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l.l Tabla 3-2 
~ I GPA LIQUEFIED PETROLEUM OAS SPECIFICATIONS 
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PRODUCT CHARACTERISTICS 

PRODUCT DESIGNATION 

COMMl;RCIAL PROPANE PROPANE HD·I TEST METHODS 

Compotltlon Predomlnanlly propane 
and/or propylene 

Nol 1111 lhan 80 liquid 
wolume percent 
propene; not more than 

• I liquid volume perc■ nt 
propylene 

.. 
ASTM D-2183·77 

Vapor prttlllfl at 100 f. • PIii.lll&K. • 201• 201• ASTM D-12J7-79 

Volatile rasldue: 
t1mpa11ture 11 H'li ewapor ■ lion. deg. f. max. 

or 
butane and heawlar, liquid volPmt percent max. 
p1n11ne and hHvlar. liquld volume parcant ma,c. 

.37• 

2.6 
-

.37• 

2.1 -
ASTM O· 1837-64 

ASTM 0·2183-77 
ASTM 0·2183·77 

R11ldual metier& 
residue on evapo,atlon of 100 ml, maic. 
oil 11aln ob11rvallon 

0.06ml 
PIii C11 

0.06ml 
p111111 

.. 

ASTM D·21&8-66 
ASTM D-2168-68 

Corrosion, copper atrfp, max. No.1 No.1 ASTM 0·1838-74 

Volatile aulfu,, pain• pa, 100cu It, max. 15 10 ASTM D-2784-70 

Moisture content PIii ,... GPA Propane Dryn111 
Teat ICohal1 Bromld1t 
or 0-2113·71 

Fr ■■ water content - ' - -
Clt An 1cc1pt1bl1 product 1h1II nol ylald a p1nlst1nt oll ring wh■n 0.3 ml al 1olv1nt r11ldue ml,ct11r1 la 1d.s.d to a Ulm paperIn 0, 1 lncrtmenu 

and uamlntd Indaylight aher 2 mlnultt 11 d11crlbtd In ASTM 0-21&8. I 

l ! 
"Mitri• 1qulvalant1: 208 p,1, • 1434 kP1 gu191 70 pslg • 483 kP1 IIUIQI .31°, • ·38.3°c 36°, • 2,zOc 100°, • 37.a°Cq 

., 
! 
' 
' 
I
I 

II . 
11 I 

- i 
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~ I 

I 

' 



---

-------------- --------------

• ---- -· 

.-

I.PG/air mixcures and nacural gas/ air ~i::ures i~ t~ei: 

respective flammable ranges are ~ot nearly so far apar~. 

Also, neit~er LPG or natural gas, once ~ixed wit~ air will 

resesregate due to the inherenc diffusion characteristics of 
.....1••••• Aside ~roa specific graYity and diffusion 

characteristics, canYec:iau currents often doain&te the 

act•al transport and mi:ina beha•ior in fuel rel•••• :i 
scenar'ios. -.,j 

!gain referrin1 to Table 3-l, note that the lover Limit J 
of flumability of LPG is Less thau ~alf that of natural --
gaa. but th• energy content per cubic fo?t of LP-••• is oYer 1 
double that of natural gas. Therefore it tends to be easier -
to form a flamaable ~ixrure of LPG in air, and cbe pocencial 

descructiYe power due co accidentai ian1t1on for a given 

quantity of fuel is greater than vitb natural 1as. -.,
J 

The bottom line is that on a probabilicr basis 

flammable miztures of LP~as vich air are ~ore !!k•t1 eo J 
for2 in the Yicinity of a leak a:d remain for longer ,eriods 

of time iA lov spocs cban a comparable ~acural gai leak. 

Thia is particularly crue if Che fugitiYe gas is noc 

i:itail1 well mi:ed with a!r by turbulence. 

Propane aAd bucane vill liquefy aader ~beir own Yapor 

pressure in a closed container q:der aor~al aczospneric -I coadicioas. Meehan• will aot and is distributed solely ia 

th• ;as phase. The incrinsic tber11od7aamic ?ropercies of ....U'~••••add treaendously ta their acilicy as a fuel in 

decencralized ~iatribucioa situacioas, such as suburban or 

rural eaYironmeats. These same properties. aoveYer, aaYe 
subscancial iaplicacioas from a salety scaadpainc. ie will 

ezamiae briefly soae of cbese propercies and their 

implicacioas, us1Ag pruarily propane as the example. 

... Detailed discussions rasardina specific poi~cs ·of interesc 
follow in later cexc. 

S8 .... 
:---
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Table 3-3 presents propane vapor pressures as a 
£unction of temperature. Propane in a suitable closed .-
container, filled so that both a liquid and gas phase exist, 
will develop sufficient vapor pressure to feed a residential 
delivery system using relatively simple, passive regualtion 

·,. systems - no pumps or motors required. The container also 
acts as a heat transfer element passively extracting 
atmospheric beat to vaporize sufficient propane to meet 

household demands. provided atmospheric temperatures are 
sufficiently above the atmospheric boiling point (-44 
degrees F for propane). At a constant ambient temperature. 
pressure in the container will tend to remain constant 
regardless of percentage o: fill until the liquid phase 
disappears. Under withdrawal conditions vaporization 
cooling will cause a temperature drop in the contents of the 
container with a resultant minor drop in pressure. Also, 
minor higher boiling constituents in the commerical product 
tending t.o. concentrat.e in the liqui~ phase can cause some 
pressure drop on dtawdown. 

Given a pure gas there by definition could be no 
'- difference in a concentrations of the gas between liquid and 

gas phase. With the "real" LP product, which. consists of a 
mixture of components, there will be a concentration 
difference between liquid and vapor phases for the various 
constituents, including added odorant. The concentration 
difference will vary with temperature and extent of vapor 
drawoff that has occurred as the fuel is used. These 

variations can have safety implications and are discussed in - section 4.2.3 and 5.4.4. The liquid phase is highly 
efficient in packing a lot of energy in a small volume. 
Considering the dangers as well as the utility, however, it 
may be observed that upon release, the liquid will 
inherently be dispersed under pressure and vaporize rapidly 
to a much greater volume which is readily ignitable. A 
small container may release an enormous quantity of gas, an 
expansion ratio of approximately 273 to l. Proper operation 
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Table 3-3 
PROPANE VAPOR PRESSURES AT VARIOUS TEMPERATURES 

OF psig OF psig 

-20 10.7 55 84.6 
-15 13.6 60 92.5 
·10 16.7 65 ·100.7 
.5 20.0 70 109.3 
0 23.5 75 118.5 

5 Z7.2 80 128.1 
10 31.3- 85 138.4 
15 35.9 90 149.3 
20 ·- 40.8 ·- 95 160.3 
2S 46.2 100 172.3 

30 51.6 105 • 185.3 
35 57.3 110 197.3 
40 63.3 115 211.3 
45 69.9 120 225.3 
50 n.1 125 239.3 

,-
~-. 

NOTE: All pressures based on typical propane with a specific gravity of 1.53. 

,­

' 
Source: NT A&S, fnc. 

' 
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depends on maintaining a gas pnase in~~• conca~ner and 
insuri~g chac control de-rices downstream do not ~seew a 
liquid phase. T~is will be discussed further in Sections 
4.2 and 5.2, but ic is obvious the ~umaA elesenc ~as now 
been introdu~•d inco the equation co insure a gas phase i 
eziscs (no oTerfill). Mo equ1Taleac concern is preseac vich -
aacural gas (esclusiYe of cryogenic operacioas). :l 

-.J 

3.1 Discribu:ion Practices Relaced co Salecy -, 
J 

One may characterize the LP gas distribution chain as ., 
comprising three principal T&riacions. Some hazard elements _J 
exist in co11111oa. buc may be •m~hasized in one scheme, and 
some hazard elemea~s are cearly unique. 

Tbe domestic LPG distribution industry was essentially 
founded on the cylinder exchange distribution system. This J 
system still sarTives today. The mosc common ~mbodimenc of __ _ 

-- -- I 

·-chis system is Chae che cyliaders or canks are generally che J 
proper~7 of the primarr sapplier er dealer, filied ac che -, 

distributorship, and transported full to c~e customer in ..J 
I 

exchange for empty coacain•rs. A Tariacion of chis system 
i.J:lTolTes cha conTersion cl Che cyliaders for·Tclumecric fill 

~ 

I 
I 

and filling oa cha user premises. Classically, lOO lb. (L? 
~ 

;capacity) DOT (ICC before 1967) cylinders haTe been the 
I 
~uiAstar of this business, although other sizes are used. A 

kay co consumer risk are dealer praccices vich reg&rd co .. 
out-of-gas procedures, inspection practices, piloc relighc 
and adherence co a host of ocher good practice procedures. 
The sacoad elemaac of risk is iaherent cot~• type of sysce~. . 
used, i.e. sintl• or dual cylinder, manual or aucomacic 
ch&AgeoTar, s1n1le or dual regulacioa, and protecciom of cha 

' 
reaulacor froa cha elements,. for example. Each ouc-of-sas -
shutdown, service rescoracioa and relight sequence is an 

,· opporc~nicy for something to so wrong and caa put cne user 
.r 

ri1hc in the center of the classic "fire criangle'i.e. with 
fuel, air and a source-of-ignition. Eiscorical accident 
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patterns consistently reveal problems in this operational 

sequence. 

The second major variation in distribution practice is 

the filling. on the c:on_swaer premises of tanks, typically 250 

1allons or lar1er from a dealer "bobtail" truck. Since the 

tanks are fixed, filling is done on a ~olumetric basis 

rather than by weight. Either ASME or DOT specification 

containers may be used, however ASME tanks predominate. 

ASME stationary service tanks may be moved, however, only if 

·their contained LP volume has been reduced to no more than 

5% of their capacity. Tanks are usually, but not always 

dealer owned and leased to the user. Since tanks are 

located further f~om the home, underground piping is 

frequently employed, with resulting potential for corrosion 

and damage by digging activities. Dual stage regulation is 

the recommended practice, but is not universally employed. 

Unlike DOT contai~~rs, ASME tanks on ~esidential premises do 

not have to be recertified or requalified - ever, except in 

special circumstances or if required by a stat~-or local 

code. Such code requirements exist, but are the exception 

rather than the rule. 

The third variation in distribution is potentially very 

troublesome, the filling of customer owned portable 

containers. This is epitomized by the ubiquitous 20 pound 
,.. LP capacity cylinders seen on recreational vehicles and 

1as-fired grills all over the country. This market has been 

growing at an enormous ra~e and has given rise to the 

L 
,--

proliferation of numerous "filling" stations which are nae 

primarily LP dealers and whose personnel training may be 

indifferent. The ultimate for non-professional filling is 

the "self-serve" dispensing outlet, a development in its 

infancy at the retail level. Severe, and growing troubles 

,- are seen with the loss of control in professional training 

for filling, handling, storase and maintenance of customer 

owned gear. 

63 

--- - ~-- -- ----



_____ ,,__________________ ---- -- --- ---·-- - .. 
-------·-------

3.3 user acCiTities and Environmental :ac~ors ielaced co 

Safec:r 

3.3.l Incroduceion 
..:. 

The LP-Ga• user population is neither hoaoceneoas by 
1•01raphical location or by principal as• for vaich chey 
employ LP-Gas in a giTen area. Ic vas useful, and in face, 
iJlperatiTe ta separace ch• analysis i11co eve major -

.-.I 
1roupin1s, as vell. The first of these aroupinas considered -
per11a11enc or semi-permanent uscallacions, and_ the second -,, 
dealc vich portable/ recreational uses. Outdoor portable ...J 

cooking equipment re~eiTed particular emphasis. First ve _-, 

will address specifically the recreational use sieaaeion. I 

3.3.2 Po~cable/lecreacional Use j 

iic.11 sales ru:a!ng ·appro:daacelr c!lree (3) aillion 
1 J

units per year , po~cable -grills bave in bal! a decade 
surpassed the unit population of all the major LP-·appliances 7 
combined. !long vich other rec:eacioaal accivicies chis has 

I-
caused ch• aumber of individual c0acaiAers (vichoac regard 
co asaregace capad.e7) chac are cuscomer 0vaed co skyrockec 
pasc th• number of dealer 01111•d or coacrolled coacainers. 
In addicioa, porcabla/recreacional use represents a wider, -! 
more evenly d~s:ribaced aser bas• of persons (~aay vich -
apparently limiced knowledge of U' gas bebavior) chan is 

experienced with per:unenc inscallacioas. 

Th• esciaaced nW11ber of LP Gas fired por~able grills in 
use, e:claa1Te of cable cop units asing small DOT Style 39 ? 
cylinders is approzimaeelr eleYen (11) millioa anics, vich j 
almost seYen (7) million of chose going in service viehia 
t~• lase three years. The auaber of residential customer 
ovned containers in service. of vhich nearly 9S% are of 20 
lb. aominal propane capacity, is escizaced co be oa che 

.....
order of ei;hceen (lS) millioa unics. Over a chird of chase 
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were produced in the last three years. These estimates were 
~erived by FTA from sales and or estimated populations 
reported by NLPGA, GAMA, Recreational Vehicle Institute 
(RVI) and the Barbecue Grill Association. 

The implicatioas of this staggering growth include the 
fact that even if the accident rate, expressed as the number 
of annual accidents di~id•d by the product of the appliance 
population times number of annual uses, remains at 
historical values, the total number of accidents will jump 
dramatically. Moreover, tbe chance for an individual user 
to be injured increases with the aggregated number of uses 
over the product lifetime even if it is assumed that the 
probability of injury for any given use remains unchanged. 
Thus we would expect an induction or "lag" time whereby the 
'increase in accidents will be displaced from the time of 
appliance population increases, but will eventually follow a 
similar path. 

This delay phenomenon has been observed wieh products 
in the past, frequently catching the unwary with a serious 
problem they did not realize was pending. Given the recent 
nature of the growth in t~e portable grill market and 
concomitant growth in customer owned containers, we would 

not anticipate present ac~ident statistics to reflect the 
recent rapid growth. Considering, then, that significant 
problems already exist in this area we have serious cause 
for concern. 

Section 4.2 and S.2 of this report deal with filling 
practices and related issues. Section 5.6 develops 
additional detail with regard to special considerations 
regarding Outdoor Portable Cooking Equipment. It is 
nevertheless useful at this point to bighlight some 
representative accident scenarios regarding overfilling of 
small customer owned cylinders and to capsulize our overall 
concerns regarding portable/recreational equipment and 
outdoor portable cooking equipment specifically. 
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Small containers equipped v!:~ dip cubes aad bleeder 
valves may be filled volumetrically. Och•rvise weight fill 
masc be used~ In either case check veighiAg is supposed to 
be perforaed ~ a r1qair•••at cha: oa the basis of personal 
obaerTaCion is often ign~red. lither type cylinder is 
susceptible co overfill problems. DOTspecifications are 
predicated om aAiAsalacad coacainers noc being liquid fall -. 
ac 130 dear••• r. HaAca, iAital "outage" would be variable 

.depeadin1 on fillins tesperacara. Normal capacities and dip -
cube leaaths are iaceaded co provide some safety cushion for 
unusual variations bet~••n filling temperature aud 
ta.-peracures reached in transport or scorage. The cusaioa 
is small, however. 

-, 

IA classic accident sce~ario can be the overfilli4g of a 
20 lb. porcabl• coacaiaer, placias ic in the crank of a car 
14 a aoa-uprisht position. Wich vars-~p cbe taak_goes 

-£ 

7 
I 

l~quid full. cha safecy relief valTe op•ns at 3?' psig, 
spraying Tapori:i~g propane ripe for ignicion. ·on ics s~i• -' 

ch• relief will pass :ore cocal propane per aaic ci~e 
(liquid TS. Yapor flow) and with less cooldo~n since c~e 
Yapori:acion is external co the tank c~aa vhen the cank is 
upright. A variation of this these is che custom built 

Icaaper vicb its carefully constructed (bac non-code) i~side -haaper for the propane boccle. The boccla is !illed in cold 
veacher, placed in the var~ caaper (propane fired f~r~ace) 
with its propane refrigerator and OYen. The liquid Tolue 
increases vhea heacad and cha safety T&lTe Tencs when c~e 
boccle becomes full. Escaping propane is then ignic•d by .,one of ell• appliances and u inleruo results. T~• accideac 
record is replete with accidents where o•erfilling vas a 
certain or by far the most probable cause of injury, 

, ·properer damage or both. 

66.... 
. 

• ·-- ..- ----·----·--- ------···---------



-------------- ----------------- ----------- ·- ---

Thus far our discussion has dealt with filling 

activities incidental to actual use of a grill for example. 
There is a general pattern of mishandling, including 
improper sto~aae of cu~tomer owned containers such as in the 
aaraae or basement. Part of the problem undoubtedly stems 
from ianorance of the hazards involved. A significant 
portion of the difficultr however, is the near impossibility 
of following to the letter all of the currently supplied 

cautionary statements and still be able to use the 

•ppliance. This occurs in a host of residential settings. 
r especially condominium and apartment complexes where use or 

storage space is at a premiWll, or non-existant. Transport. 
use, and storage are all problems. 

Another common problem involves the accidental partial 
opening of a cylinder valve on a disconnected container. 
witp subsequent ignition of escaping g.a.s.. •. !he use of "POL 

' pLugs",a blind termination for· closing off the valve outlet. 
'--

is far from universal. 

Principal accident patterns specific to grill use 
dealing with gas release away from the burner were a 
potpourri of initial releases from either a regulator vent 
relief, container safety-relief valve or leaking 
connections. Some of these incidents were probably caused 
by the effect of radiant heating of the LPG cylinder and its 

r 
contents by an operating grill, coupled with an initial 
overfill condition. If the liquid fuel volume expansion 
induced by heating outpaces the -fuel volume reduction caused

'I 
'- by burner operation, relief operation may be expected in 

some circumstances. As noted in Section 2.0 tber~ was an 
overabundance of occurrences with new cylinders having just 
received their first propane fill, and older cylinders vhich 
·had gotten the first fill of the season.(In the latter cases .- it was not usually stated that the container was complet~ly 
empty before filling, but probably was). This is strongly 
suggestive of poor purge techniques. Section 4.0 follovins 
provides underlying technical relationships of fuel 
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composicioa and cemperacure impor~anc co underscandi~g c~esa 

observations and conelgsions. 

Injur7 accidents involvin1 6as releases at e~e 
burn•r(s) or ..consol• controls primarily cook place daring aa 

in~tial i1n1c1011 sequuce, as miaht b• expected. Barnar or 

control displac•••nt, fouling of ch• air supply and 
in~orrect lighting procedures vere ~osc frequentlT inTolved. 

There ver• ocher signific:anc accident patterns, as 
well. These are dealt vich 14 Section 5.6 disc:ussioas. 

The 1r;11 market creates such a strong demand for c~• 
20 lb. ~OT cylinder chat it is che 0ver~helmingl7 dom~nanc 

container in cer2s of number 14 ~••• Yearlr all are 
customer ovued. The spec:i!icaeions as originally developed 
for DOT cylinders an~ apparceaanc:es sacb as cylinder valves 

_,,,,......._;...and safecy relief valves coacamplaced ceaperacure ranges i4 

ell• cran•por~acion envt=oamenc, limited consumer incerac:ion 
for filling, storage and handl!ng, plus resc~ic;ions on 
Ullllediace source of ignicioa for an1 released gases. 
Similarly, specifications for boses, conneccors and 

regulators were developed considering different enYiroamencs 

than chose associaced vich portable grill use. 

Wichouc diminishing the role and i:porcance of 
labeling, we fear that desi;n opcions vie~ regard eo outdoor 
portable cooking equipment pr0Tidin1 more iAstri:sic safec7, 
irrespective of che competence of che user, are nae 
receiv~ng appropriate levels o~ atcancion. &umerous 
proposals originacing rithin che i~duscry, recogni:ing and 
deali4g with Che anique nacure of chis aarket, aave oeen 
made through standards bodies. There bas been ~ovemenc, bac 

. Che aoaencum appears co aave been lose, perhaps in ,arc from 
.·,. disappointment or fear of so-called "teec~ing" or 

"learning-curve~ problems of~en associated vith ~ev 
eqaipme11t items. 
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The analysis of accident patterns to date associated 

vith grill use indicate a renewed emphasis on existing, bue 

languishing proposals dealing with such 

high-temperature shut-offs, regulator, 

requi~e■ ents and cylinder construction 
-- recolllllendations formulated in this study 

different 

Standards 

appear in 

r 
L 

r 
I 

L. 

,-­
I 

f 
'-

r: 
i 
I . 
~ 

r 
' 

l. 
~ 

I. 
I 
"""' 

'--

form in some cases than those 

Subcommittee proposals. The 

Sections 2.n and S.6 of the text. 

items as connectors. 

vent relief 

is necessary. The 

take a somew~at 

of the original 

recommendations 
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3.3.3 Per=aaent/Sem1-?ermaaec: I~s:allatioas 

Residences 1a rural localities are the pri~ar7 

users of· LP-Gas •. _Aaou1 users of 1aseo11s fuels. those 
l1YiDI iA aanutaccu:ed housing (mob~l• homes) utilize 

LP-Gas iA numbers disproporcioaacaly hiaher than chair 

counterparts liviaa in homes of coaveatiaaal 
-,

caascruct1oa. There are also significianc regioaai 

differeacas ia Che extent LP-Gas is used aad what 
• 1 -

...,;. 
ucilizacioa actiTity constitutes the highest a1U1erical 
(aot necessarily volume) use. We may Yisual1ze these -; 

differences by looking at Figures 3-1 through 3-5, 
supported by cab~lar preseatatioas ia Tables 3-4 
:hroagh 3-6. 1 ao~e detailed breakdova of the -,
demographics associate~ with the residential use of !.... 
LP-Gas ~•Y ba fouad ia Appendix 3. 

The abo~e 11se characteristics are important i: 

11nders:aadiag ud aaalyziag boch c~e po:ea~ial ha:ar~s 7 
jand poesible improvemencs. For example, chis reporc 

viil .frequently compare the accideac picture with 

LP-Gas co natural gas for si:ilar circumscaaces aad 

equipment. !tis iaporcant co realize, boweYer, :~at 
Ioa• fuel is aoc aa alternatiYe to the ocher 1~ maay -
i 

~ircumstances giTen cne differences in urban/r~ral 

aYa1laoilicr. · -. 

Th• urban/rural dif.fereaces in tire proceccioa aad 
sedical services au.st also be cakea ia:o accoanc. r:"PA 
and !acional Bureau o.f Standards (NBS) studies reported 
by !FP& 9 show che rural fire loss aad death race co be .-disproportionately bigh. Heatin1 equipment fires were 

a leadias category and alsa accounted for che 

prinicipal di.f.f ereac'es ia faca.l1cy races between rural 
..,-and other localities. A comparison by beatiAg fuel 

involYed shows solid fuels, principally vood, are an 
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r OCCUPIEDHOUSING UNITS I I 

4,634,826 Uni ls UTILIZING LP FOR HEATING I 
6.64% I1··i 

NATIONALTOT AL: 

-------------------·--

10.1111 
2.43" 

A .. z~ 

43,618 
418" 
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Figure 3-4 COOKING FUEL USE OF POTTLED, TANK OR LPGAS BY STATE 
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Table 3-4. St1t1 By Stitt Anna&lD1liYfl'1ToR1sid1nti1l/Coa1trci1l~ustoaer~i LP Sui~ 1980. 
LP Gu Esti:a.t!!i 

D11ivern!Al £stiut1d lluiRI Consua:ti~ tC; 
STATE 1,000 Gil ~aaers Type,f UH imlff~ 

Aluu, 
Anzan, 

198,788 
48,.So 

m,621 
521!59 

lfOUSI 
Cact 

~ 
TZ: 

ArkiltSU 165,.;79 146,235 Ccoi 1!!: -
C.li forni• 232,420 316,870 httr ;:: 
Colarldo 172,275 57,947 hter zci1: 
Connteticut 43,,,o 73,240 Ccot 6C-O 
Dt1,..,., 'l/,'24 U,708 Coot =71 
Florid& 327,179 441,262 Haase 7:v 

I - atar9h 
Id.a.llo 

2l1,96l 
"23,314 

318,ffl 
12,355 

H11111 
C4ai: 

7:9 
15ii 

Illinois ffl,966 174,on Haus, !7!7 
I11diill& 247,310 148,267 C4ak 16;E 
IM 287,015 147,104 1taus1 t~t 

!;. 

r-
L 

~•asu 
Kentucky 
l.olisiU& 
lliiat 
11,ryhadIi DC 

153,Ul 
1S2,22h
B-4,m 
29,!91 
9,187 

84,193 
112,W 
101,43S 
89,909 

126,307 

lilNH 

Clot 
Cooi 
Coot 
Caot 

1m 
:m 
m 
J25 
ao1 

llauciv11ttJ 49,128 98,00S Coot !iii 
r 
! 

llidli9&n 
ftillllllata 
!lissuli1111i 

241,008 
216,160 
162,U9 

170,465 
135,117 
17', 926 

Cooi 
Caot 

Houff 

14o1 
l!i2..,.

,_"!' 

IUssouri 397,578 2'o,989 lfotJH 15i7 
llallta1 61,125 21,05' Hout i;o: 

-· Mtirui• 112,651 68,819 Houff 1637 
,-
! 
L~ 

~•d• 
Ntwlli1Psbin 
Nn J,n,y 

31,542 
43,421 
57,JJI 

%0,079 
:52,~4 

10S,741 

llatr 
Coot 
Caot 

1~! 
s::1 ..,.,..... 

,-
NIWll11ica 
liewfort 
llarth Cuvli.aa 

89,207 
198,788 
210,021 

50,997 
454,539 
182,799 

llihr 
took 
Caoi 

m~ 
~,,,. ·-:1,, 

lfortb ~•kch ~.m 26,006 HouSI 14£; 
Dllio 188,66h 151,SOO Coar 1::~ 
Otlillou 12',SU. 114,147 11,ter lJ;i 
On9an 42,318 23,Ho Caak 17&3 

r 
Punsylvub 
Rllodt lslad 

1S2,422. 
8,490 

300,168 
22,m 

Cook 
Caoi 

!06 
!76 

'- Sor.JI CM'oliH 111,410 UB,170 HDllll ,,s 
Soutb D1tat1 86,007 43,Hl HOIISI !971 

;- TIIIHN u,,247 7',184 Haas, 150: 

t_ 
TtHJ 
uta11 

4~,434 
25,730 

431,3.U 
12,00, 

HcllH 
li1ter 

l(la; 
::;~ - vunnt 2b,252 41\,104 Coot ~&i 

'lirqioi• 111,1~, 141,~09 Coat rC, 

-- iuftinl}tllll 4o,ni 20,479 Coale :m 
lint Yirgiail 29,191 42,848 Caci .:a• 
lfisanSiR 220,078 148,020 Coak 14H 
llyolin9 47,S4:? 15,945 Haun •:c,-·-TOTAL 6,496,on 6,203,867 !047 

AJ Sourc1 1983•84 LP-Su lluket Ficts: Nlti0111lLP-iu bsaditica 
·91 P.1Yi1111t Clnsus Units; D1t1iled Hou1in9ai,ricteristici United ;titas 19BO D•t• •oar,cteristics of Hausinq 

Suaury•, HCIO-l-91 And Sel1ctld the Kubtr ,f lloasinq Units Utilizinq Battled. Tuk; or LP icl =ar 
ltcun Heit1119Futl, Mitu He•tinq Fuel ind Ccotin9Futl Bueti onhkt114 Tht iii 9llestNuner. 

c) Div1c1Caluta I ByCalua 2 
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Table 3-5. 

Analysis o( LP Fuel Use And Population Exposed To Hazards Assoclat~d With Its Use' ' 

I, ' 

U.S. 
Total 

Persons in Occupied Units 220,796,160 
Occupied Units 80,389,673 
Occupancy Person/Unit 2.75 

r· House lleatina Fuel'. Utility Gas 42,657,625 
All Other Excluding LP 33,397,223 
1P 4,534,825 
LP As% Of Total 5.64

t-.0> Exposed Pop. 12,497,254:, !c.., 

Uaterheating •'uel[ Utility Gas 42,148,105i· 
I All Other Excluding LP 34,251,5~3

LP 3,990,045 
LP As% Of Total 4.96 
Exposed Pop. 10,975,043 

I Cooking Fuel 
\' 

' Utility 32,375,170' 
All Other Excluding L~ 42,445,157 
LP 5,569,346 
LP As %of Tot. 6.93 

' ' ' Exposed Pop. 15,331,575';I ' 
' i Derived fro111 

U.S. TOTALS 

Inside SMSA' 

Total Citv Central 

165,282,890 
60,497,589 

2.73 

64,989,230 
25,275,851 

2.57 

100,293,660 
35,221,738 

. 2.85 

35,135,754 16,309,072 18,826,682 
23,532,887 8,646,009 14,886,878
1,828,948 320,770 1,508,178 

3.02 1.27 4.28 
5,005,470 829,597 4,287,438 

35,625,185 16,855,744 18,769,441 
23,013,494 7,951,578 15,061,92)
1,858,910 468,529 1,390,381 

3.07 1.85 3.95 
5,081,684 1,206,696 3,958,197 

27,818,072 14,733,068 13,085,004
30,238,360 lb,163, 795 20,074,565 
2,441,157 378,988 2,062,169 

4.04 1.so 5.85 
6,679,107 i 977,864 5,879.622 

Total 

55,513,276 
19,892,084 

2.79 

7,521,871 
9,664,336 
2,705,887 

13.60 
7,563,821 

6,522,920 
lJ ,238,037 
2,131,135 

10.11 
5,941,838 

4,557,098 
12,206,797 
3,128,189 

15.73 
8,729,432 

OutsideSMSA' 

Far■ Non-farm 

' I 
I 

' iI I 

5,615,977 
1,820,528 

3.08 

49,891,299 
18,071,556 

2.76 
·I . 

149,634 7,372,230 
1,101,754 8,562,582 

569,140 2,136,737 
31.26 11.82 

1,746,298 5,916,641 

118,261 6,404,659 
1,278,046 9,959,991 

424,221 1,706,914 
23.30 9.45 . i 

I 

1,304,803 4,i04,255 
I 

86,497 4,470,601 
1,276,701 I0,930,096 

457,335 2.670,854 
25.12 14.78 I 

1,412,360 7,374,402 j 

·1 
I 

{ I) 1980 Census of llousins, Vol. I Characterl&llcs of lloustns Uhits, Chapter 8 Detailed Housing Characteristics, 
. I Port l United States Su•ary. IIC80-1-DI, Issued December 1983. . I 

II 

2) 1980 Census o( llouslng, Vol. I Characteristics of llouaing Units, Chapter A Ccnerol lfouatna Chorocteristlcs, Port
. I I United Stutes Su .. ory IIC80-1-AI, Issued Hay 198], \ 
i ~-S:) ,,I 
I 

, I 
I 
I 
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Distribution of Occupied Housing Units and Occupied Units Table 3-6. 
Utilizing LP For House Heating Fuel By Type of llousina Unit. 

I 

I 
:·1·iI 

I Occupied LP 
Housing Units House Heating Fuel Use :II of Cumulative 
Owner Relltal Total Owner Rental Total LPUsers % .1 

·I 

One Unit Detached 43,253,057 7,285,635 50,538,692 2,449,976 672,080 3,122,055 '• 68.85 68.85 I
5.80%• 9.22%* 6.18%* 

One Unit Attached 1,868,095 1,439,690 3,307,785 . 26,341 26,109 52,450 1.16 70.01 
1 ·.41%* 1.81%* 1.59%• 

Mobil Homes or Trailers 3,103,849 785,305 3,889,154 746,018 187,833 934,651· 20.61 90.62 
24.06%* 23.92%• 24.03%* 

Two Unit Structures 1,510,899 3,375,819 4,-886,718 40,615 77,043 117,658 2.59 93.21 
Q> 
lJI 2.69%* 2.28%* 2.41%* 

1·3 &4 Unit Structures 656,497 3,292,024 3,948,521 26,378 66,744 93,122 2.05 95.26 
4.02%* 2.03%* 2.36%* 

5 to 9 Unit Structures 406,143 3,036,221 3,442,167 21,657 54,321 75,978 1.68 96.94 

I 5.33%* 1.79%* 2.20%* 
I 

·' 10 to 19 Unit Structures 312,927 3,231,111 3,544,038 14,632 45,560 60,192 1.33 98.27 i
4.68%* 1.41%* 1.70%• I 

20 to 49 Unit Structures 273,122 2,446,337 2,719,459 7,457 30,283 37,740 0.83 99.10!1 I2.73%* 1.24%* 1.39%* 
'•

I I 
Over 50 Unit Structures 411,806 3,701,136 4,112,942 7,199 33,779 40,978 0.90 100.00LI 1.75%* 0.91%* 1.00%• I 

I t Total l &4 Unit• 50,392,397 16,178,473 66,570,870 3,290,128 1,029,809 4,319,936 95.26 I 
l and Smaller 82.61%of U.S. Units I., 

* J.PUsipg Units By type of Unit X 100 Dcriv,ld Prom: 1900 Cens•1s Of 1!011.1inc,Vol, 
Total Units Dy Type l Subfoct Reports Chapter 4 Structuol 

Characteristics Of 111e llousinn Inventory,
IIC00-3-4Issued Auo.1984. \,-~ LI 
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dispr0portionace coac:ibucor co fire death :aces. 

Elisiaacing c~is source, the :ural/aoa-rural fire death 

ratio for beating equipmeac changes c0 esseaciallr 2:l. 

a rura.l/aoa-rura~. ratio thac is roughly in-line vie~ 

ocher aajor fir• scenarios. 

ticchea/cooluag equipment i4TOlTemeac in scenarios -' 
leadia1 co seTer• burn injury qaaatitatiTelr leads th• 

lisc. Elim.aatia1 fabric i1aitioa fro ■ controlled 

flam••• aad coacrols not within the scope of this -.., 
scudy, injury occurrences related to actiTities or fire :._j 

oriaia ia che kitcliea would drop sharply. The report 

cited aboTe,·aov•••r, noted chac installation/ -
maiaceaaace problems with c0oki:g equipment, 

particularly those fueled vich Lr-~••• resulted ia 1 
...Jleaks coacribucin1 to significant casualty producing 

fires. The rural pict~re vas substantially worse Chan 

th• non-rural picture. 

MaAufactured aousina (!m) ~as a disproportionate 

fire/casualty record compared co coa•eacioaal housi~s 
9oa a historical basis. 1 ~FPA scudy shoved a -

sianilieaat reduction in fatalities and se•ericr of -
., 

Ifires 14 mobile homes coascruc:ed co Federal Scaadards 

adopted in 1976 (2~Cn280). These r9gulac10ns -l 

promulgated ~1 !ousing aad Urban OeTelopmeac (RUD) ~•r• 

ia pare based oa lfi'PA 501!, a voluneary scaadard. 

Following Federal adoption, !F?A and cbe Manulacc~red 

EousiAI Ia~cicute (Mll!),_spoasors of iFP1 5013 dropped -chis pare of cheir acciTity. Receacly, p~rc of the 

Title 2~ regulations deaiiag·v1c~ beating syscems vas 

excised from the code. !eace, a vacuum may exist w1ch 

respect co MR heating system safec7 exclusive of chac 

related to certain Uadervriters Laboratories (UL) and 

ANSI standards of somevbac different scope. 

S6 
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Ignition of wood components or other combustibles 
-· 

in the alcoves housing gas furnaces or water beaters is 

a major fir~ scenario with manufactured housing, and 

there is a definite LP-Gas bias. This is based on 

analysis of CPsc·and NFPA data. Though this study 

excluded direct consideration of appliances and 

controls, there is a relevant link due to possibie· 

supply pressure excursions. The pressure excursion 

factor is discussed more fully in Section 5.4 of the._ 
report. 

The observations and conclusions summarized in the 

succeeding paragraphs are based on an amalgamation of 

information from the various cited data resources in 

Appendix "B" and FTA's investigative experience. 

With regard to accidents in homes of conventional 

construction, the overwhelming user activity at th---------­

time of injury was an attempted pilot lighting sequence 
-' on a major appliance, usually a water heater, central 

heating furnace or boiler. Basement or cellar 

locations were the site of the most fr~quent and 

devastating occurrences. Space heating equipment. 

frequently old and installed in jurisdictions with nor: 
L codes or codes with limited safety coverage 

(predominantly in the Southeastern United States) were 

also major elements in burn injury accidents of all 

types, including pilot lighting incidents. 

The injured party in a pilot lighting sequence was 

seldom a serviceman. Usually a consumer, ~redominacely 

males, were the injured parties. The occasion for 

pilot lighting was most often routine in nature, 

typically a re-light when the fuel supply was 

replenished after complete exhaustion. Other frequent 

scenarios were pilot relighting after a period of 

87 
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•r~atic applia~c• operac!oa with relatively f:e~uenc 

outages, or at c~e elose of an ac:empcad repair or 

~aiacanance operation conducted by other than 

professional service personael. 

Factors leadin1 to control or appliance failure 

and sabseqaeAc injur1 releTaac co c.tu.s study vere fuel --
su~ply pressure excursions and par~iculate_ -
contaaiaacioa ori1i4atin1 in the fuel supply system. 

....;Ocher major sources ol fugiciYe aas which vere -subsequently iaaited vere ~••ks from fitciaas and 7 
conaeccors, irrespectiTe of location, and leaks from .J 

corroded or physically dama1ed uaderarouad pipia; ... 
seepiaa int~ ·below-grade locacioas. Proble~s vich 

fixed site containers were limited ia au:ber compared 

co other problem .scenarios cited. Principal supply 7 
.J

coacaiaer difficulties at f1%ed sice locacioas vere .,.,aoced vich DOT (!CC) cylinders &Ad thei: shuc-off I. I 
------------~•~•~l~•~•~s-~a-•-e.oc611■1-9p•r•d to ASME·scaciouar7 cank 

iAstallatioas. Frequeacly Che proble:s were believed 

ta be age and/or deliciaacies in inspection related, 

rather thaA a problem ia basic ~•s1an. -i 

O•erfill problem.s were occasioaall7 ~oced vitb 

fizad sice coacaiaers, buc vere far rarer :~an :hose I• 

ez~•rieaced vi:~ portable gear. 
.... 

Aboveground coatainer iascallatioas far outnumber 

underground iascallacions, smoc~ering the scacist~cs. 

Rovever, anecdotal ia£or2atioa sag1escs c~ac che _, 

increasingly popular uader;round iascallacion in some 
locale• asar be o•erepreseated ia problem occurrences. 

Failure co proYide adequaca procectioa trom flooding or 
damage by "outside forces" (ve~icles, coasc:uction 

accivicies, acc.) vere most ofcea cited. 
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Problems with outdoor located equipment centered 
_.,around the pressure regulation systems employed. This 

is not surprising since regulators are relatively 

complex ~•chanisms with numerous dynamic components, 

unlike much of the ~est of the supply system. 

Environmental challenges, internal in nature (fuel 

supply contamination) and external 

(weather-particularly wet, freezing conditions) were 
key elements in most accident scenarios. Section 5.4 

contains more detailed discussion regarding pressure 

regulation. 

The most _striking feature of in-the-home tragedies 

involving LP-gas,· ragardless of type of construction, 

appliance or supply system involvement was the failure 

of victims to detect the odor of the 

flammable/explosive mixture--either at all, or the 
intensity.was ~o f~int the concentration was believed 

to be non-dangerous. Clearly there is a major problem 

in this area. Section 4.2.3 discusses the ~ssue 

further . 

Two additional general observations are worthy of 

comment. First, many of the contributing factors to 

injury accidents were slow-developing or latent 

hazards. This suggests intervention in the form of 

knowledgeable in~pection and/or maintenance could be an 

effective injury prevention tool. This has obvious 

implications to the industry GAS Check program. 

The second observation is that non-professional 

installation, inspection and maintenance activities, 

whether by consumer or untrained or indifferent service 

personnel acted as order-of-magnitude multipliers for 

severe accident probability to whatever intrinsic 

hazards already existed in a given system. 
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3.4 Ea:ard ianking and ~riori:7 !ssues: Over~iew 

3.~.l Introduction 

leducad co its si.aplest ter2s ene principal ~azard with 

respect to che use of LP-Gas is uncontrolled fire or 

ezplosioa. !ccordingly, Che scraeeaies to reduce this 

hazard can follow cvo basic courses: -I -I 

o !educe ch• potential for the occurrence -of --.-
dan1•~oas leaks, and .-

o IAsure tae·detection of leaks vBich do occ~r 
iD time to take effectiTe counceraccioa or at -
lease to escape. 7 

I 

:.J 

From t~is all else follows. 7 
_J 

Dur1Ai th• course of tnis study oTer eighc7 ;road 
7catesories ot ignition sources, leak sources, and probable 

causatiTe factors vere identified from prior accident data. 

A more detailed breakdown would increase th• cate;ories 

a•o•etrically. Despi:• the larse nW11ber of factors vbicb 
constitute some measure of aa:ard coacributiag co the 

general risk of burn injury or fire loss, cttere ara a tev 

it••• vhich clearly staad ouc as priori:y isaues in cer:s of 
ha:ard reducc!on. These major, broa.d issaes are discussed 
below. ~arrow•~ issues, cheir prioric7 and possiole 
corre~:iTe aeasures follow vie~ t~• cec~nieal d~sc~ssions i: 

Sections 4.0 aAd 5.0. 
7 ..·-3.4.2 Hazard tanking & Priority Issues 

The 1reacast single impacc chat could be made in 
reducing tAe ha:ard of LP-Gas use in cha residential 
enTiro!lllenc, wicn supply syscems already in place and 
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consumer behavior patterns essentially unmodified, would be 
-· to insure timely and effective detection of gas leaks. 

Therefore we consider this the number one priority item for 
attention. 

r It is important that it be recognized that gas 
odarization is only part of this issue, not the whole issue. 
It is likely that supplemental means of detection to the 
human olfactory senses, e.g. electronic detectors, may 
become technically and economically feasible for certain 
applications. An example application would be placement ofr 
detectors invulnerable, but frequently unattended locations 
such as basements with fuel burning appliances. 

There is an odorization problem. In many cases it can 
be reasonably determined that the gas ~as initially 

'--' odorized, and that the victims did not smell a high 
concentration of gas. Many vie tims had ai:r·apparently 
unimpaired sense of smel'l and were unlikely to be-lying 
about the matter. In other words, the odor "faded" 
somewhere in the distribution chain. The so-called "faden 
phenomenon and a host of technical and human factors issues.-
relating to odorant detectability have been ·studied in the 
past. The LP industry is presently considering sponsoring 
additional research. We are supportive of this effort. 
However, we •~e also concerned with the situation as it 

r exists and is likely t~ exist for a significant time into
' 

the future. 

The requirements in NFPA #58 regarding odorant 
detectability and suggested levels of odorizing are a 
microcosm of a more pervasive deficiency in NFPA #58, 
whether it be in "mandatory" or "recommended" provisions. 

_The deficiency is the frequent absence of any clear 
assignment or protocol for whom is responsible for meeting a 

stated requirement, ho~ is it to be carried out, who and how 
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is i: co ~e Yeri!ied c~ac c~e provisions are mec, eYen 

scaced i~ very broad cer:s. 

!n the odorizac!on case c~e absence of deli~eacion and 

fixiAg of responsibility :ar ~ean the oaly check i~ 

literally a check mar~ oa a sheet of paper prepared ac the 

loadiac rack ac che begi~nina of a torcaoas trail of 

shippina, coaminglia1 of 1ases, scoras•, ecc. chroash 2anr 
hands co che aser. Thi~ lack of requirements for moaicoring 

or verificacioa of a key safety element occurs despite che 

fact that odoraac macarials with known scabilicy problems in 

environaents likely co be seen in the distribution chain are 

acili.zed. 

Similar examples can be ciced viC'h regard co inspecc!on 

requirements for certaia containers and.appurcenaaces 

critical to safety. A specialer case is the conversion of 

100 lb. DOT cylinders to on-site volumec:ic filling. 

t-lit.lioac co~sideria·a the visdom of filling operaci011s ac 11ear 
zero separation cliscaaces f:om an· occapied scru~cure, cbe 

iAcerprecation bas been made tAac the DOT rules oa 

filliAS/YerifT14g by weight do not apply becaase the 

cylinder is ao loager "in transporcacioaw. ~Some apparently 

bave extended chac incerprecacioa co ~ean DOTc7-linder 

1nspeccioa rules no longer apply as well. !a mosc locales 

that is caacacoanc co elimiaacina inspeccioa all-tosecher. 

Similarly, protocols for veri!icatioa of inspecc!on by 

qualified personnel of customer ov~ed c7linders are 
weak-and che story coald go on. 

T~e ne:c overall major impact item oa redaciag the 

!.l'-sas mse hazard in the residential 1avir01Uteac, and th• 
earliest likely co produce aa beneficial effect, is 

considered co be the viaorous pursuit on the broadest level 
of parcicipacioa in the iadascry spoasored GAS r.heck 

program. The ~acioaal U'-Gas !ssoc1at1oa and che Gas 
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Appliance Manufacturers Association should be commended in 

this effort. The priority issue here is to insure that the 

program does not falter in either depth of breadth of 

participation. As a participating member aptly put it, the 

problem (of NLPGA) is now largely one "of preaching to the 

converted". Active participants in Association affairs have 

already been reached and convinced. How does one reach the 

signiricant remainder? It would appear that some 
justifiable discrimination by insurance carriers might be an 

effective approach in bringing clients up to minimum 

standards with respect to custom and practice. 

Additional suggestions involving possible participation by 

CPSC, State regulatory author~ties, and wholesale LP-gas 

suppliers to encourage participation were described in 

Section 2.3. 

A currently significant problem and a potentially major 

problem in the making--therefore needing priority 

attention--revolves around customer owned containers and 

their principal use, self-contained outdoor portable cooking 

equipment. Engineering analysis and accident studies 

suggest the ker. hazard elements in approximat~ order of the 

risk they pose in terms of frequency and severity are: 

.. 1) Overfilling of containers
'._ 

2) Improper transport/storage/maintenance of 

containers and fittings, and 

3) unsuitable component design to prevent minor 

operational upsets fro~ escalating to major 

-I fires. 

A series of recommendations regarding Outdoor Portable 

Cooking Equipment may be found in Section S.6. 

A final general priority issue, which is in reality a 

combination of lesser issues, deals with regulation sys~ems 
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aAd che prevencioa of downstream over~r•ssure in parcicular. 
Secciou S.4 deals vich the !ndividual issues iavolved. 

3.4.3 Razard Rankins by LP-Gas System Employed 

lm earlier cable (Table 3-5) proTided aa analysis of LP 
use by aajor class of uc~lizacioa equipment. The nezposed -. 
populacioa" cumbers shovu vere che produce of occupied 
bousins aaics by •••rage nwaber of persoas per occupancy 
ti••• ch• perceacaa• of occupancies using LP-sas. T~• 
resulting potential w•zposed popalacioan figures are aoc 
additi•• since appliances in each category =•r be present in 
a single occupancy~- The 1980 appliance population of 
ranges. househeacing. equipment and vateraeaciag equi~menc 
aaaregaced co approzi~acely 14 mi!lioa units. This total 
vould be slightly higher in '1986. !moag scacioaary 
appliances the "mix" i.e. use of multiple appliances ia a 
s111ale oec:cipaucJ slgu.l:!J.:c:auclr affects t~e t-y-pe· of t..P 

distribution equipmenc used. ?%change cyli~ders and 
predomiaaace of single scage rtgulati0a vill often be found 
in area• vich light ducy loads such as cooking. When 
central space aea~ing is involTed the use of 

•. 
sca:ionary 

tanks vill predominate. LP-gas utili:acion has a strong 
regional oias. These !actors mad• it necessary co oe 
careful in iacerprecing data vhich ~•Yo• unoiased in ter~s 
of demoaraphics but may be biased due co c~e distinctly .,
noa-unilora distribution paccerus by specific fuel as•, 
cypes of supply aad acili:ation equi?menc ecployed. These 
can correlate poorly vich general populac~oa discri~atioa. 

-
hclusiYe of portable outdoor c0okiAg equipment and 

recreational Yehicle (RV) use, an approzi=ace ranking of LP 
syscess by hazard presented ca the residential user ~•T ~• 

.described as follows. 
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Systems using an above ground stationary tank, filled 
on site by a primary LP distributor supplying gas to a ., 
single family residence of conventional construction through 
a two-stage regulation system, with the service entry and 
using appliances above-grade, represents the system with the 
least risk to the residential consumer. 

At the other end of the spectrum, a single cylinder 
(exchange or user owned) filled off-site by a secondary 
distributor, supplying gas through a single stage regulator 

-I to a manufactured (mobile) home appears to represent the 
I • 

!_ highest risk setting. Another high risk arrangement 
involves the previ~usly described supply system serving 
below grade appliances in homes of conventional 
construction. If the below grade appliance installation is 
in a semi-finished, unheated or poorly heated area, e.g. 
"Michigan" cellar, the risk is increased, regardless of 

I supply system type. Bel4w grade entry of the service line 
-L increases the risk with any construction. 

Hazard level jumps very sharply with user or "handyman" 
intervention to hook-up, modify or repair the supply system 
or utilization equipment. 

Between the extremes of risk one may not statistically 
prove the precise order of hazard presented by particular 

supply arrangements; however, a reasonable determination can 
be made from observed accident patterns and engineering 

evaluation. Table 3-7 provides a generalized evaluation 
providins approximate rankings for comm.on (and some atypical 
but accident prone) arrangements found in the field. 

Briefly, for those unfamiliar with LP-Gas supply systems 
_arrangements, we will provide short, simplified descriptions 
to assist in following Table 3-7. 
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!SME scac10nar7 c0ata1~ers of abo?e and underground cype 
are t7picall7 used with lar3er loads, such as- ceac:al 
aeacing applications. 3elov ground contai~ers bave a rigid 
protective sleeve providing aboveground access co the tank 
ficciass. le9ulacors qa uader1rouad tanks aeed co cave 
special vent line procecti~a froa floodin1. Wacer or debris 
encry iAco the reaulacor ?ia ch• veac can cause 
over-pressure probleas. All regulators installed outdoors 
require weather protection, either separate or as pare of 
intriasic desian. Tank construction a:d regulator 

·protection are discussed ia Section 5.2 and S.4 -.... 
·,.. ......'' ~ 

DOT cylinder iascallacioas for iacersediace and lov 
demand requirements serviced by professional LP-Gas 
distributors are typically cvin cylinder systems. One tank 
serves as the accive supply and the second tank is a reserve 

-, 

_.I 
supply.• When the supply fro ■ one tank is exhausted the 
sr~cem is "chaagad-over" to che reserve cank. The -, 

I 
I 

_jchaaaeover cu be accomplishd aucoaaei~ally or =anuall7. 
1ucomat1c changeover syscams bave the virtue of -being a =ore J. -' 
reliable supply from uninterrupted service and stable 
pressure level scandpoi:cs. 

-r 

The eer• "tvo-sca1e" regulation means chat the pressure -..
reduction from coacaiaer pressure co ucilizac1oa pressure is : 

accomplished ia cvo discrete seeps, or stages. This aec~od .... 
of regulacioa tends co provide ~ore stable ouclec presures 
under varying supplr pressure and ucili%atioa demand -
conditions. Tvo seas• re1ulati0a in a tvin cylinder 
aucomaeic changeover syscea can be accomplished in aa 
ineaaral housing or with separaca regulators. Tvo-•caae 
resulacioa a,plied co systems supplied by ASME tanks may be 
close-coupled ("pi111back" scyle) units mounted ac the tank, 
or cha first scage regulator aar be aouncad ac the tank aad 
the final seas• regulator located at the service entrance to 
the residence. The latter design is preferred for longer 
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service runs in particular, since the higher intermediate 

pressure (typically 10 to 15 psig) allows smaller service 

line piping to be used without excessive pressure drop. 

Discussion of pressure regulation and dewpoint effects in 

multi-stage systems may be found in Section 5.4. 

Spri~g loaded, residential pressure regulators have 

communication from t·he diaphragm case to the atmosphere for 

proper operation. This vent outlet may also be utilized as 

the external discharge port for an internal relief. All 

final stage regulators are required by current standards to 

have a relief or high pressure shut-off system, and 

first-stage regulators May have a relief system. At the 

present time the vent relief option is virtually universal. 

The relief is intended to operate when excessive outlet 

pressures occur. The relief discharge capability, hence 

ability to limit excessive downstream pressure under various 

failure conditions, varies ·from one reg~lat~J:: design to 

another. Typically, both "Standard" and "Full Capacity" 

Relief designs are offered by a given manufacturer. Section 

5.4 provides additional detail on regulator relief 

requirements. 

Care must be taken in the interpretation of Table 3-7. 

The order of ranking does not mean items at the top of the 

table are "safe" and those at the bottom are "unsafe". What 

it does mean is that the probability of an accident on a 

generalized basis tends to be nigher when equipment or 

conditions lower in the list are present. The listing, in 

conjunction with the risk multipliers, can assist in 

establishing priorities of concern for reducing hazards. 

The rationale for ranking follows a primary basic 

observation of accident patterns: the vast majority of 

injury producing accidents occur during an appliance 

relighting sequence. frequently after replenishment of the 
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fuel supplr. aence. ic :allows chat systems less 

suscapciole :0 supply outages and less suscepci;le co ouclac 

pressure excursions c~aich cause pilot outages. among ocher 

things). che lover the probability of injury. The container 

crp• and regulation srscem columns in Table 3-7 are ranked 

br this basic rationale. 

Th·• ·pref ereace for aboTe grade co· ·below grade serTice 

entrr recognizes, among other chinas, that outside service 

lines•• leaks encrr into the residence is more likely in 

the below grade case. MoreoTer, corrosion leadina to 

serTice line failure olten occurs at or close ao ~oundacion 

entries due to such fac:ors as the disturbed and damp soil 

conditions ofcen found t~ere. 

Sub-floor ranking considers =~•·abilicy ot :agiC1Te gas 

to enter and/or accumulate. likelihood of dis~0Yer7 before 

dangerous accumulations occur, ?resence of a poor 

enTiroament (unheated and/or da=p) leading eo decerioratioc 

of equipment, and pocential for odoraat adsor;,c:;oa. 

LOO 
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4.0 LP-Gas as a Fuel in the Residential Environment: 

Risk Factor Relationships to Standards and 

Specifications 

,-

4.1 Introduction 

Liq~efied Petroleum (LP) gas is the term applied to 

certain gases derived from petroleum products and sold in 
r compressed, or liquefied form .. In the United States, about 

6S% of LP gas is extracted from natural gas, while 3S% is 
4refined from crude ~il. The make-up of the gas can, and 

does vary within certain specification limits assigned. The 

most common forms of LP-Gas are propane, butane, and 

propane/butane mixes. Propane (containing other compounds 

in minor amounts) constitutes by far the predominant-' residential LP-Gas fuel. 

LP-gas is nearly odorless and an artifical smell 

(odorant) is added to fuels for safety purposes. The 

derivation of LP-gas can affect certain safety parameters as 

will be discussed later . 

... 
I 
,_ 4.2 Fuel Specifications, Odorization and the Effects of 

Contaminants 

4.2.l Compositional Effects 

In earlier text we referred to the GPA (Std. 2140) and 

ASTM (D-1835) s~ecifications and test methods as ~he 

principal fuel specifications of interest. We have 

reproduced the GPA specification sheet (Table 4-1) again for 

·ready reference with our discussion. The actual make-up of 

propane sold under commercial or HD-S specification is 

assumed by some to have a "centrist" nature, in other words, 
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Table 4-1 
GPA LIQUEFIED PETROLEUM GAS SPECIFICATIONS 

PRODUCT CHARACTERISTICS 

PRODUCT DESIGNATION 

COMI~ERCIAL PROPANE PROPANE HD-5 TEST METHODS 

Compo1itlon Predo 
1nd/o 

. 
inlnmllv prop1n1 

propylene 
Not 1111 thin 90 Uquld 
volumt1 percent 
propane;not more thin 
&Uquld volume percent 
propylene 

ASTMD-2163·77 

Vapor pr111ur1 al 100 f, • p1l1, max. 201• 201• ASTM 0-1267-79 

Volatile residua: 
t1mpera1ura at 96% evaporation, d19.f, mix. 

or 
butane UKIhHwlar, llquld wolum1 percent max. 
p1ntan1 and heavier, llquld volume percent max. 

.37• 

2.5 
-· 

-37• 

2.5 
-

ASTM0-1837-64 

ASTM 0-2163-77 
ASTM 0-2163·77 

R11ldu1I m1ll1r: • 
11aldu1 on 1v1por■ don ol 100 ml, mix. 
oll 1taln ob,arntlon 

o.osL 
p111t11 

0.05ml 
pall (1J 

ASTM D-2168·65 
ASTM D-2168-65 

Corro,lon, copper aulp, max. No. 1! No.1 ASTM 0-1838-74 

Volatile IUlfur, 9raln1 per 100 cu ft, max. 16 10 ASTM0-2784·70 

Moluura con11nt 

•, 

,.. 
' 

. PHI GPA P1op1nt D1yn111 
Tan (Cobalt Oromldal 
or D-2713-76 

frH water content I- - -· 

! 
I I 

·! 
I 

·t 

I 

.... 
0 
l,) 

,· 
I! 
1: 

I 

:I
I 

: , 
I 

'.·1 
I 

I 
I' 

11J An acc1ptabl1product 1h1II not yield • penlstent oll ring when 0.3 ml of solvent residue mixture la added10 a filter pap1rIn 0.1 Increment, 
and examined In daylight after 2 mlnu11111 described In ASTM D-2158. 1· .\ I 

•Metric equlval1n11: 208 p1i11 • 1434 kPa guage 70 p1l9 • 483 ~P• ou•a• -37°F • -l8.l 0 c 3&0f • 2.2°c 100°F~ 37.8°c
I 
I 
i 

-o'--
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tendi~g to usuallr baYe ?ropercies close co pure propane. 

Conscituenc variac!oQ to the exc=emes of the speci!icac!on 

have likewise been assumed by some co~• rsre. This is far, 

boweYer. from rhe cruth. 
..... 

lefi~ery derived propane doesn't just "happen", it is a 
pur~o.•e_fu.l ~l•n·cl generated co maxi.111ize p.l.anc prol:!.t wi:111.a --·.-
the pla:1cs capabililty of alteri"lig 1·cs product mix froi:z a -particular feedstock. As alternative~•• Yalues :or 

consucuents chanae so does the propane fuel blend. For 

exam9le, in the vincer of 1986, propylene had a worth as a 

chemical feed on tbe order of 12 ceats a pound versus less 
3than 7 ceats as a p.ropane blead: exit ;,ropyleae from 

propane. On che ocher hand ec~ane ~•• worth ~ore as a fuel 

than a teedsco~k 1~ some sectors: ~axim1ze et~ane i~ the 

blend. Consider declining gas !ields and a slippage in 

"heaYier end~". Renee, =ore echane and less bucane in che 

propane oucpuc. (!ecavery of ~ariaus compounds over c:re~-----------, 
production life of a gas field will var7 v!c~ original 

reserToir characteristics, production history, re-cycle, 

ece. 0Yer ti.Jae it would not be ~nusual co see che recovery 

of BeaY~er =olecular veighc Bydracaroon gas•~ dvi~dle. !n 

such cases commercial propane produced will tend co bave 

"ligbcer" minor conscituencs such as echane, rather chan -
"heaYier" •inor consticuceats such as butane.) 

These sicuacioas·chanse by source location and ~arket 

conditions on a moach by moach, year co year ~asis. The 

poinc co be made, hoveYer, is chac extended r~ns and ~assive 

quantities of LP-sas f~•l are ~ade ac Che extreme li~i:s of 

the specifications. As chis reporc was being wriccen ethane 

rich propane vas much in ab~ndanc:e. The effect ol chis 

constituent on imporcaac salecy parameters such as vapor 

.pressure is very subscancial. Th!s will be demonstrated in 

Later discussion vaen ve :ie coget~er the ~rogressive 

elfeccs of changes in composition and common air 
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contamination. for example. 

The primary specifications for LP Gas fuels reflect the 

beginnings of the industry in "natural gasoline" derivatives 

from petroleum production, ar products of simple petroluem 

refin~ng "topping operations". Returning again to Table 4-1 

we will concentrate on the RDS propane specification. 

Focusing for the moment on the corrosion specification 

(copper strip test), it should be remembered that this is 

,­ essentially a test for a single contaminant , hydrogen 
' sulfide, not a broad spectrum corrosion test. It is an old 

but quite appropri~te test for propane produced from "sour", 

i.e. high sulfur c~ntent, gases or derived from sour crudes. 

It is not effective, however for detection of other 

corrosive contaminants foreseeably present in propane 

produced in modern refining operations. For example, a 
,­ malfunction in an HF alkylation unit can result in 
' L hydrofluoric acid being mixed with the propane product. 

,... Thus, there is a risk of serious, and potential!} dangerous 
I contamination in an "in-spec" product.'-

The above shortcoming is an example of a more pervasive 

problem in assuring the quality of product is initially 

adequate, and then maintaining an adequate level of quality 

throughout the distribution chain. Even in the case of more 

explicit requirements in a specification, such as the 

odorant level requirements in NFPA #58, there are no 

follow-through requirements to insure to a reasonable degree 

an appropriate level exists at point of delivery, as pointed 

out earlier . 
... 

Continuing on the subject of contaminants, ammonia has 

proved particularly troublesome. Usually ammonia 

contamination is introduced in transportation. rather than 

at the refinery level. This most frequently occurs due to 
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improper purge and cleani~g of cank crucks or eank cars i~ 

dual serv!ce. Lass ?•r?asive is coacami~acion ~7 far3 

consumers sviccbiag service among nurse canks. ~:?A #58 

seaces flacly chac LP-sas in syscems wicbin cbe scope of cha 

Standard shall coctaia no ammoaia. A licsus cesc is 

pre•cribed if Nth• possibility exists•. Considerins major 
,-I_-,coac~~~nac~an- events chac.aave occurred~ aowever, ic would _. 

appear Chae vho should b• responsible for testing and wbac ...,
sbould be done il coaeaminacioa is found n•eds co be better r 

defi11ad . 
~ 

.. 
Th• most pervasive concaminanc in LP-Gas ac Che 

ulcimac• user level is air. The presence or a 

noa-coadensable gas such as air, parcicularl7 vich an 

in-specilicatioa, but bi;b vapor pressure propane fill, 

makes "premacure" salec7-relief fuaccion' a dis~incc J 
possibility. Add co this a,,erfilling errors kaovu to occur, 

an apparencl 1 vide margin of safecy Yanishes-vicnoac eveo 

cons1der1ng sec-point tolerances on :eliei devices. 

The increase in ?ressure in a closed vessel coacaining 

a mixture of liquid and gaseous propane subject co bea:iag.. 
represents a vapor pressure increase only. Ic is aoc th• 

result of com~ressioa of tae Yapor volue due co the 

incre4se in liquid volume upon beaci~g. Tber~odynamically, 

wsaturacioa" coadicioas prevail. Coadensacion of propane 

vapor co re-escablish equilibrium at che aev higher 

ceaperacure will occur. At a fixed cemperacure a change in 

cbe corresponding liquid and vapor Yolame vould ,roduce no 

pressure change ac all. w~on-condeasables~. such 

as th• couscicueacs of air, preseac in the vapor volume are .. 
subject co compression up~n expansion of tbe liquid volume. 

Therefore, their presence can lead co very high pressures 11 

a subscancial reduecioa in cne vapor volwae occurs either 

due co heating or eoacainer filling operations. 
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Air contamination as a significant safety threat is 

primarily a factor with small, customer owned containers. 

There are a number of scenarios of interest. The least 

consequential.may be f~ll hose contamination which is likely 

to occur at a secondary distributor retail filling area. 

More of a problem is the entirely air-filled new tank which 

is nat ~roperly purged wh~n firsc fiLled. Another ironic 

scenario is the user trying to follow his warning label 

instructions not to store LP gas indoors. He empties the 

-tank at the end of the "barbeque season" and stores it 
r inside for the winter with the cylinder valve open. The ' 

first use after filling in the following season, an 

unexpected gas rele~se occurs and fire ensues. The accident 

record is replete with cases highly suggestive of improper 

purge techniques, quite likely abetted by overfill in some 

instances. 

A series of charts have been prepared illustrative of 
I... 

the serious consequences of overfilling, composi~ional 

differences in the fuel, and air contamination. These are 

shown separately, and as combination events which can 

foreseeably occur . 

..... 
The effect of high ambient temperatures, radiant 

beating from a normally operating portable grill, or heating 

from any other source are clearly seen. ,....
! · 

Figures 4-1 and 4-2 sbo~ outage curves for a 20# tank 

with pure and ethane rich (but in specification) propane ac 

various temperatures and fill conditions. 

.. It will be observed that under specification fill conditions 

temperatures in the 150 degree to 160 degree F range would 

need to be reached for a liquid full condition to occur. 

"Any further temperature increase would open the safety 

relief valve. An overfill condition drops the temperature 

danger point significantly. Note that a 10% overfill with 
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SPECIFICATION fill 

Oasis: 20 lbs. of propane wid, 1 S.G. of 0.61 ti\ 60°F 11111cylinder to 80%. 

Therefore, propane oca.1pl1s 0.6288 ft~ Internal volum• of cylinder Is 0.7859 113. 

5 & 10% overfills simula1ed by Increasing the volume of propane at 60°F by 6 & ummpecdvely, 

Pro1>ertl11sof propane obtained from Table 3-254of Perry's Chemical Engineering Handbook, 
4th Edition. 

Safety valve is uken as having properlles such ,1111 h will rel1111111 375 psi. Thia could r11uh from 
lic1uid full com.lition or va1>or phase preuu,es 11 l76t psi. 

Figura 4-1 OUTAGE CURVES FOR PURE PROPANE IN A 20 POUND CYLINDER 
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che ethane rich ~:oducc irops cbe liquid full ~oiac oelow 

llO degrees:, ~ell into tr.e range of cemperatures ,reduced 

ander local ambient coadicions augmented by solar or ocher 

radiant heat sources. 

I 

The asswaptioas for the propane/ethane mixture for Fie 
4-3 aad suba.equenc chart~ va.s a.s !ollovs: 

-·: 
I 

...,!chaae 

Critical Temperature 89.96 
Critical Pressure 708.p.si 

Critical Density 0.203 1/ec 

A major porcioa of the temperature range of interest is 

aboYe the ericical temperature of et~aae. A literature 
.--search for experi~encal phase and P'TT data for the system 

Prapane/tchane was noc fruitful for the concentration range 

of interest. 

:or ~urposes of this exercise ve dater~ined a .., 
paeudo-equilbr1llll pressure for ethane by extending che vapor 

pressure curve through the critical cemperacure. 

The density of the ethane li~uid above the c:-itical 
' 

temperature is estiAated by c~e critical density. -
The maxiaum echa~• conca:tratioa of 5.5 Yolume p•rceat 

was calculated ta seec t~e Reid Vapor ?ressure (~VP) 

specifieacioa of 208 psi Max ac 100 F from data for ~ropane 
13obtained from Perry's Chea~cal Engineering Randbook, using 

& suple lav ol m~ztures approach vith ethaae properties 

escimated as discussed aboTe. This ~odel ~ill noc be 

. perfect in cbe absence of data for the actual systems but ic 

does g1Ye an estimate of ethane el!ect oa the propane 

systems.• 
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* Actual gas chromatography (GC) data from a comercially 

produced propane run has indicated 93% propane, 7% ethane & 

<1% butane or greater material with an RVP of 210 psig. 

Resuits using latest revisions of ASTM D-2598 will give 

similar values to those calculated above. 

Figure 4-3 illustrates the approximate behavior of a,-
I 
1_ 250 PSIG design pressure ASME tank with pure propane and 

various assumed fill conditions. ASME tanks for other 
r design pressures would respond differently than shown in ,_ 

Figure 4-~. The air contamination case is assumed as an 
,.... 
i initial "empty" t2'nk at atmospheric pressure. 

Start-to-discharge pressure of the relief valve is 250 psig. 

Under these conditions discharge will always begin on 

temperature rise before the tank becomes liquid full except: 

for the 10% overfill case.r 

L 
Figure 4-4 illustrates the approximate behavior of a 

propane/ethane mixture under the same conditions of overfill 

and air contamination, with pure propane shown as a 

reference. Note the downward temperature shift in relief 

opening temperatures, right into the range potentially 

reached in a hot-dry climate zone. In effect, what thisF 
L chart demonstrates is a justification of California 

,_. requirements for a 27~ psig relief setting, as applied to 
I 

smaller tanks, where diurnal cycle heating lag is limited.L 

I It would be desirable for a relief valve set-point 
_, 

pressure to be keyed so that at specification filling 

·' 
,­

conditions relief would begin at no less than the threshold' ,__ 
of liquid full conditions at a temperature no lower than the 

maximum service temperature anticipated. Considering local 

ambient temperatures, the peak daily temperature may not 

represent the design service temperature. The thermal 

capacitance effect of the tank and contents will tend to 
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cause t~eir tam~erature Tariacion co ,e narrower ::a~ :~e 
preTaili~g daily ~igh aad low temperacure. On:~• ot~er 

aaad, solar radiacioa bas co be considered in some re1ioas 

as addiCiYe to the saaded ac2ospheric dry balb value. The 
aec effect caa be e:?ecced cank cemperac~res higher or lower -. 
than peak ambieacs depeadias oa cank size, fill 
scac.e,r~.:clect-1:Ye surface, and geogra~hic· loca:ioa. 
Practical requirements caa mitigate aia1asc tailoring, 
rather thaa standardizing reliel valYe sec-point•, except ia 

..Jliuced situations. 

!igure 4-S illuscraces the earlier coadicions wich a 
pure propane fill ia a DOT specificacioa tank ~it~ a 375 
psig scar~-co-disc~arge safet7-relief secting. !ote :hac 
for the ~ajoricy of cases temperatures vell above aay 
e:pecced ambient coaditioas would haTe c0 be reac:ed for a 

dischara• co occur. This is a desirable sit~atioa. !n 
those cases where a liquid full c~adit~on is reached ic ls 
essentially iJUaterial what the discharge sec-point !s, 
since oace·the coacain•r is full a minor inc:ease ia 
temperacqre will resqlt in a larae increase in internal 
pressure, opening the Y&l~e. 

Figure 4-6 illustrates the Figure •-5 conditions with 
the ethane rich pr0pane. Not• Chae overfill or air 
coacaunacion, alone or ia tandem. dangerously drop relief 
Y&lve opening temperacares. Air is assumed co be 
essentially iasolable in propane for the pressure changes of 
interest. This is a caaserTatiYe assumption. Oa the ot~er 
hand, aev cylinders are sometimes shipped wich residual air 

pressure in them. !f these coaeaiaers are then directly 
LP-gas filled without pqrge relief, opeaia~ could be ac eYen 
lower temperatures ~~an t~ose shovn. 

These grapbs are consistent vie~ ~nae~• belieYe :o be 
actual field •x,erieace. T~e conclusion t~en is c~ae it is 
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absalucel7 
vicn scall cascomer owned cocca!~ers. 

! farther chougac t~ac is developed :ore f~lly ia later 
safecy-reli•f valve discassioa (Section S.2.2) is che false 

u•umpciou chac a small aaouuc of noa-coadaasable gas (air) 
will Always·proda~e 

• o 

an e:cremely 
• I 

liaice~ 
o • 

valve opening 
period. v~tn che ca:k pressure :apidl7 reeurniag to ~or:al 
Y&por pressure level•. In face, re-sealin; of satecr relief 
ralves uuder blovdovu conditions ia well below sec-point. 
Hence, il discharge cakes place on a var: day, re-sec mar be 
delayed exceasivel7 until vapor1zacioa cooling cakes effect. 
This ~•r be per2i••ible for aa isolated ~&ck-yard cank, but 
for a tank connected to a grill wi:h an icmediace ianitioc 
source nearby it can be !atal. 

...i 

... 

7 

J 

-

c:~cial to 1ec a ~andle on :~e over:!ll ;robla: 
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4.2.2 Solid Contaminants .· 

Solid contaminants may be present in the fuel 

supply. Frequently this type of contamination occurs 

in the distribution chain, including from chemical 

reaction, in service and house piping. Two of the 

~ajor safety hazards are fo~lin~ of control valves, 

service regulators in the main supply, or controls at 

the utilization appliance. Problems in the service 

regulator portion of the line are covered in Section 

5.4. The effect on downstream appliance controls and 

the sediment trap issue are dealt with here. Many of 

the same factors described relate to valve seating 

elements of service regulators as well. Presently 

there is no sediment trap standard for protection of 

appliance controls. 

Foreign materials or objects entering a control. 

valve can foul the sealing surfaces of normal operating 

or safety elements of the control, resulting in leakage 

and sometimes injury. A principal mechanism is the 

build-up of particulate matter, frequen~ly over an 

extended period of time, on sealing surfaces, 

preventing tight shut-off of valve elements. 

Occasionally, valve guide or spring return elements may 

become jammed or sluggish as well. 

Particulate contamination can be the result of 

factory contaminacion, e.g. slivers from threading 

operations, etc., but generally is the result of the 

introduction of contaminants from the fuel g-as piping. 

This may be rust, scale, dirt or a variety of 

construction debris. Reaction products, such as copper 

sulfide are also found. The latter material is usually 

associated with LP gas systems, where copper piping is 

used with a very high frequency and many installations 
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lack recommended sedi~eac :ra?S (n4ri1 legsn) i~ =~• 
supply run. 

The.- rel&CiYe Yulnerabilicy of a liYea coacrol co 
parciculace coQCamiaatioa vbich 11•es rise to a 

, daaaeroas coadiciaa is very mucb a !uac:iaa o! caacrol 
-duiau, as vell as applicac,i,011 ... At the preseac time 
so ■• coacrols intended for ~igher risk applicacious, 
sucA •• Lr aaa-lired vater heacers, incorporate highly 
specific features to prevent dangerous encry of foreign 
macerials. Screens and/or inertial impingement plates 
caa serve double-d~tr as blocking elements co ph7sical 
entry of cool~, ecc, as vell as acting as particulate 
remoYal deYices. T~e ?&st mumber of appliances alread7 
in che field, plus ch, limited applicacion of 
parciculate matter filters en controls, eYea today, 
meaas that sedimenc craps in che suppl7 piping will ae 
a muse well inco th• future. 

Ic is aoc pa:cicularly 1mpcrcaat whether & control 
has a specilicallr identifiable "sedi:euc tra?w, for 
e:a.aaple, or is incrinsically sale from ~•asoaabl7 
foreseeable concamiaatioa levels. aowever, there mus: 
be a scaadard for decerm1a1ag cbe leYel of protec:ioa 
co be p~oYided, aad with chac & scaadard !or eYalaaci~g 
relaciYe effe~civenes. Ia iacroduci~3 discussioa of a 
wscaadardw ic is useful co recall some of che basic 
eoacepcs and considerations. 

The typical a~comacic safecy shgc-of! (ASO) 
coapoaenc of a co ■ biaacioa. control is a sprina-loaded. 
sofc seat Y&lYe mating to a fiA~shed aard mecal 
surface. The mecal seating surface may be the bo:tom 
of a manual cock chat 1~ also a pare of the combinacion 
control, or part of che coacrol body. In normal 
operation the !SO is open and ~•T be ex,osed co 

t 
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-
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contaminants in the fuel gas stream, some of wnich may 

become lodged on the sealing surfaces or cause binding 

of the spring return mechanism. It is crucial that the 

ASO is sealed to near tightness when activated to 

prevent gas flow without a proven source-of-ignition 

for the main burner. Seating forces, seating area and 

.r~lative compliance of the soft sealing surface have a 

great deal to do with the ability of the valve to close 

properly when contamination is present. The 

vulnerability of the valve to particulates may be 

increased by grease contamination, which enhances 

retention of particles, surface glazing, or loss of 

resiliency of ·seating surfaces with age, among other 

factors. 

Given the above, the desired characteristic for a 

sediment trap is to insure that no particulate matter of 

sufficie~t size and quantity to impair the safety func~~on 

of the ASO be permitted to enter the contr~l valve. In a 

generic s•diment trap standard it will ~e critical, then. to 

define the performance requirements and set up the test 

procedures to produce accurate results regardless of the 

mechanism the device employs to remove matter from the gas 

stream. A standard based upon a trap using a screen for 

separation may produce invalid results for a trap using 

purely inertial forces for separation, for example. The 
' .. reverse case can also be true, a point to remember if the' 

conventional pipe "drip leg" is used as the reference 

separating device. 

It is possible to develop a test procedure capable of 

giving reproducible, but unfortunately meaningless--or 

worse, deceptive,---results with respect to determining 

relative effectiveness of a sediment trap in the real ~orld. 

There has been substantial effort by GAMAmembers to 
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develop a sedi~ent c:ap scandard :or ANS! ZZl C~imic:ee 
consideration. !n essence a~ actemp~ was :ade t0 devel09 a 

speci!ic cesc procedure ~hereo7 ch• pass/failure cricar~on 

was basad oa particulate remaYal ef!iciene7 expressed as a 

percentage. Great dil!icult7 aas been axperienced. 
Appendix wFw ~a• additional coameac regarding sediment 

• -ltrap scaadard de•elop ■ ent. 
-i-..: 

Th• approach using inertial separacioa vi:~ a -I 
l 

final screen is one currently used by aaaufacturers of I 
~ 

vater-beater controls intended for LP Gas service. 

Just as veatina capability requirements in a speci!ie 7 
appliance staadar~ aust be complementary wic~ A~SI 

ZZ23.l Yeat srscem standards, so muse a sediment crap 

standard be c0mplemeacar7 v1t3 a control standard. 

This suggests, then, chat the control standard :use 

have a defined level of coacaainatioa chac the control 

~MC tolerate. Oace that is deiined a &edimenc crap .... 
staad.ard can be established. One componeot of the crap 

standard vould be aa absol~te siz• cue off above a 

certaiA size raaa•• A second component of the sediment 

crap standard could define an efficiency of removal for 

uterial above that size rans• in a manner co prevent 
..,,;

excessive loading of a final trapping or filcer!ng 

element. In order co accomplish this, recognizing 

inertial separation may be used, it would~• crucial co 

specify th• density and particle size distribution (not 

just limits) of the concaminanc material inc~oduced in 

the case aas sere.am. 

The complexity inYolved in eeveloping aa effective 

sediaeac crap standard is a perfect example of a wider 

spread problem involving ocher eilficulc technical 

questions. Thia indicates t~• aeed for specific 

research and development ef:orts directed co Standards 

de•elopmenc issues. The ad ~oc YOlantary working 

126 


	Structure Bookmarks

