada  apply. 

A-10-1.1 T h e  first c o n s i d e r a t i o n  in such an analysis 
should consist of  the use of  water  appl ied  by hose streams 
by the fire br igade  or  fire d e p a r t m e n t  fbr the effective 
con t ro l  o f  h a z a r d o u s  leakage  or  fire e x p o s i n g  s to rage  
tanks, cargo vehicles, or  ra i l road tank cars that  can be 
present .  

NOTE: Experience has indicated that hose stream appli- 
cation ot water in adequatc quantities as soon as possible 
after the initiation of flame contact is an effective way to 
prevent container failure fi'om fire exposure. The majority 
of large containers exposed to sufficient fire to result in 
container failure have fhiled in fi-om 10 to 30 rain at}er the 
start of the fire when water was not applied. Water in the 
fbrm of a spray also can bc used to control unignired gas 
leakage. 

Appendix B Method of Calculating Maximum 
Liquid Volume that Can Be Placed in a Container 

at any Liquid Temperature 

"l'hts Appe*ld~x ~ not a part q/'lhe reqmremenls n/this NFPA document 
bul ~,~ included jbr i~![hrmahonal proposes o*dy. 

T h e  quant i ty  of  gas that can be placed in a conta iner  is 
d e p e n d e n t  upon  the t e m p e r a t u r e  of  the liquid in the con- 
tainer  and the m a x i m u m  pe rmi t t ed  filling density, in addi-  
tion to the size of  the container .  

T h e  filling density depends  on the size of  the container ,  
whe the r  it is installed aboveg ronnd  or  u n d e r g r o u n d ,  and 
the specific gravity at 60°F (I 5.6°C) of  the LP-Gas placed in 
the container .  Filling density values for these condi t ions  
are  given in Table  2-8. Since the t e m p e r a t u r e  of  the liquid 
m the conta iner  is se ldom exactly 60°F (15.6°C), it is 
necessary to n leasure  the actual l iquid t e m p e r a t u r e  
and then obtain a correct ion factor f rom the a t tached 
table and insert  this in the tbllowing |b rmula .  T h e  average  
l iquid t e m p e r a t u r e  can be obta ined by one  of  two ways. 
One  p r o c e d u r e  is to measure  the liquid t e m p e r a t u r e  in 
the conta iner  after the conta iner  is ahnost  filled to its 
permissible liquid content .  This  is secured by insert- 
ing a t h e r m o m e t e r  into a t h e r m o m e t e r  well, installed in 
the conta iner  so as to be in the liquid. T h e  o ther  p r o c e d u r e  
can be used only if the conta iner  is essentially empty  pr ior  
to filling. In this case, the liquid t e m p e r a t u r e  is measured  
by a t h e r m o m e t e r  placed in a t h e r m o m e t e r  well or  o the r  
device installed in the filling line at a place near  the con- 
tainer.  T h e  t e m p e r a t u r e  should be read at intervals and 
averaged.  
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T a b l e  B - 1  L i q u i d  V o l u m e  C o r r e c t i o n  F a c t o r s  

Spee i f i c  Gravi t i e s  at 60°F/60°F 
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5 9 - 3 0  S'I ORAGI'2 A N D  H A N D L I N G  O1' I A Q U E F I  El) I ' E T R O I , E U M  GASES AT U T I L F I  Y (;AS I 'LANI 'S  

Knowing the filling density, the liquid specific gravity at 
60°F (15.6°C) of the p roduc t  to be placed in the container ,  
the correction factor tor the t empera tu re  of the liquid in 
the container ,  and  the con ta iner  capacity, the max inmln  
quant i ty  that can be placed in a conta iner  is de t e rmined  as 
fbllows: 

D 
V -  

G × F  

Where:  

V = max imum liquid volume (in percent  of total conta iner  
capacity) that should be placed in a conta iner  when 
the liquid t empera tu re  is T. 

D = filling density from 2-8.1 in percent.  

G = specific gravity of LP-Gas at 60°F (15.6°C) to be placed 
in container .  

F = correction factor fi~om following table tor correct ing 
liquid volume f ioln 60°F (15.6°C) to volume at tem- 
pera tu re  T. T im correct ion factor is obta ined by find- 
ing the specific gravity at 60°F (15.6°C) (G) in the col- 
unto  at the top of the table and  coming  down this 
cohmm till the actual liquid t empera tu re  T is fbund.  
The  correction factor co r r e spond ing  to this specific 
gravity and t empera tu re  is then read. In terpola t ion  is 
permit ted.  

T = t empera tu re  of liquid LP-Gas in conta iner  in degrees 
Fahrenhei t .  

After ob ta in ing  V f iom the above formula  the actual 
m a x i m u m  gal, QT, of LP-Gas that can be placed in a con- 

V conta iner  by - -  
100 

ta iner  is obtained by muhip ly ing  the water capacity of the 

Where:  

Q r  = actual gal at liquid t empera tu re  T. 

Example:  

Assume an aboveground  conta iner  with 10,000 gal 
(37.8 m :{) water capacity. 

P ropane  with a specific gravity of 0.508 at 60°F (15.6°C) 
to be placed in container .  

Fill ing density f iom 2-8.1 tbr aboveground  con ta iner  
having a capacity greater  than 1,200 gal (4.5 in '~) in which 
a p roduc t  having  a specific gravity at 60°F (15.6°C) of 0.508 
is to be placed is 45 percent.  

To  de te rmine  maxin tum quanti ty  that can be placed in 
conta iner  when the liquid t empera tu re  is 60°F (15.6°C), 

45 x 10,000 
Q~°F 0.508 x 100 - 8,860 gal 

When  liquid t empera tu re  is 82°F (27.8°C), find correc- 
tion tactor in Table  B-1 for specific gravity at 60°F (l 5.6°C) 
of 0.508 and  a liquid t e m p e r a t m e  of 82°F (27.8°C), which 
is 0.963. 

45 × 10,000 
= = 9 900 gal 

Q s f f  0.508 × 0.9(53 × 100 ' -  

A p p e n d i x  C Method  o f  Calculat ing  M a x i m u m  
V o l u m e  o f  Liquefied P e t r o l e u m  Gas that Can be 

P laced  in a Conta iner  for w h i c h  Length  o f  
F ixed  Dip Tube  is Set 

7"1,,~ dppe~dix ts ,ol a pro1 q/Ike reqmre,le,t~" q/'lk> NFI'A <l,~c,me~t 
bu! ~s im:luded.for i~7/ormat,mal proposes o~dy. 

1. It is impossible to set out in a table the length of a fixed 
dip tube for various capacity containers because of the vary- 
ing container diameters and lengths and because the con- 
tainer can be installed in either a vertical or horizontal posi- 
tion. Knowing the m a x m m m  permitted filling volume in gal, 
however, tim length of the fixed tube can he de termined by 
the use of a s t rapping table obtained f iom the container inan- 
uiacturer.  The  length of the fixed tube should be such that, 
when its lower end touches the surface of the liquid in the 
container,  the contents of the container will be the maximum 
permitted volume as de termined by the tbllowing tbrmula: 

2. Formula  fbr de t e rmin ing  m a x i m u m  volume of liq- 
uefied pe t ro leum gas for which a fixed length of clip tube 
should be set. 

\Valor Capaci ty (Gal) oi Contmncr* 
x Filling Density** IVlaximum Volume ,,t 

Specific Gravity of IA'(;* x \'olum¢ l.iqucticd l'euolcum Gas 
Correction Factor ~ × 1()() 

*Mcasured at 60°F (15.6°(:) 
**From 2-8.1, "Filling Densities." 
~'For aboveground containers, thc liquid temperature is 
assumed to be 40°F (4.4°C) and fin" undcrground containers 
the liquid temperature is assumed to bc 50°F (10°C). To 
correct the liquid volumes at these temperatures to 60°F 
(15.6°C), the thctors in 4-4.6 should be used. 

Example:  Assume a 30,000-gal total water  capacity 
conta iner  for aboveground  storage of p ropane  having a 
specific gravity of 0.510 at 60°F (15.6°C). 

30,000 x 45 1,350,0()0 
0.510 × 1.031 x 100 52.58 

1,350,000 5 675 gal propane, the maximum amount pemmt- 
52.58 - ted to'be placed in a 30,000-gal total w,tter capac- 

ilv abovcgrotmd container equipped with a fixed 
d[p robe. 

3. The  m a x i m u m  volume of liquefied pe t ro leum gas 
that can be placed in a conta iner  when de t e rmin ing  the 
length of the dip tube expressed as a percentage of total 
water conten t  of the conta iner  is calculated by tim follow- 
ing fbrmula:  

(From Formula in Par. 2 lh-cccding) × 100 Maximum Vohlmcof 
Total  w,ttcl' contcn[  i)t COllt,lincr ill g,ll Liquel icd Pc l ro leum Gas 

4. The  m a x i m u m  weight of liquefied pe t ro leum gas 
dlat  can be placed in a con ta ine r  tbr d e t e r m i n i n g  the 
length of a fixed dip tube is de t e rmined  by mul t ip ly ing the 
m a x i m u m  w)lume of liquefied pe t ro leum gas obtained by 
the fi)rmula in pa ragraph  2 preceding  by the lb of liquefied 
pe t ro leum gas in a gal at 40°F (4.4°C) tor abovegrouud  and 
at 50°F (10°C) fbr u n d e r g r o u n d  containers.  For example,  
typical lb per  gal are specified below: 

Aboveground lb/gal Underground lb/gal 

Propane  4.37 4.31 
Butane  4.97 4.92 
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Table C-1 Volume Correction Factors 

Specific 
Gravity Aboveground Underground 

0.500 1.033 1.017 
0.510 1.031 1.016 
0.520 1.029 1.015 
0.530 1.028 1.014 
0.540 1.026 1.013 
0.550 1.025 1.013 
0.560 1.024 1.012 
0.570 1.023 1.011 
0.581"/ 1.091 1.011 
0.590 1.0.90 1.010 

A p p e n d i x  D P r o c e d u r e  for Torch  Fire and H o s e  
Stream Tes t ing  o f  Th ermal  Insu lat ing  Sys tems  for 

LP-Gas Containers  

"/7u~ Appendm ~.~ nol a part o/ lh~: requnemenls o/lhis NFPA doctom, nl 
bid ts mcluded jor  mfi~rmalional pul]mses onh,. 

D-1 Performance Standard. 

D-I.1 Thermal  protection insulating systems, proposed t~)r 
use on LP-Gas containers as a means of  "Special l ' rotection" 
under  3-10.3.1, are requi red  to unde rgo  thermal  perli)r- 
mance testing as a precondit ion tor acceptance. The  intent of  
this testing procedure  is to ideutif;e insulation systems that 
retard or  prevent  the release of  the container 's  contents in a 
fire env i ronment  of  50 rain duration; a n d  that will resist a 
concurrent  hose stream of  10 rain duration.  

D-2 Reference Test Standards. 

D-2.1 T h e  testing p r o c e d u r e  descr ibed here in  was taken 
with solne modif icat ion f lom segments  of  the two [bllowing 
test s tandards:  

(a) Code  o/ F e d e r a l  R e g u l a t i o n s  - -  T i t l e  49,  P a r t  
179.105-4, " T h e r m a l  Protect ion."  

(b) NFPA 252, Standard  M e t h o &  o f  Ftre Tests o f  Door 
A.ssemldies, Chap te r  4, Section 4-3, "Hose  St ream Test ."  

D-3 Thermal Insulation Test. 

D-3.1 A torch fire e n v i r o n m e n t  shall be created in the 
fbllowing manne r :  

(a) T h e  source of  the sinmlated torch shall be a hydrocar- 
bon tirol. T h e  flame tempera ture  f iom the simulated torch 
shall be 2,200°F _+ 100°F (1200°C +_ 56°C) th roughout  the 
durat ion of  the test. Torch  velocities shall be 40 iniles per  
hour  (64 kin/h) +_ 10 miles per  hour  (16 kin/h) th roughout  
the durat ion of  the test. 

(b) An uninsula ted  square  steel pla-te with the rmal  prop-  
erties equivalent  to ASME pressure  vessel steel shall be 
used. T h e  plate d imens ions  shall be not  less than 4 ft by 
4 ft ( 1 . 9 m  x 1.2 m) by nomina l  ~/s in. (16 nlnl) thick. T h e  
plate shall be i n s t rumen ted  with not  less than 9 the rmo-  
couples to record the tl/ 'ermal response  of  the plate. T h e  
the rmocoup les  shall be a t tached to the surtace not exposed  
to the s inmlated torch and shall be d M d e d  into 9 equal  
squares with a t he rmocoup l e  placed in the center  of  each 
square.  

(c) T h e  steel-plate ho lder  shall be const ructed in such a 
m a n n e r  that  the only heat  t ransfer  to the back side of  the 
plate is by heat  conduct ion  th rough  the plate and not by: 
o ther  heat  paths. T h e  apex ot  the flame shall be directed at 
the center  of  the plate. 

(d) Before exposure  to the torch fire, none  of  the tem- 
pe ra tu re  r ecord ing  devices shall indicate a plate t empera -  
lure  in excess of  100°F (38°C) or  less than 32°F (0°C). 

(e) A m i n i n m m  of  2 the rmocoup les  shall indicate 
800°F 1427°C) in a t ime of  4.0 _+ 0.5 minutes  of  torch 
fire exposure .  

D-3.2 A thermal  insulation system shall be tested in the 
torch fire e n v i r o n m e n t  descr ibed in D-3.1 of  this section in 
the following manner :  

(a) T h e  thermal  insulat ion system shall cover  one  side 
of  a steel plate identical to that  used u n d e r  pa rag raph  
D-3.1 (b) of  this section. 

(b) T h e  back o1 the steel plate shall be ins t rumented  
with not  less than 9 the rmocoup les  placed as descr ibed in 
pa rag raph  D-3.1(b) of  this section to record  the thermal  
response  of  the steel. 

(c) Before exposure  to the torch fire, none  of  the ther- 
mocnuples  on the thernml insulat ion system steel plate 
conf igura t ion  shall indicate a plate t e m p e r a t u r e  in excess 
of  100°F 138°C) or  less than 32°F (0°C). 

(d) T h e  ent i re  outs ide surface of  the the rmal  insulation 
system shall be exposed  to the torch fire env i ronment .  

(e) A torch fire test shall be run  for a m i n i m u m  of  
50 min. T h e  thermal  insulation system shall re ta rd  the heat  
flow to the steel plates so that  none  of  the the rmocoup les  
on the uninsula ted  side of  the steel plate indicates a plate 
t e m p e r a t u r e  in excess of  800°F (427°C). 

D-4 Hose Stream Resistance Test. 

D-4.1 After 20 rain exposure  to the torch test, the test 
sample shall be hit with a hose s tream concur ren t ly  with 
tlle torch for a per iod  of  10 rain. T h e  hose s tream test shall 
be conduc ted  in the following manner :  

(a) T h e  stream shall be directed first at the middle  and 
then at all parts of  the exposed surtace, making  changes  in 
direct ion slowly. 

(b) T h e  hose s tream shall be del ivered th rough  a 21/,e-in. 
(64-ram) hose d ischarging th rough  a National S tandard  
Playpipe ot  co r r e spond ing  size equ ipped  with l k,~-in. 
(29-ram) discharge tip of  the s tandard- taper  smooth-bore  
pat tern  without  shoulder  at the orifice. T h e  water  pressure  
at the hase of  the nozzle and for the dura t ion  of  the test 
shall be 30 psi (207 kPa). [Estimated del ivery rate is 
205 gpm (776 L/rain).] 

(c) T h e  tip o[  the nozzle shall be located 20 it (6 m) from 
and on a line normal  to the center  ~,t the test specimen.  If  
impossible to be so located, the nozzle may be on a line 
deviat ing not to exceed 30 degrees  f iom the line normal  to 
the center  of  the test specimen.  When  so located, the dis- 
lance f rom the center  shall be less than 20 fl (6 m) by an 
amoun t  equal  to 1 ft (0.3 m) for each 10 degrees  of  devia- 
tion f lom the normal .  

(d) Subsequent  to the application of  the hose stream, 
the torching  shall cont inue  until any the rmocoup le  on the 
uninsula ted  side of  the steel plate indicates a plate temper-  
a ture  in excess of  800°F (427°C). 
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(el T h e  t h e r m a l  i n s u l a t i o n  s y s t e m  sha l l  be  j u d g e d  to be  
r e s i s t a n t  to t im a c t i o n  o f  t h e  h o s e  s t r e a m  if  t h e  t i m e  f i o m  
in i t i a t i on  o f  t o r c h i n g  lo r  a n y  t h e r m o c o u p l e  o n  t h e  u n i n s u -  
l a t ed  s ide  o f  t h e  s tee l  p l a t e  to r e a c h  in e x c e s s  o f  800°F  
(427°C)  is 50 ra in  o r  g r e a t e r .  

(i) O n e  (1) s u c c e s s f u l  c o m b i n a t i o n  t o r c h  f i re  a n d  h o s e  
s t r e a m  tes t  sha l l  be  r e q u i r e d  tb r  ce r t i f i c a t i on .  

A p p e n d i x  E R e l i e f  D e v i c e  S i z i n g  

Tl,  s Appen&x i.~ ~ol parl of the requirementa (!f this NFP.4 docu.me,t 
hut is mclmled rio i~![ormahmml purposes (rely. 

E-1 N o n r e f r i g e r a t e d  C o n t a i n e r s .  

E - I . 1  T a b l e  E-1 s h o u l d  be  u s e d .  

E-2 R e f r i g e r a t e d  C o n t a i n e r s .  

NOTE: T h e  safL'tv rel iefvalve capacity, in addit ion to pre-  
vent ing  excessive p ressure  in the  event  of  fire exposure .  
also protects the  conta iner  fl 'om excessive p ressure  in the 
event  the  refl ' igeration system does mlt  timer(on. 

E-2 .1  T h e  m i n i m u m  r e q u i r e d  r a t e  o f  d i s c h a r g e  in c u t i  
p e r  ra in  o f  a i r  a t  120 p e r c e n t  o f  t h e  m a x i m u m  p e r m i s s i b l e  
s t a r t - t o - d i s c h a r g e  p r e s s u r e  as s p e c i f i e d  in T a b l e  6-3  for  
sa fe ty  r e l i e f  d e v i c e s  to be  u s e d  o n  r e D i g e r a t e d  c o n t a i n e r s  
s h o u l d  be  c o m p u t e d  by  t h e  f o l l o w i n g  f o r m u l a :  

Q~ = 633,000LC FA'Se f M-ZT 

i 

W h e r e :  

Qa = m i n i m u m  r e q u i r e d  flow c a p a c i t y  o f  a i r ,  in cu  tic p e t  
ra in ,  a t  60°F  a n d  14.7 ps ia .  

F = a c o m p o s i t e  e n v i r o n m e n t a l  f ac to r ,  as t a b u l a t e d  in 
T a b l e  g-2 .  

T o  r e c e i v e  c r e d i t  t o t  r e d u c e d  h e a t  i n p u t ,  t h e  i n s u l a t i o n  
s h o u l d  r e s i s t  d i s l o d g e m e n t  by  f ire h o s e  s t r e a m s ,  s h o u l d  be  
n o n c o m b u s t i b l e ,  a n d  sha l l  n o t  d e c o m p o s e  a t  t e m p e r a t u r e s  
u p  to 1 ,500°F  (816°C) .  I f  i n s u l a t i o n  d o e s  n o t  c o m p l y  wi th  
t h e s e  c r i t e r i a ,  t h e  e n v i r o n m e n t a l  F a c t o r  F for  a b a r e  c o n -  
l a i n e r  s h o u l d  be  u s e d .  

A = to ta l  e x p o s e d  w e t t e d  surfa.ce,  in t h e  ca se  o f  s p h e r e s  o r  
s p h e r o i d s ,  to t h e  e l e v a t i o n  o f  m a x i m u m  h o r i z o n t a l  
d i a m e t e r  o f  t h e  t a n k ,  in sq  ft. 

L = l a t e n t  h e a t  o f  ga s  a t  f l o w i n g  c o n d i t i o n s  in Btu / Ib .  

C = c o n s t a n t  t o t  gas ,  w h i c h  is a t i m e r ( o n  o f  t h e  r a t io  o f  
s p e c i f i c  b e a t s  a t  s t a n d a r d  c o n d i t i o n s .  W h i l e  n o t  
s t r ic t ly  a p p l i c a b l e  to f lows a t  p r e s s u r e s  u n d e r  15 psi ,  
its u s e  will p r o d u c e  conse rw~ t i ve  r e su l t s .  

k = f (CpCv)  ( v a l u e  t o t  C is t h e n  t a k e n  f i o m  g r a p h  o f  k 
v e r s u s  C as s h o w n  in F i g u r e  E- I ) .  

Z = c o m p r e s s i b i l i t y  f a c t o r  a t  f l o w i n g  c o n d i t i o n s .  

T - a b s o l u t e  t e m p e r a t u r e  at  f l o w i n g  c o n d i t i o n s .  

IVl = m o l e c u l a r  w e i g h t  o f  gas .  

Table E-1 Min imum required rate of d i scharge  in ft 3 per min 
of  air at 120 percent  of  the m a x i m u m  permitted start-to- 
d i scharge  pressure  for safety re l ie f  devices  to be used  on 

nonrefrigerated containers  other than those constructed  in 
accordance  with U.S. Department  of Transportat ion 

specif icat ions.  

Surface Flow Surface Flow Surface Flow 
Area Rate Area Rate Area Rate 
(sq ft) CFM Air (sq ft) CFM Air (sq ft) CFM Air 

20 or 
less 626 1711 3620 600 10170 
25 751 175 37011 650 10860 
30 872 180 3790 700 1155i/ 
35 991) 185 3880 751/ 12220 
41} 1100 190 3960 800 1288(t 
45 1220 195 4050 850 13540 
50 1330 201/ 4130 900 14190 
55 1430 210 4300 ~ 950 14830 
60 1540 220 4470 1001t 15470 
65 1640 230 4630 1050 16101/ 
70 1750 241/ 4800 1100 16721/ 
75 1850 250 4961/ 115(/ 17350 
80 1950 260 5130 1200 17960 
85 205(} 270 5290 1250 18570 
90 2150 280 5450 1300 19181/ 
95 224(} 290 5610 1350 197811 

100 2340 300 5760 1400 20380 
105 2440 310 5{)20 1450 20980 
110 2530 320 6080 1500 21570 
115 2630 330 6230 1550 22160 
1211 2720 340 6390 1600 227411 
125 2810 35t) 6540 1650 23320 
130 2900 360 6690 1700 23900 
135 2990 370 6840 1750 24470 
140 308t) 380 7000 1800 25051) 
145 3170 390 7150 1850 25621) 
150 3261/ 400 7300 1900 26181"1 
155 3350 450 804/) 1950 2(}750 
160 3440 500 8760 2t1110 27311) 
165 3530 550 9479 

Table Notes: 

Surface Area - Total outside surtacu area of conlainer in sq ft. 
~,VBcIc t i le  Stll ' lace a rea  is l](}l s tanlptcd Ol1 t he  I /a l l /epl i l tc  oI" w h e v e  tile 

marking Is not leg(hie, tile area can be calculatcd by using one of the tbllow- 
mg tormulas: 

1. Cvlindrical container wilh hcmisphcrical head> 
Area - Overalllcng|h x oulsidediameter x 3.1416 

2. CMindrical container with olher than hemispherical heads 
Area (()vmalllength + 0.3 otttsMe dmmcler) x outside (hametcr 
x 3.1.t 16, 

3. Spherical container 
Area Oulsidcdkuncter squared x 3.14111 

Flow Rate-CFM Air = Required flow capaclt)' m cu It per rain of an- at 
standard conditions, (if)°F (16°C), and atmospheric pressure [14.7 psia 
(101 k Pall. 

The rate of discharge may be inlcrpolated lor intermediate values of 
SUI-t~ICe a t 'ca .  F o r  COll[aillCl'S with total outside surtacc area greater t l l t l l l  
2,00(1 "(t ti, the requu'ed [tow rate c:.m be calculated using the {brmula, Flow 
Rate-CFM All" = /;3.632 A '*'-' 

Whm e: 
A - -  tola] outside surfi~cc area o f  the cimlailner ill ~(t tit. 
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AI'PENDIX F 5 9 - 3 3  

Table  E-2 E n v i r o n m e n t a l  Factors 

E n v i r o n m e n t  Factor F 

Bare conta iner  

Insulated containers with the [bllowing typical 
conductance wflucs in Btu per hr per sq fi per 
degrees Fahrcnhcit, based on 1,600 dcgrees 
Fahrenheit temperaturc dift~rence: 

4.0 
2.0 
1.0 

1.0 

0.3 
0.15 
0.075 

Table  E-3 K Factor Chart  

Constant  Constant  Constant  
k C k C k C 

1.00 315 1.26 :143 1.52 366 
1.02 318 1.28 345 1.54 368 
1.t14 320 1.30 347 1.56 369 
1.06 322 1.32 349 1.58 371 
1 .(18 324 1.34 351 1.60 372 
1.10 327 1.36 352 1.62 374 
1.12 329 1.38 354 1.64 376 
1.14 331 1.40 356 1.66 377 
1.16 333 1.42 358 1.68 379 
1.18 335 1.44 359 1.70 380 
1.20 337 1.46 361 2.00 400 
1.22 339 1.48 363 2.20 412 
1.24 341 1.50 364 

2000 1 

1900 / 
1800 
1700 
1600 
1500 
1400 / 

~- 1300 
1200 
1100 lOOO / 
900 

~ 8oo 

0 700 
600 / 
500 
400 
300 ] Cha~ for determining value of A 0.82 L 
2 0 0 /  ] forcontainers with sudace area = A sq / 
/ 100 

0 
0 100 200 300 400 

Values of A °82  

For SI units: 1 sq. ft = 0.0929 m 2 

500 600 

Figure E-2 Chart for determining value o f A  "s2 for containers with sur- 
face area = A (sq It). 
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