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Fig. 18
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- Fig. 19 Source: 1980 Census Of Housing, Vol, 1
Characteristics Of Housing Units, Chapter B

-~ Detailed Housing Characteristics, Part 1

s United States Summary ECS0-1-381, Issued

e December 1983.
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Occupied llousing Units
Utilizing LP For
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Fig. 21
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State 3y State Annual De.h very To Residential/Comsercial Custoser of LP cas in [980.

LP Gas Estimated

Deliveres (R) Estisated Hazisus Consusstion (L}

_ STATE 1,000 33l Custoners Type of Use sallir
Alabasa 198,788 21,621 House gig

Arizona 48,455 52,559 Caok =

Arkansas 183,477 146,238 Cagk 1B
Calitorma 232,420 114,870 Rater S

Colarado 172,273 57,847 Water 2973

- Connecticut 43,350 73,240 ook bé0
Delaware 7,624 31,708 Cook ETH

Florida 322,119 448,262 House ™

- deorgia 1,983 318,357 House 9
. 1daho _ 3,314 12,353 Cook 1687
11lineix o 298,96 174,077 House inz

Indiana 242,310 148,267 Caok 164E

- lova 287,015 147,104 House 192}
Kansas 153,462 84,193 Fousea 1833

- Kemtucky 152,226 112,823 Caok 1352
— Logisiana 84,438 101,435 Cook 834
Maine 29,191 . 89,900 Cook 335

Marylaad § IC 58,187 126,307 Cook igf
Rassachusetis 9,328 98,005 Cook 508

- Nichigan . 249,008 170,465 Cook 1451
. Mianesota 216,160 133,817 Look PREN
- Mississipp: 162,479 175,926 House 72
- Rissouri 397,578 254,989 House 1347
) Santana 61,128 21,085 House M
— Nebraska 112,851 68,819 House 1837
Nevada 31,382 20,079 Nater 1571

- New Hasgshire 43,428 T o82,53 Cook £27
L New Jersey 5,38 508,781 ’ Cook 242
New Mexico 89,207 50,997 Hater 174%

- New York 198,788 454,557 Cank i
. North Carolina 210,021 182,799 Caok 1149
= Narth Dakota 37,481 2h,904 House 1443
. Chio 188,464 151,300 Coox 1233
Oklahosa 129,828 114,147 Nater 137

- Grigon 42,318 23,566 Cook 1783
Peansylvania 132,422 300,148 Caok 208

= Rhode Islind 8,4% 2,57 Cook M
- South Caroling 111,410 118,170 House g
South Daketa 848,007 43,841 Rouse 1971

- Teanesee 119,247 79,184 Houss 1302
Texas 152,434 431,381 House 1049

- Utah 25,73 12, Kater .43
- Versont 25,292 35,104 Zook Sh%
: ¥irginia 111,149 141,309 Cook TEY
— Washington 44,238 20,479 Cook it
Nest Yirginia 29,191 42,848 Cock FEN
Nisconsin 220,078 148,020 Caok - 14E7

Yyosing 47,542 15,948 Hous2 38l

) ToTAL 8,496,472 «203,887 1847

A) Source 1981-34 LP-Bas Harket Ficts: National LP-Gas Association
= 3] feviewed 1550 Census Data “Characteristics of Housing Units; Oetaiied Housing Characteristics Unitad States
Sussarv®, RCBO=-1-3] And Seiected the Kuaber of Housing Umits Utilizing Bottled, Tank; or LP 3as For
Heuse Beating Fuel, Bater Heating Fuel ind Cooking Feel Based on Taking The Highest Nuaber.

- ¢r Bivies Ceiusn 1 iy Colusn 2
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State 3y Stats Average Annual Delivery To Residential/Cossercial Customers of LP 3qs in 1980
Srouped by Census Fegion.

LF Gas Sstimates

Delivered gstinated Maxisua Type Consusptian

1,000 Sals Custosers 0f Use daltyr
North Central
I1lino1s 298, %46 174,077 House Lz
Indiana 247,310 148,287 Cook 1,668
lowa 87,015 147,104 House 1, %l
Kansas 133,862 94,193 House 1,625
Michigaa 249,008 170,465 Cook 1,461
Hionesota 214,140 133,817 Cook 1,592
Missouri 397,518 236,989 House 1,947
Nebraska . - 112,481 .. 48,819 House 1,637
North Dakota 37,681 26,006 - House 1,445
Onio 188,666 131,300 Cack 1,245
South Dakota 86,007 £3,641 House 1,17
Wisconsia 220,078 148,020 Coak 1,487
T0TAL 2,494,782 1,354,898 1,504
I National Total 38.41 6.
North East
Coanecticut 43,950 73,230 Cook 400
Massachusetts 49,328 98,005 Cank i
Maine 29,191 89,508 Cock M)
New Hamashire 43,428 . 92,534 Coak T
New Jersey 5,38 105,744 Cook 542
New York 198,788 454,539 Cook 7
Pransylvama 152,42 300,148 Coak 208
Rhode Istaad 8,490 2,577 fook e
Verzont 28,232 46,104 Cook 59
TGTAL 409,487 1,242,818 . 91
Z Ratisnal Total 9.41 200
South
Aladam 198,788 231,621 House ess
Arkansas 165,879 146,233 Cook LT
Selaware 27,624 31,708 Cook o
Florida 327,119 448,252 hous? 30
Georgia 231,953 318,357 House Iprt]
Kestucky 182,226 112,523 Cook 1,382
Lowisiana 84,533 101,435 Look £34
Maryland & OC 38,187 126,307 Cook ) ('Y
Mssissipi 162,479 175,926 House 924
Nerth Carslina 210,024 182,799 Loak w47
0klahosa 129,826 114,147 Yater $,43
South Carslina 111,410 118,170 House 943
Tennessee 119,287 79,184 House 1,306
Tezas 432,434 431,381 House 1,049
Virginia 111,149 141,309 Cook 187
West Virginia 2919 2,548 Cack &8t
TOTAL 2,972,038 2,802,292 18
T Natienal Tatal 39.581 £3.2%
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Nest

{Northern)
Colarade
ldaha
Montana
Oreqon
Utah
4ashington
¥yomng
TOTAL

1 National

{Southern}
Arizona
Calitarnia
Nevada

New Mexico
TOTAL

1 National

Total

Total

Overall Total

7 Naticaal

Total

172,275
3,304
51,123
42,318
25,730
45,23
47,542

418,540

841

43,434
32,420
31,342
89,207
401,823
6'22

820,145
12.61

57,847
12,3
21,055
23,666
12,008
20,479
15,349

163,360

%41

2,55
314,870
20,079
50,997
440,305
7.11

503,861
.71
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Rater
Cask
House
Cook
Hater
Cook
House

Cook
Bater
Nater
Nater

2,178
{867
2,303
1,78
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APPENDIX C:

SELECTED ORGANIZATIONS WITH
DIRECT INTERST IN LP-GAS
INDUSTRY
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American Gas Associacion (iGaA)

Locatien: 1515 Wilson 3lvd.
Arliagton, VA 22209
(703) 841-8400

Founded in 1918 the American Gas Association has a
staff of approximately 420 iadividuals and approximacely
4700 members including individuals, disctributors and
traasporters., This organizacion provides iaformacion o2
such areas as sales, finance, utilization, research,
management, safety aad all phases of gas transmission and
distriduticn. AGA is iavolved in promotiag employee and
public safecy. The Amsrican Gas isscciation alsoc complies

nactional and regional stacistics.

The AGA maintains an independent comnicéae which
complies standards on conscruction and performance of
appliances and equipmentc as wall as other areas. AGA's
facilities includes a 20,000 book raferencs lidrary. In
cooperation with the Gas Manufactures issociacion, the AGA
helped establish che Gas ippliance Iaprovement Network

(GAIX).

Publicactions: 1) Gas Energy Raviaw (Moathly)
2) Gas Facts (inaual)

3) Qperating Section Procedure (danual)
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4) Public Information Bulletins
5) Newsletters

6) AGA Rate Service
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American Insuranca issociatiocn (AZ4)

Locacad: 85 John St.
Yew York, YY¥ 10038
(212) 669-040Q0

Founded ia 1964, the American lasurance Association is
made ap of 170 companies which provide property and
liabilicy insurance. This organization sesks to aid zember
companias through legislative lobbying. The AIi also
peblishes inforaa:ian bullecias on iaduscrial safecy rules,
fire preveancion, suyggesced codes and ordinanc%s, special
kazards, workers' compensaction, stata financial

responsidilicy laws aad various law compilations.

238
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American National Standards Institute (ANSI)
Location: 1430 Broadway
New York, NY 10018
(212) 354-3300

Founded 'in 1918, the ANSI consists of approximately
1100 members and serves as a clearinghouse for nationally
coordinated voluntary safety, engineering and industrial
standards. The ANSI gives status as American National
Standards to standards developed by agreement from all
groups concerned iﬁ such areas as: definitions,
terminology, symbols & abbreviations, materials, methods of

rating and testing, safety and health.

Publications: (1) Reporter (bi-weekly)
(2) Standards Action (bi-weekly)

(3) Catalog of Standards (Apnual)
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American Sociacy of Mechanical Zagiaeers (ASMI)

. 47th Se.

(]

Locacion: 343
Jew YTork, NY 10017
(212) 705-7722

fho American Sociecy of Mechanicdl Sagineers is a

large

organization consisting of approximately 103,000 members

including approximately 23,000 student meabers. The society

conducts research, develops bSoiler pressure vessel codaes and

sponsors the American National Standards Iascituts. The

ASME maintains 19 resezrch committees, consisczs of 31

divisions and has aa 180,000 volume library.

Publicacions: ?1) Applied Mechanics Reviaws (Moathlry)
(2) Mechanicgal Eagineering (Menthly)

(3) Transactions (Quarcerly)

(4) Biaegraphical Dicciomary - Tagiaeers

3efore 1860
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Compressed Gas Association (CGa)

Location: 1235 Jefferson Davis Highway

Arlington, Va 22202

(703) 979-0900

Founded in 1913, the Compressed Gas Association

consists of approximately

compressed, liquefied and

This organization submits it's recommendations te

300 producers and distributors of

cryogenic gases and/or equipment.

" em = tmr -t —— ]

appropriate government agencies to improve safety standards

and methods of handling, traﬁsporting and storing gases.

The CGA has also acted as an adviser to regulatory agencies

and conducted national and regional technical meetings.

Publications: (1)
(2
(3)
(4)

——— A G T b ——————— - = ——

Compressions (Monthly)
Annual Report
Handbook of Compressed Gases

News Bulletins
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Cyliader Manufac:surers issociatiocn (CMa)

Location: 1055 Thomas Jefferson Hy., ¥W
Washiangton, DC 20007
(202) 342-8400

Founded in 1977, the Cylinders Maaufacturers
Association consists of 15 members. The maia purpose of the
organization is to monitor, analyzsa and influence faderal
legislacive and regulatory activicies which affect the
compressed gas cylinder industry. The CMA also complies

import ‘statistics and domestic production surveys.
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Manufactured Housing Insticute (MHI)

Location: 1745 Jefferson Davis Hwy.
Suite 511 -
Arlington, VA 22202

" Founded in 1936, the Manufactured Housing Institute has

380 meabers in such areas as manufacturers of

mobile/manufactured homes, and suppliers of mobile home

equipment. Annually in January, the MHI sponsors its annual

Manufactured Housing Show. This organization also presents

awards, maintains speakers bureau, conducts reseach and

complies statistics.

Publication: (1)
(2)
(3)
(&)

Newslecter (Bi-Weekly)
Buyer's Guide (Annual)
Membership Direcotry (Annual)

Quick Facts (Annual)
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Jacional Tirs Protaction Associatioa (JFPA) -

Location: Bartterymarch Park
Quiacy MA 02269
_.(617) 770-3000

Founded ia 1896, the National Fire Protectzion
Association consists of approximacely 31,500 aneabers and a
staff of 240. Membars work ia such fields as Sire service,
businesss & industry, health care, educacion, iasuraace,

archicecture, government and eagianeeriag. The YFPiA aain

purpose is to develop publish and disseminace stcaandards

prepared by their approximacaly 175 tecianical commictaes. -

The ¥YFPA also conducts fire safaty education programs -
(iacluding sponsoring a Natciomal Fire Proctection Week) and
complies annual statiscics on causes, losses and deaths
related to fires. This organizacion main:aiis a 50,000 bjo0k

library.

Publicacions (1) Fire Command (Monthly)
(2) Fire Yews (8 year)

(3) Fire Journai (3i Monthly)
(4) Fire Technology (Quarcerly)
(5) Technical Committae Reportcs (Semi-anauwal) -
(6) Cacalogs of Publicacions (imnual)

(7)

(8) YNacional FTire Codes (Annual)

ire Protaction Refarenca Dirsctory (ianual)

']l




(9) VYearbook

(10) Commitrtee Lists

(11) Fire Protection Handbook

293




P e mmw —e ——— — - -—

Yacional L2?-Gas issociacion (NLZGA)

Locacion: 1301 W 22nd'3:.
Qak Brook, IL 60521
. (312) 986-4800 .

The National LP-Gas Association was founded in 1962 aad

consists of approximately 5000 members in the fields of

production aad discribution of LP gas and equipaent. This

orgasization develops standards, conducts safetcy psrograas,

rasaarches market conditcioans and deavelops iaduscry

standards.. The YL2GA also works as a liaison for the

government and conducts aational advertisiag promotions,

Publications: (1)
(2)
(3)
(4)

esws - e epee = —— -

YLGA Reporcs {(Weekly)
Reports of Procseding (ianual)
Markscing Scacistics

Mangals
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Underwriters Laboratories (UL)
Location: 333 Pfingsten Road
Northbrook, IL 60062
(312) 272-8800

Founded in 1894, Underwriters Laboratories is a testing
laboratory with a staff of approximately 2800. Their
purpose is "By scientific investigation, study, experiments
and tests, to determine the relation of various metals,
devices, products, equipment, constructions, methods and
systems to hazards appurtenant thereto or go the use thereof
affecting life and property, and to ascertain, define,
products, equipment, constructions, methods and. systems
affecting such hazards, and other -information tending to

reduce loss of life and property from such hazard."
Publications: (1) Lab Data (Quarterly)

(2) Trends (Quarterly)
(3) Product Directory (Annual)
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APPENDIX D : MEMBERSEIP OF KEY LP=-GAS

N

STANDARDS COMMITTEES
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NLPGA TECHNOLOGY AND STANDARDS COMMITTEE

MEMBERS

Robert Reed, Chairman

T. J. Akers

Ray Boyette
Verle Brown
V.A. Bruason
Charles Chapman
Dewey Dearman
W.P. Freeman
Charlie Gardner
0.L. Garretson
W.J. Glidden
George Hall
J.F. Hirshfeld
Casey Jarvis
Walc Johnson
Don Jones ~
Robert Jones
Ron Katz

Gary Koch

John Kukucka
Charles Lamar
Al Linder
William McComas
L.D. McElroy
Sam McTier
Warren Meyers
David Parris
Larry Pearce
T.E. Perkins
Don Rice

Don Schultz
B.G. Schulz
Martin Simon
A.0. Simpkins
Felix Samist
C.L. Smith

Joha Snapp
Robert Taylor
H. Emerson Thomas
W.L. Thompson
Don Waits

Petrolane, CA

Shell Development , TX
Blue. Flame Gas, NC
International Gas System, WA
Blackmer Pump, MI
American Welding & Tank,FL
Mississippi Tank Co, MS
Southwest Instruments, TX
Gardner-Marsh, NC
Farmington, NM

Pro-Chem Co., NJ

LP-Gas Equipmenc, IL
Waywick Corp., MI

Jarco Inc., CA

NLPGA , IL

Pargas Inc.,, MD

Goodall Rubber Co., NJ
Mobile Gas, FL

Squibb Taylor, TX
Suburban Propane, NJ
Lamar Consultanta, IL
Coast Gas, CA

AmeriGas, PA

Trinity Industries, TX
McTier Supply, IL
Divserco Inc.,NJ

Enmarc Corp., WI

Reg0, IL

Commonwealth Propane, VA
Fisher Controls, TX
Schultz Gas Service, IL
Warren Petroleum, OK
Skelgas Inec., IN
Rutherford Equipment, GA
Sherwood-Selpac, NY
Riley-Beaird, LA
Manchester Tank & Equip., CA
R.J. Taylor, Inc. FL
Thomas Associates, NJ
Boyd Service Inc., KY
Union Texas Petroleum, TX
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ADVISORY MEMBERS

Scan 3lacaman
R.R2. Cziscake
Joe Farris

J.P. Langmead
Leonard Pakruda
Larry Wyace

STAFF

W.H. Buttarbaugh
Hal Faulconer
D.X. Myers

AGA Labds., OH
Underwricars Labs., IL
Raanger Cs., G4

GaMA, Vi

Alabama LP-Gas Board, AL
Grianell Mutual, IA

NLPGA, IL
NLPGA, IL
NLPGA, IL
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NFPA LIQUEFIED PETROLEUM GASES

TECHNICAL COMMITTEE

CHAIRMAN: Connor L Adams Mechanical Inspections City of Miami
Bidg Dept 275 NW 2nd Street Miami, FLL 33128

PRINCIPALS

J A Cedervail Casualty & Chemical Hazards Dept Underwriters Labo-
ratories inc 333 Pfingsien Rd Northbrook, Il 60062

‘WJohn Glidden Pro-Chem Co Inc PO Box M 730 South Ave Middlesex,

NJ 08846 (Rep Natl LP-Gas Assn)

Howard J Haiges Jr Prolessional Support Div US Natl Park Service
PO Box 25287 7S5 Parfet St Denver, CO 80228

H T Jones Ministry of Consumer & Commercial Relations 3300 Bloor
St W Toronto, Ont M8X 2X4

Jerrold Juergens Federated Mutual Insurance Co PO Box 328
Owatonna, MN 55060 (Rep Alltance of American insurers)

Hugh F Keepers Railroad Commission of Texas 2600 Clarkdale Ln
Austin, TX 78758

John Kukucka Suburban Propane Gas Corp PO Box 206 Whippany,
NJ 07981 (Rep Natli LP-Gag Assn)

Charies C Lamar Lamar Consuitants Inc S31 Jefferson St Hinsdale, IL
60521

Robert F Langley US DOT/Research & Special Programs Admin 400
7th St SW Washington, DC 20530 (Rep Pipeline Salety Reg-US Dept
of Transportation)

Donald Maddock Ansul Co PO Box 8007 Concord, CA 94524 (Rep
Fire Equipment Manufaciurers Assn)

E N Proudfoot Goodyear Tire & Rubber Co 1144 E Market St Akron,
OH 44316 (Rep NFPA Industrial Fire Protection Section) -

Frank E Rademacher Industrial Risk Insurers 175 W Jackson Bivd
Suile A2000 Chicago, IL. 60604

Phani Raj Technology & Mgmt Systems Inc 279 Cambridge St Suite
102 Burlington, MA 01803

Bruce A Schwartz Washington Gas Light Co 6801 Industrial Rd
Springficld, VA 22151 (Rep American Gas Assn)

Henry C Scuoteguazza Factory Mutual Research Corp 1151 Boston-
Providence Tpke Norwood, MA 02062

James E Stockton James E Stockton & Associates 100 Chevy Chase
Dr Wayzata, MN §5391 (Rep Fire Marshais Assn of N America)

H Emerson Thomas Thomas Associates PO 8ox 550 200 North Ave £
Westfieid, NJ 07091 (Rep Natl LP-Gas Assn)

J Herbert Witte Registered Proflessional Engineer 8531 Drake Ave
Lincolnwood, IL 60645 {Rep Gas Vent Inst)
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ALTERNATES

John A Davenport Industrial Risk Insurers 38 Woodlang St Hartisrd,
CT 06102 (Alt to F E Rademachaer)

Waiter H Johason Natl L2-Gas Assn 1301 W 22nd St Cak Srook, IL
60521 (Alt 1o J Kukucika & H Thomas)

- Norman O Nobbe insurance Co of North America 3924 Tonkawoed

Rd Minnetonia, MN 55343 (Alt to AISG Reg)

* . - Waiter C Retzsch American Petrcieum Institute 1220 L St NW ‘Wash-
ington, CC 2000S (Alt to APl-Refining Degt Repy

Oon J Slee Compressed Gas Assnt Inc 1235 Jefferson Da\na‘-!wy
Suite 501 Artington, VA 22202 (Alt to CCA Rep)

NON-VCTING

L. L Bergonia Allls Chaimers Corp 218C0 S Cicerc Ave Matteson, IL
60443 (Rep Industrial Truck Assn)

Chagpeil D Plerce Cffica of Standards Develocoment US Qccupational
Safety & Heaith Admin 200 Constitution Ave NW Rm N3463 ‘Nashing-
ten, OC 20210

Scope: To deveicp documents covering the design, eanstruction,
instatiation and cperation of fixed and portable liquefieg petroleum
gas sysiems in buik piants, in domestic, commaercial, incustrial (with
specified excagtions), institutional, and similar properties: truck trans-
portation of liquafled petroleum gas; engine fuet systems on motor
vehicies and other maobdile equipment: stcrage of containers qwaiting
uss or resale; installation on commercial vehicies, liguedied Setro-
leur gas service stations and utility gas plants,

Respensible for Slorage and Handling of Liquefied Petroieurn Gasas
{No. 58), and Liquefled Petroleum Gases at Utility Cas Plants (Ne. $8).

Staff Lisison: Theodore C Lemotf
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APPENDIX E : LP-GAS CODES -AND STANDARDS
- . CROSS-REFERENCED
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Cross References in ANSI Z221.58-1982 ~ Outdoor Cooking Appliance

- -—— e o ———— - ——— - —

ANSI Z221.15-1974
ANSI Z21.18-1973

NFPA $70-1981

ANSI 2223.1-1974
(NFPA #54)

ANSI B1.1-1974

ANSI B18.2.1-1972

ANSI Bl18.2.2-1972

ANSI B2.1-1968
ANSI B36.10-1979

ANSI CGA-V-1-1977

ANSI Cl101.1-1973

Standard for Manually Operated
Gas Valves

Standard for Gas Appliance
Pressure Regulators

National Electric (Code

National Fuel Gas Code

Unified Inch Screw Threads

Standard for Square and Hex
Bolts

Standard for Square and Hex
Nuts

Standard for Pipe Threads

-Standard for Welded & Seamless

ANSI/NFPA #58-1979

UL #144

UL #125

UL #569-1980

307

Wrought Steel Pipe

Standard for Compressed Gas
Cylinder Valve Qutlet & Inlet
Connections

Standard for Leakage Current
for Appliances

Storage and Handling LP Gas

Standards for Pressure
Regulating Valves for LP-Gas

Standard for Valves for
Anhydrous Ammonia and LP Gas

Safety Standard for Pigtails &
Flexible Hose Connectors for LP
Gas
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NFPA #54 NFPA #58 UL #1
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NFPA #10

NFPA_#15
NFPA-_#30

X __
- NFPA #37 X

NFPA #51

X

X

X

X

NFPA #50 X
X

X

NFPA #54 -

| La]

NFPA #58 X - X X

- NFPA #59 X X X . ¢

v —— Ee——

NFPA #61 X

NFPA #68 X

NFPA #70 X

NFPA #77

NFPA #78

- NFPA #80

NFPA_ #82

- NFPA_#90 X
3 NFPA_#96 x

NFPA _#251 X

- NFPA #211 X
NFPA _#302

>4

- NFPA #321

NFPA #501

ASME Code
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APPENDIX "F" (Comment on Sediment Trap Standard Development

The desired characteristic for a sediment trap is to
insure that no particulate matter of sufficient size and
quantity to impair the safety function of the automatic
shut-off (ASO) be permitted to enter Ehe control valve. In
a generic sediment trap standard it will be 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.

Consider that a screen will have a ralatively sharp
upper size cut-off on particulates passing, irrespective of
gas velocity or particle density, whereas a purely inertial
separation device will be affected exponentially with gas
velocity and directly with density over a continuum.
Consider furcther that particles smaller than the opening
diameter in a screen tend to be removed by inertial impact,
which will be influenced by particle density, flow velocity
and ratio of closed to open screen area. High filtering
efficiencies with a screen can be achieved by permitting a
filcer "cake" of particulates to build on the screen.
However, a design permitting such a buildup could incroduce
pressure drops which adversely, and perhaps dangerously
affect burner operation. Moreover, gas viscosity, density,
and flow velocity at a given load vis a vis natural gas and
propane significantly affect screen parameters which may be
chosen with acceptable pressure drop characteristics.
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Tests a:z steady-szace flow conditions can e a very
poor pradictor of performance under cyelic coanditicons. Some
steady stace tests will greacly underestimate the potantial
encry of larger particles. In a system subjec: co step
change from zero to full flowv, momentary eddies aad vortices
: crcacld can produce localized energy conditions to move
parcicles in excess of that provided by the bulk screanm
conditions. The energy levels to maiatain partizulates
continuously airborne are also different than those
necessary to move a particle in discrete jumps down a pipe
over time. An addicional factor ia cyclic operacion
includes momentary pressure differantials across che systcanm
and resultant flow velocities higher than those experienced
with steady sctate applisace operation. Alse, irregularly
shaped particles being accelerated f{rom rest may ianicially
present a high "drag" area to the gas scream and move more
easily chan their effgc:ive aerodynamic diamecer under
steady state :cndi:ibns wouid,iadich:e.

Irrespective of whether ste2ady stace or cyclic
condizions prevail, an addicional "drag” factoer that musc se
considared in selecting a test medium is the &if!crcnca ia
gas densicy at flowing conditions. 7For given parcicles of
equivalent asrodynamic diamecer and weight, propane, for
example, will provide more propulsive force than natural

gas.
The preceding was presented ia condensed and simpliliad

fora, bur serves to illuscrace among other things the fac:

that it is possible o develop a test procedure capable of

giving repreducible, but unfortunately meaningless—--or
worse, deceptive,-==reasuylts with respect to deteraining
relacive afiecciveness ia the resl world.

There has bheen substaatial eifartc Sy GAMA naeambers co
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develop a sediment trap standard for ANSI Z21 Committee
consideration, In essence an attempt was made to develop a
specific test procedure whereby the pass/failure criterion
was based on particulacte removal efficiency expressed as a
percentage, Great difficulty has been experienced.

It is perhaps easier to design an effective trap to
protect 4 sp?cific control thaa it is to design a generic
sediment trap test standard based on percentage particulate
removal efficiency from a gas stream. The reasoas
supporting what may appear at first to be a contradiction
include the following: particulate matter below a certain
size is unlikely to result in blocking safety elements of a
control, or at leasb-:he build-up would be so slow that the
chance for severe leakage to develop undetected would be
low. Hence, at this size regime one may have 100X of the
material passing the trap without excessive danger.
Therefore, an effective trap would have.an absolute size
cutoff at a point within the tolerance or "adEEﬁmodaEion;'

range of the control valve sealing elements--presumably of
the soft seat type capable of sealing over an area large
encugh to function despite some surface irregularities. A
screen is one form of absclute upper limit, size cut-off
device. However, it 1s critically important not to blind
the screen and produce deleterious pressure drop conditions.
An effective method is to introduce upstream settling and
impingement devices using gravimetric and aerodynamic
prinicples to reduce the particulate loading reaching and/or

'staying on the screen.

The above approach using inertial separation with a
final screen is one currently used by manufacturers of
water-heater controls intended for LP Gas service. Just as
venting capability requirements in a specific appliance
standard must be complementary with ANSI Z223.1 vent system
standards, so must a sediment trap standard be complementary

4 meme = o ——
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with a concrol staandard. This suggests, zkea, :thac che
control scandard aust nave a dafined lavel o concamizacion
chat the control musc tolerate. Once chat is defized a
sediment trap standard can be established. One componenc of
the trap staandard would be an absoluce size cut off above a
csrtain size range. A second componeat of the sedizent crap
standard codld define aa efiiciency of removal for macerial
above :hé: size range inz a2 manner to prevent axcessive
loading of a f£inal trappiag or filteriang elameac. In arder
to accomplish this, recogniziag inartial separacion may be
used, it waould be crucial to specify the densicy and
particle size discribuction (noc just limics) of che
cantaminant material fatroduced in the tesc gas scream.
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APFENDIX “G*

Rerivation of Safety—-Relief Flow Capacity
Formula For Liquefied Petroleum Gases

Compressed GCas Association Standard CBA S-1.2 states
the capacity raquirement for LPG follows the formula

— Qa= GuAc.e=
- wnare o= Flow Capacity in ft>/min Air
Gu= 53.6 for LFPG

A = Qutside Surface Arsa of Coantainer
in square feet

Gutany gas)=(&433,300/L0C) (ZT/M) 27=, Hence
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The general farmula is _

633, 000 / ol 0.72
—— A
% T M.

A = Total cutside surfaces area of tank in square feet

i.‘.n.l

where

€ = Gas constant which is a funczicn of the Tatio of

specific heats (k). £ +J20 #é(f:_,. £

&=/
s Latent heat of gas az flowing condisions (3zu/lb)

a) v

4, = Required flow capacity ia #23/ain of air as standard
- conditions defined as 14,7 1b/in’ absolute and 6G°F (520°R)
M a Molecular weizht of gzas
7 = Temperaturs in degrees Rankine (*R) of gas at flowiag
eonditions

Z « (Compressibility facsor at flowing csnditions
axzﬁ:ininz the theoretical basis for this formula, the equation

for weight flow of vaper through an orifice given sanic flow canditionsg--
predominant conditions duxing the period of interest.-is

= /] M
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where

H& = Weight flow in lb/h of gas
X = Coefficient of discharge (dimensionless)
€ = Discharge ares in inz

« ‘Upstream pressufe in 1b/in® absolute
Other variables as previcusly defined.

Vaporization rate of a liquid in response to a thermal load may be
described by Equation (3). ’

g4’
W,* (3)

H

where

g = Unit hest flux in Btu/h £t°
A

4

= Effective heat transfer area in ft2

Equating (2) and (3) gives the relationship for orifice size at P&T
to relieve at the vapor generation rate, Following through conversion stsps,
one arrives at the equivalent flow capacity of air (qt)'at S.T.P.

Conditions: constant flow area , weight flow of any gas at PET

Convert to weight flow of air at @ and standard 7

. / Meiye
%r,- = c‘r" Kﬂ- P 53"' Tﬂ

Wy ¢ KeP [H
T

M= 2097 C. = s (4=0v) 2. 27
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Wasm= We x 306 x 20,970373 x (Q)3/= x (T)2/= -
B - (m1/2 t . (S20°R) +7= -

(4 -
Nasm= 84 gy (ZT/M) 2rm ) -

-
c

caEnvert to volumetric flow of air .

Qu(iST)= Wasm(lRm x 1 (lh mole) x_1 (hHe) 379.4 ££3 air @ 14.7 psia % &40F
(min) the) 28,97  (1b) _ &0 _(mim) lb/mole :
OF . Ga® 0.2183 Wa.. -
substituting in (4) =
-
Qa= 18.34 Wy (ZT/M)2/= (3 .-
]

Substituting equation (3) in (&) gives . )

Ca=18.34 q (ZT/M):-a A’ Smneral capacity formula (8)

for any thermal flux (vaper)

— - — - — -




Qa(£83) ™ Wasrm(lba) x 1 (1D mole) x_L
(@in) (thr)  28.97 b)) _ &0 (ain) lb/mole

Hasw= Wy x T4 x (28,97)3178 x (zg)3sm x (T)rs=
' ‘ S M 1/2 1. (S20°R) +v=

(4)

Wasm= 84 (ZT/M) ss

LIS
c

convert to volumetric flow of air

cr © Ga=m 00,2183 Wasr~
substituting in (4)

Ga= 18.34 Wy (ZT/M)s/a (33

(-]
Substituting equatien (3) in (5) gives
Ca=18.334 q (ZT/M)2- = A’ ganeral capacity formula (8)

for any thermal flux (vapar)

— —— - ——

(he) 379.4 $53 air @ 14.7 psia %

,_(,O

&GCF

- ¢ e e T—— . . =6 - W . A AN —— P —E—— . A — - . -




f

3

]

.

Comparing again with Equation (1), we may determine the
empirical value utilized in the sizing formula, namely the

value of the total thermal flux (H)=-=the product of q A’

G=633.000 = 34,500 Btu/hrft=
18.34

A‘=AS-82 fp=

and H= IT4,500 A®-83 hiu/hr
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The area of the tank exposed to firsa and effactive ia
heat transfer of tie contants is assumed by t=Re foraula co
be related to vessal size. Thus, the exponent 0.82
represents a regression coamputatioa from axperimental daca
(ref. 19). . Uafortunatley daca vas used f{roa a zumber of
tests vhere tha ares exposad was fixcd”by the particular

tast conditions, and therefore inapprepriace for
20

inclusion. Evaluation of experimencal data since adopticn
of the CGA formula based on pre-~1951 data support this
Einding.zl'zz

The net effac: of the current forzmula is co
progressively undersize ralief capacicy witch larger vessels i
exposed to saveres fire. However, unprotected vessels will y
tead to fail structurally from fire exposure to uawvected
syrfaces, anyvay. Vessels exposed to lass sevare Zfiras -‘i
requirs less relief capacity. Therefore, altaough :he
formula {3 based on a faulty premise and treatzent of daca,
the effesct of the error is savere only in some cases.

Y
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