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groups and/or subcommittees in the Standards
development community need underlying cohesive
technical and financial support to develop effective
standards where complex, broad, and/or long range
issues are involved. It would seem that Gas Research
Institute support for work within the American Gas
Association Laboratories would be a logical route for
research on Standards issues important to the gas

industry.

We may summarize our conclusions and
recommendations then in the following manner:

o Intriﬁsic design protection, rather than
reliance on piping codes, imnstruction ’
materials, etc. is the preferred route for
protection against intrusion by
foreign objects and for protection against
particulate contamixation originating in the
fuel supply system. With respect to
particulate protection the priority is with
controls intended for LP gas appliances, but
should be a consideration with all controls.

o Protection against contaminants, now applied by
coantrol manufacturers solely to their own
individual specifications, should be subject to
a minimum consensus standard. A control valve
should function when subject to the maximum
loading of particulate matter passing a
sediment trap component under specified inlet
test conditions, or be inherently capable of
function under the same inlet test
conditions specified for traps where the
integral nature of a specific design precludes
separate component testing.
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fundiag and management resourcaes should be
sat-up to provide appropriate technical suppors
for standards development where complex, broad
or long range issues are involved. One
specific candidate for this support should be
sctandards development in particulate control.
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4.2.3 OQdorization

LP-Gases sold for fuel purposes are required to be
odorized (NFPA #58) by the addition of a warning agent.
The historical and current requirement is that a

-"distinct odor, down to a concentration in air of not

over one-fifth the lower limit of flammability", be
detectable. In effect, then a 0.4% by volume
concentration of LP-gas in air should be detectable
(California requires detectability at 0.3%). NFPA #58
is footnoted with the caveat that "it is recognized
that no odorant will be completely effective as a
warning agent'in every circums:ance“.s A further
footnote states that "experience has shown 1.0 lbs
ethyl mercaptan per 10,000 gallons of liquid gas is
effective,. Researchl4 has shown 6.4 lbs of thiophane
per 10,000 gallons liquid propane will also satisfy the
requirement”. In actual practice o@oran: addition is
usually in excess of this minimum, with 1.2 to 1.5 lbs.
per 10,000 gallon addition typical for ethyl mercaptan.
This addition of odorant to liquid gas will yield on
the order of 15 to 20 parts per billion odorant
concentration in air at one-fifth the lower explosive
limic.

Consider the compound ethyl mercaptan, the
prinicipal odorant used with propanme. This material
has good odorant properites provided it is not in an
environment where it will be oxidized or otherwise
broken down chemically. Unfortunately it is only
moderately stable and tends to break down in the
presence of such entities as iron oxide (rust). Its
lack of stability would likely render ethyl mercaptan
unacceptable if it were not for special requirements of
two phase (vapor and liquid) systems to have an odorant

[
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with compacibile phnase squilibria charactariscics. Thae
ideal syscam, of course, would yield equal odoranc
concentrations under all delivery conditions. GEZsarl
mercaptan does not approach any ideal, but represeats a
utilitariaa compromise. A4Adsorption of the cdoraat on
contact surfaces, a phesomenon principally asscciated
with nev cylinders, tanks or pipiag (but not

.'izclusi§ely s0) can also act to'-reduce the lavel of

odorant at the point of delivery to the consumer.

Odorization of LP gas will typically cake place ac
the loading rack of the refinery or major terainal
supplier. The level of odorization zay or may aot be
verified by test. If a test is performned it may or may
not readily distinguish between effective odoranc and
ineffective breakdown products. "Certification™ (check
mark on a piece of paper) of inmizial odorizacica, act
subsequent testing is the rule as the Zuel passes
through cthe distribution chain.

Thiophane (tecrahydrothiophene) is a cryeclic
sulfide odorant valued for its resistance to oxidaciosn.
However, it lacks a good volatilicy f£it. It is also
more costly, but in cerms of effect on tocal gas salas
price the cost differential should noc be a subscancial
factor. It is believed that oaly a singlie major L2G
supplier uses chiophane.

The issue of volacility is signilicaaz. Figure
4«7 shows vapor pressuras qgurves for key odorants,
freeazing point dapreasants aad dimetchyl sulfide, a
commen breakdewn praduct and deliherate modifier.
Tertiary Butyl Mercaptan (T3M) is the principal odoerant
used in natural gas because of its good odor impact and
chemical stabilicy (resistance to oxidacion). As
commaercially produced the prisicipal odoraats are aot
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pure and therefore will have a narrow boiling range,
not a fixed boiling point. Typical distillation end
points for ethyl mercaptan, thiophane and a common 80%
. TBM odorant are 98 F, 256 F and 160 F respectively.
Even the most volatile odorant, ethyl mercaptan will
have a vapor/liquid equilbrium constant in propane on
the order of 0.2 under typical-cénditions. Thé net
effect is-lower concentration of odorant in the vapor
compared to the liquid, and‘an increasing level of
odorant in the vapor as the tank supply approaches
depletion. The lower the volatility of the odorant the
more pronounced these effects will be. The LPG
container and regulator is a simple distillation
column, The liquid LP-gas is at thermodynamic
"saturation" conditions, i.e., its boiling point for
the temperature and pressure prevailing. When a demand
for gas is_c¢reated ,the vapor draw-off upsets the
equilibrium and vapor boil-off in the container begins.
Therefore mixtures will separate according to their
vapor/liquid equilbria values. Hence the ratio of
components in the liquid and the vapor will be
different and changing continuously on drawdown. Thus,
the question of substitution of odorant for LP-gas is

not as straightforward as it might seem.

The above nofwithstanding, the accident/injury
picture clearly demonstrates a problem. Tests with new
containers have shown odorant disappearance in as

15 Older containers with internal

little as 48 hours.
rust or debris will alsoc exhibit odorant fade. This is
particularly important to consider for containers which
might be empty for a period of time with the shut-off
valve open, exposing them to atmospheric air. This
would include essentially all customer owned portable
containers, and exchange cylinders. Current visual

inspection rules require no internal inspection. Hence
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the problem is unlikely to be detected before an

accident occurs.

Assuming the odorant is "intact" as delivered at
the residence, the presence of unburned fuel may still
g0 undetected. Odorant in fugitive gas may be adsorbed

‘or reacted on contact surfaces.. This can include soil

adsorption/reaction for in-ground sourced leaks, or
adsorption on masonry walls in basements, for example.
Human factor elements such as physical distraction, the
variation in olfactory sense between individuals,
presence of masking agents, disease or age induced
degradation of the ability to smell can be important.
Absence of a'person to detect a leak before it becomes
dangerous is a consideration. y

There are obviously an array of issues dealing

with odorizationl and the overall detection issue which
we have just touched upon. Priority recommendations are
found in Section 2.0.
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5.0 Equipment Considerations

—_— 5.1 Introduction

In che forthcoming discussion we will frequently refer

3

to consensus standards which are relevant to the equipment
or activity under discussion. Figure 5-1 references many of
these codes in a pictorial arrangement of a residential
.system using an ASME stationary, aboveground tank.

- Figure 5-2 provides code references for DOT (ICC)
—_ cylinders and Figute 5-3 provides similar material for a DOT
pertable tank. )

Container spacing arrangements for residential settings
are shown in Figures 5-4, .5-5, 5-6, and 5-7 for DOT
cylinders, ASME aboveground tanks and_AgME_gndergro&ﬁd

tanks, respectively.

- LP-gas systems for residential purposes must be

- "approved" to comply with NFPA #58. This is defined as
being acceptable to the "authority having jurisdiction”.
Irrespective of who the "authority" is, the net effect is
that in most localities (but with some important exceptions)
compliance with the cades and specifications referenced is
achieved by utilizing components such as valves, regulators
and relief devices design certified or tested by a

o= nationally recognized laboratory such as Underwriters

- Laboratories (UL).

5.2 Containers & Valves (Inc. Safety-Relief)
5.2.1 Containers

Two principal classes of containers are utilized
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5
o ;
. <
B Sem— .
150 # 2007 300 # 420¢
(VERTICAL &
HORIZONTAL)

DOT STATIONARY CYLINDERS

'1‘

W

100 #
DOT {1CC)

EXCHANGE CYLINDER

CYLINOER COOES

SERVICE
CYLINDER PRESSURE
DOT CODE | CYLINDER MATERIAL CONSTRUCTION (mtig)
a——

3a Steel Seomiens 240 or 300
JAA Stoed Searniess 240 or 300
a Seand Seamiers 240 or 200
48240 Seasd 2 or 3 pe., welded 240

or braved
48A240 Alley Swel (pressribed) 2 or 3 pe., weided 20

or bresed
4BA300 Alloy Steel (prescribed) 2 or I pe., weided 300

or brazed
48W240 Stoel (prescribed) J pe. weided 240
4SW300 Steel (preseribed) 3 pe. weided 00
48200 Alumicym 2 pe. welded 280
4E300 Aluminum 2 pe. weided 300

Sifﬁﬂs’i §

coot

CODE OF FRDERAL REGULATIONS REFERENCE

SPECIFICATIONS

49CFR17236
4CFR1I78.37
49CFR17838
49CFR170.50
49CFRI7R.S1
49CFR170.81
49CFR17R.68

MAINTENANCE & USE
e ———————————

QUALIFICATION,

49CFR173.14, 24

L1Q, COMPRESSED GASES REGS
—— e e
4SCFR173.300-301, 204

Figure 5-2

DOT/ICC CYLINDER DATA
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CONSTRUCTION SPECIFICATIONS:

LIFTING LUG

DATA PLATE
DOME

OR COVER
PROTECTIVE RING

OPENINGS

SKID

Source: National Training Aids and
Compressed Gas Association

ASME CODE SECTION IX (WELDING)

FILLING: 49CFR173.315
PRESSURE RELIEF: 49CFR173.315 (Ref. CGA §-1.2)

Figure 5-3 DOT/ICC PORTABLE TANK {(DOT51)
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LP-GAS CONTAINER INSTALLATION SPACING

INTAKE TO DIHECT

S T
s E - ./mumoa mumom‘;>
= T =\
IGRITION . .a\\' ) : L I;m"-r
/ \F\ /ﬂ e W
\I/ FROM BULK TR

\ OOT CYLINDEN FILLED
UCK

OOT CYLINDERS iN
EXCHANGE SERVICE
1804 OR 100 #1

Note 1: 5 loot mwaimum betwaeen retiet veive discharge

g enternal source of ignition (e conditioner) dweet

wont of mechomcal ventsiatron system lettic fan),

Now 11 the T eylinder iy litted on i from e

IFOR St UNITS: § fr, = 0.3048 m.) m?ﬂw?&?m%mmmm .
e ot leest 10 ieet ram any externsl source ol igmtron,

oLt vent, OF MECROmEDl Yoriisnon Tysiem.

QRAM SPACE OPENING

Figure 5-4 DOT CYLINDERS

INTAKE 7O DIRECT
VENT APPLIANCE

WINDOW AlR
CONOITIONER

3 B 3/ . . . -,
|l ~s1 7 ot " .
H I 2 N E‘ . {SOUACE OF IGNITION),
SENTRAL AC A~ ~Jo. . . { - - |- % _
¢ ! MiN, 10 ~— > (.Ll'm o =
s D R )

COMPRESSO
SOURCE OF IGNITION! =
- L]
B ~ha \g;o“:.i.

NEAREST LINE OF -~
AQJOINING PROPERTY P
WHICH MAY S BUILT UPON -

-

\\/.
-

Nore 1. Reqaratens of wts ure. sny ASME tane fited
on ste muvt be located 10 that the Iidling connechion

/ and hxed haud gauge are 3t least 10 leet fram snw
external tource of igniteon (ie, open llame, wendow
¢ CONditiones, COMOrELSOr, ¢1€.), 1ntake ta drwect
venied g2 AODIANCE OF \At3he 10 § MEChIMCH ventia-
O Tystem,

(FOR SI UNITS. 1 fr. « 0.3048 m.) Source: NLPGA 305-82C
Based on text of NFPA 53

Figure 5-5 ABOVEGROUND ASME TANKS






POR St UNITE: 1 =« 02048 W)

LP-GAS CONTAINER INSTALLATION SPACING

Notw 12 The (Hling connection end vnt rom jayed
- Hvel-gougn-en-uney {00- 04 he oMt of staiisnon
1000t DO 8¢ least 10 feet frorn sy enternal sgrimen
TUIEE, GIFOET VORT BF MOl VORtISTION,

Now 3: Min ~ tor v
tstrry wheil e Metsured from the rened veive snd

ot e *RCED ThEE ne
£0rt of 30 URCSIYFOUNE CONBINGr thell DY e them
10 tent fram s ding or e ol 9 OTODertY,
Wit ey be Dudt uson.

Source: NLPGA 305-82C
Based on text of NFPA #58

Figure 5-6 UNDERGROUND ASME TANKS
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in resideatial applicacions, cyliaders Zabricaced co

DOT specification37 and tanks fabricatad to ASME 3¢iler

and Pressure Vessel Code8 raquirenencs. The DOT
Specification 51 Portable Tank (alsc ASME code
certified) is rarely found in residential applicatioas.
Table 5-1 lists common ASME and DOT coatainers of

interesc.

There sre several distinct differences betwveea DOT
(ICC before 1967) and ASME contaizers. Departmeat of
Transportation specification containers are designed to*
be transported iz the filled condition. Constructional
feacures, such as valve protection, safaty relief valve
pressurs sattings, etc. are predicated aon the
tragsportationa easvircameat., Methods of £illing aand
percentage of £fill are specifically called out in DOT
regulacions (49 CFR 173) for DOT containers.
Similarly, iaizial inspection, certificaction, and one
would particularly note that importaanc in—service
inspections are called out in Ticle 49. )

ASME Code veasels for LP-Gas are fabricated for
swo different service classificacions, §ca:ianary aad
mobile. Unless specifically sctated the discussion in
this report deals with ASME tanks for statciomary
applications. ASME Stationmary tanks, ualike DOT zanks,
are aot intsnded to be moved while loaded, and are
restrictesd to no more than 5% of their loadiag voluxze
with liquid product while being moved. TValve
protaction, mounting aad lifting accessories are not
required to be as robust as those of DOT cylinders.
Basic vessal streagth is sigilar, howevar, since the
strasses from internal pressure (vapcr pressure of LPG)
are high enough to be the coantrolliag factor.
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Table 5-1

COMMON DOT & ASME CONTAINERS

PROPANE CAPACITY | WATER CAPACITY COMMON DOT
e — — _L.r_ﬂ'.‘h.”_"‘__ﬁ
P T -

i Homese, Suiness 420 1.000 48, 4BA, 48w

Homes, Busices 200 ns 48, 484, 48W

Homes, Business 200 a7 48, 484, 48W

Homes, Dusinems 150 %7 48

Heomes, Susinem 100 238 48, 48A, 48W

Homes, Buninem [ ] 144 48 484

~ Trowar - Q00 9 a§ a®a

Trasser [ ] "ad [T 7Y

Fork Uit a3 - " aga

Ferk Lift -8 0 18 #8a

Ferk Lift x [ ] af aRa

Fork Litt a - am gma

Rec. Vehicies 40 9% 48, 484, 48W, 4F

Reu, Vehisies 2 72 48, 4BA, 48W, 4E

Ree, Vehioles =3 53 48, 48A, 43W

Ree. Vehisles, Grills 2 4 48, 484, 48W, 4¢

Ree. Vehicies & Sm. Ind. 10 a8 48, 48A, 48W, 4€

Indoors. Trailery s 12 48, 48A, 48W, 4E

iorRE 1y S ' 22 = » disposable} .-

! ' 4 3240 {refillable): "

Now: Sheded lterms enciuded from this study.

TYPICAL STATIONARY ASME TANKS

TYPE OF SERVICE

WATER CAPACITY | LP-GAS CAPACITY
* e geis.) {in gais)®
100 )
12 100
150 120
0 200
E-) 280
" 500 00
1,000 900
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Uafarctunacely tiere is noc scandardiized

.nomenclacure regarding pressure ratiags between J0T and

ASME, although ultizate design strengtis are siailar
for ASME sctactionary tanks and DOT cylinders typically
eaployed for LP service. Relief sectings aad
hydrostacic test requiremenzs are dissizilar. i 250
psig design pressure ASME tank and 240 psig service
pressure DOT cylizder are roughly equivalent iz basic

'&iéign sgrength. Howvevar, the ASME tank will have a

safecy relief setting of 250 psig and the DOT cyliader
vill have 2 safety-relief setting of 375 psig.

It should not be assumed that the lower
safscy-relief set poiant for relief of iaternal pressure
for cancaineré of similar desizn scrength rcepresents
the safer design. Ia fact, the opposite is soametixzes
trua. The ASME code is not "coammodicy drivea™, as are
the DOT specifications. For a given dasign rating the

ASME code is directad at "saving the coatainers” from

excessive internal pressure. The hazard of releasing
the contaized macerial is aoct directly counsiderad. The
designer of a pressure vessel for an iatr-iasically
dangerous, highly flammable commodicy such as LP-gas,
hovever, must have a second priority concera. That is
the prevention of the rslease of the dangerous
coamodicy.

In a previoucs section the response of LP container
relief systems as a fuzction of temperature was
graphically presented. From this it would be cogcluded
that a 250 psig ASME design container is likely =a
reach tamperatures close to summer ambienss that in
significant portions of the U.S. will likely result in
the release of gas through the safety relief systea.
Fortunately most of cthe more vulnerable tanks where
highast risks are ilavolved (mobile) are of 312.5 psig
ASME design racing. However, this is nat universally
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true. The use of 250 psig rated ASME tanks in higher
risk applications should be banned outright. On the
other hand, we see no substantial problem on a general
scale with the 250 psig rating for stationary tanks in
residential service, recognizing that there may be some
localized problem areas.

NFPA #58 has call-outs for container appurtenances
and safety device requirements for filling, withdrawal
and equalizing connections (Table 2.3.3.2 of NFPA #58)
on DOT and ASME containers. In general, back check or
excess flow valves are required to prevent uncontrolled
flow of fuel in the =vent of physical rupture or
break-off of connections to the tank. An important
exception is for withdrawal (service) valves on ASME
tanks. As an alternative, a restrictive orifice (5/16
in max.) between the container contents and the outlet
of the shut-off valve is permitted for contairners less
than 2000 gallons watar capacity. This exception opens
the door for uncontrolled releases in the event the
valve is broken off. In fact, even if an excess flow
valve is supplied, an external design is allowed,
also opening the door for uncontrolled releases with
valve break-off. The valve is vulnerable on an ASME
stationary tank since the cover strength requirements

are minimal.

The valve requirement should be changed. The
preferred requirement is a service valve with an
internal excess flow valve. An example is shown in
Figure S5-7. It is recognized that in certaina
applications excess flow valves are prone to
unacceptable levels of nuisance shut-oif. In cases
where such erratic performance could lead to excessive
economic loss or dangerous conditions, the alternative
would be to permit a restrictive orifice on a valve in
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Figure 5-7 SERVICE VALVE WITH INTERNAL EXCESS FLOW CHECK VALVE
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a position aot subject to bresk-off (such as :ie

threaded ianlac portion).
3.2.1.1 Container Inspection

Another najor differencs betweea DOT and ASME
‘containers deals with in-service. inspection
(re~qualification). DOT provides for mandatory
inspection, praviding three alternative sethods under
49CFR173 rules. NFPA #58 calls out the DOT rules and
also identifies the responsible party for
requalification of a DOT cylinder. This ctype of
claricy should be used as a model thraoughout NFPA #58.
There are no specific inspeccion requir-ementcs £3r ASME

containers in NFPA #358. Hence, spelled-cut inspections

are only required if a local or sctate jurisdiction

requires same. Few do. NFTPA #58 has a aiaimal general

clause only that could be coastrued as applicabdle for
ASME tanks. Where local or stace jurisdictions do
require in service inspection, this is ctypically
undertaken by a Natianal Boarilﬁ certified inspectzor,
There is nothing so fundamencally differexzt
betwveen ASME and DOT coacainers ia resideacial service

that one should draw no attention (unless fire damaged)

and the other have a spelled out inspection prograna.
We believe the correct route is to develop and adopt
formally a set of requiremeats for ASME canks, as well

Turning now o the quality of inspection for
requalificacion of DOT cylinders, two types of
hydrostacic tasting are spelled out as acceptable o
DQT. A third iaspection alternacive, and by far the
@es$t popular, is visual inspection == axtsrnal visual

inspection.
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All three types oif examination are predicacted on
establishing structural integrity of the pressure .
vessel., The assumption is made with respect to che
visual method that external corrosion would always
predominate over internal corrosion, given the normal
contents were LP-gas. Even given the internal exanm

. that is part of the overall hydrostatic test

procedures, light corrosion would not be cause for
rejection. Hence, none of the tests as presently
conducted protect against a condition, rust, which can
critically impair through chemical reaction the
prinicipal waraning to the consumer of leaks--the
odorant added- to LP gas.

Visual examinations can be sound or essentijially
without value. The mechanism to provide an independent
audit (not just of paperwork) to insure competence of
personnel and quality of procedures is not im place,
although the external inspection guides and procedures
themselves are. Recommendations may be found in
Section 2.0 for improving the control over inspection
procedures.
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5.2.2 DPressure Relief Valvas

NFPA 258 requires "approved™ pressures relief
devices under DQT regulations for DOT specification
containers and direct spring-locaded pressure relief

valves conforming to UL132 or equivalent for ASME
' containers. Because of variacidas ia rating methed
between UL aad ASME,. capacities have been dual stamped
on ralief valves., Historically there have been several
problems for manufacturers due to set point toleraaces,
racting differences, etc. betweeen various codes and
standards. This has been resolviag itself (e.g.,
eliminpating UG-125 et. seq. from ASME code). Valve
designs themsalves remain basically unchanged, beiag
spring~loaded poppet type.

A poppet design pressure relief valve opposes by
‘spring force the locad imposed on the valve by intarnal
pressure in-the contaiger acting on the area of the
valve which "sees"” the contants of the container. The
inerinsic design is such that when the valve begias to
open a larger presented area of the valve is exposed to
the gas in the container , creating a sudden increase
ia openiang force--"popping" the valve open. Once flow
is established, dynamic pressure from the flowing gas
is also available teadiag to keep the valve opesa.
Bence, the dynamic pressura and larger presented area .
of the valve aeans the closiag pressure will be
significantly lower than the opening prassure, therebdy
giving the safecy relief system a "blowdowa"”
characseristic. In "exercising”™ 2 relief systam the
rate-of-rise and ratez-of-lowvering in pressure can
affsct the inicial "siamer™ or start-to-discharge
point, "pop"™ point (high rate flow escablished),
"blow-down" and reseacisg prassure. Moreover
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repetitive testing will typically show a temporary
shift downward in set-point in closely spaced trials.
This shift is almost intrinsic with materials which
must be chosen for longevity and weather resistance
rather than exclusively for good hysteresis, friction
and surface compliance characteristics. There is
nothing inherently wrong with the behavioral
peculiarities described as long as they are kept in
mind. There can be a tendency to focus entirely on the
rated start-to-discharge point as indicative of
operational behavior.

Let us examine the Underwriters Laboratories
requirements regarding these performance elements as
set forth in UL 132. Table 5-2 lists the approximate
product temperatures generating a vapor pressure
sufficient to affect the start-to-discharge and re-seal

requirements per the Standard. Values are given for
ethane rich (but in specification) propane and pure
propane. In particular note the values for a standard
250 psig set-point valve on an ASME tank, versus the
same values for a DOT cylinder. A 20 plus degree
temperature shift in the one case is of little
consequence. In the lower set-point case the shift
moves from a low probability of occurrence value to a
very real probability of occurrence point. Hence our
concerns expressed earlier regarding smaller ASME
containers and the additional possibilities for
problems by air contamination. Figure 5-8 illustrates
the same information graphically with the vapor
pressure curves,

Standard UL 132 has no limits established on
popping pressures or blowdown pressures., The results
are simply recorded., It is revealing to see what these
values might be on a UL listed valve. A specific test
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Tabie 5-2

UL LISTED SAFETY-RELIEF VALVES

APPROXIMATE START-TO-DISCHARGE & RESEALING

TEMPERATURES FOR SELECTED CONDITIONS

-

250 prig NOM. 375 psig NOM,
UL STANDARD 132 G | Cz%3 C3 CzC3
START-TO-ODISCHARGE (MIN.) 128°F 112°F 375 psig 158°F 148°F
PARA. 11.1 .
START-TO-DISCHARGE (MIN.}) | (85% OF 11.1) | 112°F 100%F 148°F 138°¢
PARA. B.1 (AFTER FLOW
TEST)
RESEAL | (o0% OF 11.1) | 118°F | 108°F 153°F | 142°¢
PARA. 11.2 )
RESEAL. {80% OF 11.2) | 100° 90°F 135°F 123%F
PARA. B.2 (AFTER FLOW
TEST)

{

1

Tl

~ -

Iy

NO POP PRESSURE OR BLOWDOWN REQUIREMENTS

€4 — PURE PROPANE

C;C; ~94.5 PROPANE/S.S ETHANE
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of a valve for ULl132 paramecars produced a
start-to=-discharge prassure of 250 psig aad a ra~seal
pressure of 238 psig, i.e. ia specificacionl7. The
popping pressure wvas 265 psig and the blovdown pressure
wvas 173 psig. The lattar corresponds to a product

teaperature of 90. F for the ethace rich propane nix.

+ -We believe that UL should establish specific blowdown

limics for UL132.

Compressed Gas Association (CGA) Standards provide
the requirements for flow rates on pressure relief
systems (CGA S-1.1 for DQT cylinders and CGA S-1.2 Zer
ASME tanks). CGA pressure relieving standards have
their ultimate genesis ia John Fetterly'’'s work for the
Bureau of Explosives in the 1920’3.18 In their presentc
fora they reflect ianformation published by Cummiags in

1951.19 Unfortunacely auch of vaac was derived £from

this work vas-seriously flaved or subject to
aisincerpretaction with regard to its lini:a:ions.ze
Fortunately a particularly greviocus flaw, dealing with
the £fire exposure area on 3 tank is not as critical on
tanks of the size used for residential purposes, as iz
some other applicacioas.

From CGA S-1.2 relief f£flow zapacity for LPG
follows the foraula
Qa-GuAO’az
whers Q‘-Flow Capacity ia cubic feet per
. atautas of air
Gue33.6 for LPG
A= Qutside Surface Area of the
Concainer is square feet

Appeadix "G" coantains che derivaction of the above
capacicy equation. 4 more detailad analysis of L2G
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relief requirements may be found in Referemce 20. In
essence the capacity formula assumes a heat flux of
34,500 BTU/hr/ft%. This corresponds to a free-burning
hydrocarbon pool fire with radiant flames. Effective
flux rates in experiments including larger veselsla’zo

have been measured on the order of 25,000 BTU/hr/ftz.

There can be a tendency to become overly involved
in the validity of the 34,500 Btu/h/ftz coefficient
without realizing the full implication of the area
fractional exponent. Convenient charts of A versus
AO.BZ caa bury the significance in routine calculation.
Let us presenp’the same information in a different
manner by calculating the effective unit £lux for a
given tank.

A
q effective unit flux = H

A .....

Variation of Flux With Area

Let - ; _a
Awlfe? 34,500 Btu/h 34,500 Btu/h £t
A=120 £t 1.749 x 10% Beu/h 14,574 Bru/h £t
A=1000 £t2 9.8325x 10°% Bru/h 9,833 Bru/h £t?
A 120 £t? tank would be in the 500 gallon range.

It may be seen from this that the effective flux is
quite low, since 25,000 Beu/hr/fr? is easily realized
for an average flux over the entire area of the tank.

However the situation is not necessarily as bad as
it seems., The real test is whether enough vapor is
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excracted befors cthe unwetzad area of tiae tank fails.
Also siace only the wetzad acea (araa coataczed by
internal liguid) is effective i3 heat transfer we need
only have the pesk vapor relieviag capacity for a
limiced tine. ’

A safety valve is basically a pressure aaiataining

device, not a pressure raducing valve beyond the

limited range that we have already discussed. Figure
5«9 shows the effect of temperature on steel and
aluominium cylinders. Routine fires can generace 1500.F
:anera:urls.zs If LP is involved the temperatures in
a free buraing radiant fire can be ia the 2000.T7
rangezo, and similar temperatures caz build up iaside
buraing structures, certainly more tiez enough to cause

failure of a container.

. Iy is important that the relief valve be
commuaicating with a vaper space. Sasaller cyliaders
can be prone to overturnz, hence the relief valve aay be
in ligquid. The relief valve caa still funcziom, but
will not be effective in extracting lateat vaporization
energy from the container contsaats. ’

CGA has a test for proof-cesciang cylianders in a
fire (CGA C-l4)., The tests need not be recroactively
performed on previously approved containers. Ia other
words, current contaiaers built to specificacions
adopted befors the cylinder £ire tasc iaclusioa in
49CFR173.34 do not need to be testad. As a practical
unatter this includes nearly all curreant design DOT
¢ylinders. The tast fire, severe in the sense of total
hest flux, is distributed in a manner which does not
represent nany real case scsnarios, particularly uneven
heating with high £lux rates to the uawetted zone
liksly to occur in actual sicuacions.
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What does all this zmean? Fira expcsures to above
ground tanks, such as grass fires exposing the liquid
area pose lictle threat with present safecty relief
systams. Small cylinders (Steel) ouc of doors exposad
‘to fire will be made nearly empty by relief valve
operation, heance kave little energy for violest rupture
in most cases. Aluminsum cylinders are suspect ia many
sitvations.. Even with steel contaizers, exposure to
substantial overhead radiant heat (such as iaside a
structure) or other localized heat scurce may cause
thea te fail violently (Fig. 5«10). As a point of
iantarest, raelief valves on 20 1lb., cyliaders are
generally "oversized" (factor of 2) compared to foramula
derived values. This fact and the small surface area
negates a "formaula" problem, but not the overall hazard
iavolved if the container is in a fire.

————

Basically,.:hen, ve cannot elizinate all zajor
thraats irrespective of relief capacity foraulas. It
is suggested that containers foreseeably zo be fouand iz
a structurs, such as 20 lb. cylinders, be required to
be other than aluminum alloy (4BE specificacion) in
construction unless it can be demonstrated ia realiscic
fire scanarios to be equivaleanc to stceel alloy
cylinders. Also, a research program iato iantumescent
or ablative coatings suitable for small comntainers
should be undertaken. Macerials are already available
and in use for structural staels and larger LP vessels,
but many are not necessarily directly suitabla for
smaall, customer owned containers.

There has been a trend away from reflectize whirce
paint for customer owned containers, parcicularly 20
lb. models wich portable grills. White refleccive
paiats are effective with solar exposures ian keeping
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Photo by Armstrong

Figure 5-10 REMAINS OF 20 L8. LP CYLINDER FOLLOWING VIOLENT RUPTURE AS
THE RESULT OF FIRE EXPOSURE



internal pressures and liquid volume lower, a desirable

attribute. However, in the case of longer wavelength
radiant heating, such as from the burner box on a
barbecue, or in a fire, neither type of paint is
effective in substantially lowering heat transfer,
hence pressure rise. White, or other reflective paint
should be retained for portable- containers. gowever,
no paint is a cure for overfilling or high temperature

environments.
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5.3 Piping Systems

Prior discussion (Section 3.0) of priority hazards
indicated no stand-out differences among choices in piping
systems, fittings and connections in terms of a uanified
repetitive pattern of accidents. The exception was copper
sulfide contamination of control valves where precautions
had not beem takenm to preclude same. Otherwise copper
systems have generally desirable properties. It also may
not be practical to purchase long runs of internally lined
(e.g. tinned) tubing to prevent initial copper sulfide
formation. Hence, trapping to eliminate sediments or

condensates regardless of cause or type is desirable.

Most accidents involving piping systems were physical
damage or corrosion related, with poor installation or
maintenance practices frequently in evidence. Multiple
examples of poor installaion prfactice included improper
support or lack of physical protectio; for exposed lines,
and use of incorrect or improperly made up fittings. These
type of problems are ones where a GAS Check type inspection
program can be effective as an accident prevention tool.

Data involving appliance connectors was insufficient to
develop whether more failures with this troublesome iten
occur with LP than with natural gas. Our concern is with
ammonia contamination accelerating internally generated
corrosion with LP systems. Hence this is an item to keep in
mind for future monitoring.
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5.4 Regulators

5.4.1 Iacreoduction

Pressure reduction aad regulation of outlet gas
pressure to a constant level suitable for appliance use
is the critical function in an LP-gas delivery system.

. Pressure reduction may be accouplished in one or two

stages in prasent systenms, .zclusive of any appliancs
regulators preseat., Tigure 5-11 schematically
illustrates one and two stage systems. Figure 5-12 is
a crossectional schematic of an example final stage
regulator.

UL #144 is the priancipal Standard covering LP
regulators. JYFPA #58 also has partial coverags of
regulator requirements. Ia addition to considering a
regulator as a pressure reducing and regulatiang valve,

fTansT e eonsitered—as—ateat transfer device, just
as containers are, to uanderstaad cerctais physical
phencmana. Vaporization of LP gases regquire heat.
Heat not supplied through the container walls for
vaporization aust come from the "iaternal enerzy” of
the liquefied gas. Hence, there is a pronquaced
cooling effect as propane vaporizes, attributable to
the lateat heat of vaporizatiom of the liquid. Gaseous
phass product undergoing a pressure reduction by
throttliag will also be cooled through adiabatic and
Joule-Thompson effects of che resulcizg gas expaasion.
The greacer the reduction, the more pronocunced tiae
affecc. Beatr transfer through the ragulator aad
associated piping will tend to ra-warm this cooled gas
towvard local ambient conditions. Hence, whez a demand
for fuel from a utilization applisace existcs, we have
dynamically variable tesmperaturas chrough che systam.
These variations have performance implications.

1568
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. NFPA #58 NFPA #54 (ANSI 2223.1)
STORAGEAND <& S=>  NATIONAL FUEL GAS CODE
- HANDLING OF |
o LIQUEFIED PETROLEUM
- GASES
REGULATOR -
- USUALLY 5 TO 15 PSIG—sm _ W.Comom
. SECOND STAGE .~
e - REGULATOR®
- uJ IU TWO-STAGE REGULATION
‘_ 1 *NFPA #54 REFERENCES
. "“.‘%"Af‘% o%F NFPA 758 & UL 7144 FOR
—_— peig a SECOND STAGE REGULATOR
: 180 psig @ 100°F ON LP SYSTEMS
i

Figure 5-11 ONE & TWO-STAGE DELIVERY SYSTEM SCHEMATICS
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Source: Fisher Cantrols

Figure 5-12 PARTSOF A LP-GAS REGULATOR
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The characteristics and problems which can beset
regulation systems are generally well understood. The
approaches to dealing with them, however, are far from
the point of universal agreement. Even where there is
"agreement" in the form of certain present day desigas,
there are quantities of old equipment in the field and
"jury-rigged"” systems which elevate the risk of an

injury accident.
5.4.2 Malfunctions-Causes & Effects

- Regulator malfunctions cause incorrect delivery
pressures. The ultimate effect may be at a nuisance
level or catastrophic} The most severe effects are
usually associated with high pressures. The effects on
downstream appliance controls and.recommendations for
appropriate overpressure protection levels are found in
Section 5.4.3. Low pressures are more often associated
with nuisance outages. However, with certain burner
designs and pressure conditions, potentially dangerous

effects may also be observed.

The major types of regulator malfunctions which
can cause sudden high pressure in the delivery lines
without prior warning include: (1) foreign matter
preventing the regulator disc (seat) from sealing; (2)
breaking or sticking of the relief valve mechanism
(usually caused by corrosien); (3) blocking of the

regulator vent (as by ice).

The regulator vent must remain open so air can
pass in and out as the regulator diaphragm moves. This
vent may be a small slot, hole or a larger threaded and
screened opening. The larger opening may have a "drip
lip" around it to help prevent icing if it is installed

with the opening pointed downward. Even large,
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screened vents can freeze over quickly in a freezing
rain unless protected by a hood or equipped with 2 drip
lip which is pointed dowaward. UL #144 has provisions
for freeze protection, but regulators still in the
field often lack the features or are improperly
installed negating the protection. Screeas in larger

.openings are essential to keep out insects. If the

screens are painted over, or clogged by debris the
regulator will malfunction.

Another regulator problem that requires
replaceﬁent or repair will always be evidenced by
abnormally high outlet pressure. This is the result of
foreign matter on the regulator seat (See Fig. 5-13).
This foreign matter may originate from scale in steel
piping, allowed to rust prior to imstallation, which
may show up on new installations or when systems have
been shut off, such as in summer cabins. It may also
be evidenced after a tank exchange or maintenance
activities.

Another cause of regulator malfuntion is corrosion
of the adjusting spring and relief valve gpring (Figure
5=14). Condensation of moisture or corrosive
atmospheres can initiate corrosion of the metal parts.
Flooding or rain entry of improperly located or '
positioned regulators can also lead to corrosion. In
the case of flooding, e.g. of improperly vented
regulators on underground tanks, harmful entry of
debris, e.g. sand & dirt may also occur. To inspect
for internal corrosion in a regulator, it is generally
necessary to shut the system down so that the adjusting
screw and spring can be removed.

Other regulator problems may not occur as sudden
failures, but as gradual deterioration. These include
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SCALE, DIRT e

LEAK

Source: Fisher Contrcls

Figure 5-13 GAS LEAKAGE CAUSED BY CHIPS PREVENTING THE DISC FROM SEATING
TIGHTLY ENOUGH AGAINST THE ORIFICE

Source: Fisher Controls

Figure 5-14 PUSHER POST AND INTERNAL RELIEF VALVE ASSEMBLY (SHADED
AREA) VULNERABLE TO CORROSION AND STICKING
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external leakage and leakage through the regulator in

shut-off (lock-up) condition.

Final stage regulators are required to have an

overpressure safety device. First stage regulators, at

present, have such a device as an option. The
provisions as given in NFPA #58-19865 are as follows:

v—

2-5.8 Regulators, )

2-5.8.1 Final stage regulators (cxcluding applinnce
regulators) shall be equipped with one or both of the
following [see 3-2.5.2(b) for required protection from the
elements which may be integral with the regulator):

(a) A pressure relicf valve on the low pressure side
having a start-to-leak pressure setting within limits
specified in Table 2-5.8.1.

(b) A shutolf device that shuts the gas off at the
regulator inlet when the downstream pressure reaches the
overpressure limits specified in Table 2-5.8.1. Such a
device shall not open to permit flow of gas until it has
been manually reset.

Table 2-5.8.1

’ : Relief Valve Start-to-Leak Presure
Regulator Delivery Setting, % of Regulatar Delivery Preuure

Preuure in piig

(kPa gauge) Minimum Mazimum
1(7) or les 170% 300%
Above 1 (7), .not

over 3 (21) 140% 250%
Above 3 (21) 125% 50%

Reprinted with permissio
from MFPA 58-1986,
Standard far the Storage
and Handling of Liquefie
Petroleum Gases, Copy-
right 1986, Matimal Fir
Protectim Associatian,
Quincy, Mass 02269.

This reprinted material
is not the camplete and
official position of the
MFPA on the referenced
subject which is repre-
sented only by the Stan-
dard in its entirety.
/

The shut-off device, alone or in combination with

a "conventional" vent relief is rarely found, although
several versions are in various stages of development
and trial. An example of a typical vent relief system
may be found in Figure 5-15. Regulators with a vent
relief permit gas to flow in the outlet piping to any
connected equipment, whether or not relief operation is
acting to control excessive outlet pressure. A high

is intended to stop

pressure shut-off, once activated,

the flow of gas to any connected equipment.

It is extremely important to realize that the
start-to~discharge (STD) setting on the relief has
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little to do with limiting the downstream pressure in
the absence of sufficient capacity. Hence, a 300%
S=T-D relief on an 11 inch water column delivery
pressure regulator does not guarantee something less
than 1.2 psig overpressure. UL #144 has a capacity
formula and a caveat with regard to the intent. The
language of the latter is as follows in the August 14,
1985 version of UL #144: 24 - '
"13.3 A pressure-relief valve covered by these
requirements is intended to reduce the risk of
excessive buildup of downstream pressure resulting
from seat leakage that might occur due to a
slight imperfection at the seating area. Such a

valve does not necessarily reduce- the risk of

excessive outlet pressure resulting from complete
inability of the regulator to control the
pressure.” (Underlining supplied by author)

This statement would be made closer to the mark if

the word "necessarily" were deleted.

Presumably the concern with providing full
capacity, or large capacity relief, on larger
regulators is the legitimate fear that a large amount
of escaping gas from a regulator may become ignited.
Unfortunately, the effect of allowing limited relief
capacity is permitting a pressure build-up which will
foreseeably end up in an uncontrolled release of gas
into the home. Stated another way, you may move
potentially explosive gas from outside to right in the

living space-~-a poor altermnative.

If one agrees that you do not want overpressure to
result in an uncontrolled gas release inside the home,
and further agree that a high rate release in the back
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yard is undesirable and possibly dangerous, logic would
seem to lead us to the shut-ofif alternative. There are
undoubtedly technical pitfalls irn the appropriate
design of an effective high pressure shut-off. That
notwithstanding, the effort should be made. The most
effective rendering may well include retention of a low

.capacity vent relief to handle the "slight

imperfections™ problem. Aay major failure would result
in the high pressure shut-off coming inte play.

Without the limited relief capacity, however, nuisance
shut-offs would be bound to occur due to pressure
build-ups under "lock-up"” (no demand) conditions.

179




———— - - e

5.4.,3 Overpressure

Overpressure, as wve have nocad, has bees idencified as
a causative mechanisa iz appliance control failures leadiag
to accideats. The full exteat of the problez may be hidden
by tlie transieat nature of some occurrences leaving a
limited -evidentiary trail at a £ire scene, for example. It
is useful to review some of the agverall tachaical issues.

Nomiznal delivery pressure of LP gas to the home is
approximacely 1l inches w.c. (approximately 0.4 psig).
Appliance regulator settiag, where such regulacors are
applied, is typically 11 w.c. for LP gas. The ianclusion or
lack of an integral appliance regulacor(s) witch combination
contrals apnd wvhether or not main gas oaly or main gas and

" pilot gas regulation is supplied is eantirely dependent on

control age asd/or product-applicacion. At the preseant tize
central furnaces must have zain 3as regulation and water
heaters must have both main and pilot regulaction.
Considering the "univarse”™ of concrols ia che £ield zhe
majoricy of controls ia nacural gas service will have main
gas regulacion and the majority of LP served -controls will

act.

The cartified prassure rating for the vast majoricy of
appliance controls in the field is one-half pound per square
inch gauge (psig). This racing pressurs is of key
imporcance in consideracion of overpressure probleams.

Full cparational pressure ranges £for controls feor
certificacion teating are 8.0 to 13.0 ifaches w.c. for
Propane HD-~S5, and LP Gas. Cartification tests keyed to the
pressure rating of the control are applicable for leakage
and scructural failure. For 1/2 psig rated valves, 0.0071
standard cubic f£eet of air per hour (scfh) ac 3/4 psig
pressura for Yody leakage (with somawhat higher ratas
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permitted through the valve) would be a typical Mallowable™.
Structural testing (other than a diaphragm) would be at a
minimum 2 1/2 psig. One scfh of air at 1/2 psig would be
permitted through a vent limiter for a control certified for

propane service.

. In general, standards applicable to components of a
combination control (there being no combination control
standard), do not contemplate pressure excursions outside of

- the rating design multiple (five), irrespective of the

likelihood of occurrence., Also generally not addressed is
operational status and functions relationship as they affect
safety under pressure excursion conditions, even within

rating.

Control manufacturers can and often do have their own
criteria addressing concerns not covered in Standards
utilized for certifisation‘_bu: they.are not necessarily
addressed uniformly or well by all suppliers. In order to
address the question of "what should a coatrol take?" it is
instructive to examine what the overpressure potentials are,
and what safety elements are in place (or perhaps should be)
in the fuel supply system to limit the pressure the control
might "see" under abnormal conditions.

Considering LP gas systems, single stage regulation is
permitted in most cases. Final stage regulators are
required to have a vent relief or high pressure shut-off
under the primary consensus standard for LP gas systems (
NFPA #58). Vent capacity requirements however, under the
principal standard used for regulators (UL #144). do not
assure protection against substantial overpressure under
certain likely-to-occur conditions. LP system maximum
supply pressures are the vapor pressure of the liquefied
gas, which is a function of ambient temperature. Pressures
on the order of 200 psig are possible at 100 degrees F,
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whersas pressures on the ordar of 60 psig ac 32 degrees
zay be experiedced. Historically, =many overpressure
accidents in L? systems have occurred in freezing conditions
due to lack of proper regulator weather procecction, or
presencs of an obsolete design regulator.

Hence, 60 psig could be coansidered as a ainiazuz
beachmark for LP gas systems as a likely supply side
overpressure condition. Given overpressure supply
conditicns at this level, a capability to liai:z resultiag
utilization presssre to 2 psig may be comsidered a
reasonable target. There are curreat regulators on the
market wich this claized ralief capabilicy.

It 13 extremely important to realize that a 2 psig
emergency limit coadition valve design, and a 2 psig
"rated", i.e. at normal service conditions valve design per
curvent standards would not be, per se, egquivalent itceas. ———
The ability of the contrel to functioa ceapie:ely noraally
under 2 psig pressure condicioas would be an ideal,
tehnically feasible and accomplished in certaia coamercial
and industrial equipment. Iz the coatext of automatice .
control valves for residential equipment the capability of
reaching such a ideal, at least in the near cterm is
unlikely. However, designs which will fuaction normaliy at
1/2 psig, and limic subscaatially the poteatial for
catastrophic failure resultiag ia iajury and/or loss ia the
operacing mode at pressures up to 2 psig would appear to He
feasible aand reasonable.

It is quite clear an eaorzous amouat of coordizacion
and cooperation among standards groups and other affected
parties must occur to delineate the guidelines for
_overprassure protection throughout tle fuel distribution
traia. The question cannat be confined jusc to regulacors
or just to aucomatic control valves for appliancess. The
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general recommendations for consideration include the

following:

Revise fuel supply system codes such as NFPA #54 &
£58 to require vent relief 'system and/or
high-pressure (HP) shut-offs as appropriate to

limit pressure tao. the inlet of controls on
utilization equipment to 2 psig in the event of
regulation equipment failure. EHP shut-offs could be
integral to the appliance controls, iantegral to the
service regulator, or a separate device such as an
appropriately pressure rated appliance regulator.

Revise the principal standard for LP Gas regulators
(UL-144) to limit downstream overpressures from
final stage regulators to 2 psig considering full
capacity inlet presssures not less than 60 psig.

-
—




5.4,4 Daw ?oint Curve/Condensation Zifac:cs

During the ;g:rqduction to the saction on
regulators ve referrad to the dymamic temperacuyre
changes and two phase (liquid/gas) phenomena wich LPG

‘¢delivery systems. One of the concerns is the dew poiac

phaeanomencn and problems that may arise if LP-gas vapors
condense back o a liquid in the systenm.

The poinc at vhich coadensation is about to occur
is often called the "dew" poiat while the point at
which vaporization is about to accur is called the
"bubble™ point. For a pure component, at a2 specified
pressure the dew poiat tamperature and the bubble poiat
temperature are identical. By measuring the dew poizt
temperature at a gumber of diflerent pressure
conditions one can generate a curve which relaces devw
poiant gemperatuyre to pressure for a pare componeat,
This curve would be 2 repeatable characceristic of che
pure componencs., With two component systeas such as a
propaane and butane mix, the dew point and bubble pointc
become fuactions of composition as well as temperacura
and pressure. Furthermore the mixture will exhibit a
"boiling temperature range"” at a given pressure racher
thea a siangle boiliag temperacure. This means chat the
bubble point temperatiure and dew point temperature for
the mixture will not be the same points. Complets
liquid vapor equilibria for the propane butane syscem
wvas not reviewed. - However the bounds of poasible dew
polints are established by the dew poinc curves for the
pure components as shown in Figure 5-16.

The vapor genarated by a storage tank recently

£illed with 97.5 Propane/2.5 Butane will contain less
than 12 butane at practical operating temperatcures and
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thus we would axpect dew point behavior c¢lose to tkac
of pure propane. A3 the ligquid in the tank is
vaporized the remaining liquid becomes richer ia dutane
and thersfore produces a vapor that becomes enriched
with butane. As this happess the dew poiat curve will

‘be moving toward the right in Figure S-16. When
.consideriag the potential h;zard associated with

condensation between stages of two regulator systems
thie presence of butane increases the poteatcial for
condensation at somewvhat higher temperatures thea would
oltaia with pure propane. From a practical staadpoint
the vapor pressure temperature relationship of butane
is such that ia eavirommental condicions of concern,
that is low temperaturs, the storage taank will aot
generate auch if any butane in the vapor. 1In this case
thc'sys:ca will behave esseatially as pure propane aad
:b.'prcsenca of butane in the system vwill not
coatribute to a increased-.hazard "as compared to pure

prapane.

Alchough the prasencs of a small quaaticy of
higher boiliang minor coastitueants is a limiced conceran,
there are still consideracions vwhich zusc he made o
reduce the likelihood of liquid formation and/or safely
handlizg potantial overpressuress resulting from
re=-vaporizacion of trapped liquid.

Ia geaeral, dusl-scage regulation systams are a
superior design. In fact for permanent inscallacions
it is our recommendacicn they become required.
However, too high an incarmediace pressure ia a two
stage systam can result in condensation between stages
ia lov ambient temperature conditions. Referriag to
Figure S-16 for bropane, and the 20 psig maxiaugm
allowable by Standard for first stage regulacors,
condeansacion at =5.F could oceccur. A S psig pressure
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would depress the condensation point to below - 35.F.
Very clearly, regional set-point criteria should be
developed. Ten psig is a common ocutlet pressuras
setting for first stage regulators.

o

i A "piggy back"™ or integral case style design of

-~ dual stage regulation is potentially more susceptible

: "to the condensation phenomena unless the specific

_ arrangement provides for sufficient heat gain through

; the regulator body and perhaps inter-stage relief.
However, single stage regulation, with its heavy

(. pressure reduction is particularly susceptible to inlet

- condensation. If vater is a contaminant in the system

o it may freeze at the regulator inlet under the certain

- atmospheric conditions. With a partial blockage,

- low-pressure and improper appliance burner function may

. be the result.
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5.5 Concludianag Remarks - Csataingers & ippurtenanceas,
Valves and Regulating Equipmenc.

We have drummed on a fairly constant theme throuyghout
the text of this report regarding NFPA #58 omissioas,
inconsistencies and the like for delineating
raspcﬂsihiiiiics for accomplishiang inspection requirements
or lack of a requiremen:t altogether with certaia critical
safety iteams. Ian other areas the requiremeants of NFPA #£58
arc vell set forth. It would sppear stroagly desirable to
set up a review task force for containers, valves (inciudiag
safety-relief) and rsgulators to insure thac the following
are all adequacely'ind systematically coversd:

o Iaspections Required

BN

o Trpe
o Respoasible Parcies —- -
- o Intarval - —
o Recordkeeping .
o Quality Aadic '
- Training & Certificacion =
~ Performance Check '?
-
Details may be better suized for safety macerials of =

the type already reandered by YLPGA. However, tie broad
terms aeed the forca of the Standard. The cask group
charged with this responsibility should provide rationales
for not raquiring thac one of these provisions be covered as
well as rationmales for action.
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5.6 Outdoor Portable Cooking Appliances
5.6.1 Introduction

i We have previously indicated the priority need for

— addressing portable grill hazards, considered as a system
problem. A méjor factor in barbecue grill accidents is the
assembly of components whose designs are rootad in other use

: origins, and adaptiang them to an unsuitable use. In effect,
) this was the putting together of a number of "rights™ to
f‘ create a "wrong". We are speaking of the fuel cylinder,
t regulator and hose supply train to the appliance.
r .
I 5.6.2 Technical Discussion
L_ Figure 5-17 provides a quick reference guide to primary
= - standards covering outdoor portable cooking appliances and
§ components. The principal general Standard is ANSI Z21.58.
- A suggestion by staff support and others associated with
o Committee Z21 activities has been made to make good use of
~ the efforts of the working group om a cabinet heater
-~ standard where similar concerns existed with outdoor grills.
o This included such issues as thermal shut-offs, special

- coanectors (quick connect type), high pressure shut-off in
2: lieu of a relief vent on the regulator, etc. As of this

) writing these proposals appear to be languishing. This
EE study indicates they should be receiving priority attention.
r- A specific and repeated observation with grill

accidents was the appearance of flames near the top of the
1 cylinder. No other viable source of ignition was present
_ save a lighted grill. The precise source of the leak was
often unidentified. Where known or postulated, gas souces
-~ included leaking connections, an operating relief on the
regulator, and on occasion the safety relief valve,.
Safety-relief valve function was usually identifiable by
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AGA CERTIFICATION
ANSI Z21.58
QUTDOOR COOKING APPLIANCE

UL LISTED - UL 144
LP-GAS REGULATOR
NFPA #58

CYLINDER VALVE
UL LISTED - UL 125
(EXCEPT SAFETY RELIEF)
SAFETY RELIEF: DOT

49CFR173 (Rel. CGA S-1.1)

> UL LISTED - UL 568 FLEXIBLE
HOSE CONNECTOR

DOT SPEL. 4.SERIES AGA CERTIFIED - ANSI - 221,54
X T . oo e

: A
QUALIFICATION & REINSPECTION: 49CFR173 PORTABLE OUTDOOR APPLIANCES

QOTHER: AGA CERTIFIED - ANSI Z21-41
QUICK DISCONNECT DEVICES

Figure 5-17 PORTABLE OUTDOOR COOKING EQUIPMENT — EXAMPLE CODES &
STANDARDS
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description of the nore spectacular flame plume.

A second feature in the accident scenarias was the rare
successful inctervencion in stopping the flow of escaping
gas. Typically, regulator melt down would occur, a rapid
increase . ia fire iateasicty would ensue, aad major loss
would follow dne to ignition of exposed structures. 1In
general, property loss was high, but injury severicy
noderate. The exception involved fires ia multi-family
complexes where property loss aand injury occurrencs could
both be high.

Callectively iddrcssing this problem the following
should bde considerad:

0 Aucomatic Stop=Fill Device in Cylinder
Overfill appears to be 2 substantial-problem
with customer owvned contaizers irrespective
of end use. As shown earlier, overfill can .
lead %o uawanted gas relesases, vhich iz grill
use nearly always leads to ignition.

o Therzmally Activated Shut-0ff aear outlet

of manual shut-off valve, Fire ia vicinivy
of the cylinder valve may prevent manual
shut-off by the user (or may be an unatstended
eveat). Automatic shut-aff would prevesatc
escalation of fire eveat to major loss fronm
uncontrolled flow of gas,.

o Quick-Connect replaciag POL connection

would provide positive connecticn and automatic
shut-0ff on discoanection at a coamon leak point.

o High Pressuyre Shut-0ff on rasgulator replaciag

relief vent would prevent pressure excursioas
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from turning into a fire event.

o Excluding aluminum cylinders for their apparent
lack of fire resistance, unless appropriate
testing reveals otherwise.

We believe part of the reluctance to move on some of
these suggestions has been grounded in-:he understandable
fear of inviting new problems with less familiar or new
design gear. We are aware of past problems with stop-fill
devices in automotive applications, and secondary seal
problems on quick connect devices, for example. However, we
believe the ultimate safety payoff potential of these
features worthwhile to work through design and fabrication
start-up problems.

Another repetitive accident pattern observed was
failure of flexible hose connectors. Unfortunately much of
the.data did not permit discrimination to actual point of
failure, such as hose/connector interface, connector itself,
or specifically the hose portion. However, thermal
influence was evident in the failure mode.

UL 569 ratas hose connectors for 140.F service (no

rating marking on hose) in the absence of a request for

higher temperature certification. Radiant heat loads from a
grill burner box can create temperatures well in excess of
this value. ANSI 221.58 does not require hose connectors or
other components of the fuel train to be checked for
temperature rise, or be temperature rated and marked for the
exposure they might see. The tests for exposure level could
be incorporated easily with existing wall and floor
temperature tests routinely performed for appliance
certification. Present standards allow a floor temperature
of 160.F to be reached in 70. F ambient conditions; okay for
a floor. The implied "acceptable" temperature levels for
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components between the grill and the Zloor wizh these floor
lizics, however, could be ridiculsusly high, givea zhe laws
of thermal radiation. Therefore, specific criteria and
actual temperatures measurezent protocols need to be
developed for the fuel train components.

. The advisability of requiring high temperature
shut-offs integrated ta the connector ends should be
investigated, as well.

Regulators for portable grill use should have their own
specific requirements for coastruction. Obviously the
overall Stasmdard for the appliance (221.58) aust have the
appropriate call-cuts consiscent with a "grill regulator”.
For example, the therzal shut-off recommendation is geared
to the lov meiting point (m.p.) of che regulator, which very
likely is 2 zine alloy die casting (a.p. approex. 800.F), or
aa allumianmalioy (osp Tpproxs—ri00-Fr—vulineratie—to fire
destruction. The high pressure shuct-off recommendation for
the grill applicatioca should be considared independenzly
from the high pressure shuc-off issues with general service

regulators.

The P.0.L. Conneczion, zore formally kaown as a
Compressed Gas Association (CGA) #5100 specificacion
connection is the cylinder valve scandard coanection.

Figure 5-18 illuscratss chis coanection, shown here in ics
"hard nose” netal to-metal seat form. 4 "soft" seat fora
using an O-ring seal on the male connectzion is alse
available and utilized with portable grills. Jiccident daca
available wvas insufficient to be able to discerz whether the
'0' Riag coanection was superior for this application.
Engineering judgment would suggest thac is che case bdecause

-of the ease with which mecral male conmection sealiag

surfaces caan be damaged. The sofr seatc ?0L comnection,
then, would be the preferred al:ernacive during a ?0L
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connection phase out period. Figurs 5-19 illustrates a
¢eylinder valve with quick conmnect fittings and Zacagral

thermal safecy.

Cylinders, usually 20 1b. DOT Specification 4BA ctype
vera 1lanvolved in a number of accideat sequences where the
cylindar valve was accideatally opened. - Though ot "grill”
accidents per se, tha most freqﬁen: reason for the presencs
of the cylinder in the home eaviroament vas associated with

.8 grill., The presence of the automatic shuc-off quick

connects wvould prevent this type of accideat, although
consuners should be educated to still shut the cylinder
valve when the container is not in use. POL plugs should,
of course bde present with any POL terminazed valve. Receac
industry steps to promote POL plug availadilicy and use are
commendable and should contiaue co be emphasized.

It is useful Eu rafer again to the bar Qrapb of relief
valve opening as a function of temperature for wirious fill
conditions (Figure 5-20). The inclusion of an effective
stop~£1il]l device means that esseatially only the three bars
to the left hand side of the graph would be condicicas of
concera. In ather words, premature safecy-relief openings
can largely be avoided, provided that the radiant heat
locadings to the cylinder are controlled. This, as noted
earlier, should become part of ANSI Z21.58.

Since the critical element for premacure openizg is a
liguid £ull coadition for those tises when air contamination
is not a factor, having £illad "spare™ cylianders on ar
around a heat producing appliance should be actively
discouraged, aad banned as an appliance featurs.
Valoerability of £illad containers, particularly wich the

‘risk of overfill presaant, does aat Jjustify iacreasiag the

{injury and loss risk for coaveaieacs.
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