
. ' . ·., .. : .. . 

. . ·Determinaiio~ -~of'.; 
Usage Patterns :anc;t ._EmiSSJori$ :·,of~: 
· - · ·propane/LPG ·. in_CaUfo·rnic:(_· 

. . . . . 





REPORT DOCUMENTATION PAGE 

2. REPORT DATE REPORT TYPE ANO DATES COVERED 1. AGENCY USE ONLY (Lsavs Blank) , 3. 

PB93223121 May 1992 I Final Report 

4. TITLE AND SUBTITLE 

Determination of Usage Patterns and Emissions for Propane/LPG in California 

6. AUTHOA(S) 

Michael Sullivan 

7. PERFORMING ORGANIZATION NAME(S) ANO ADORESS(ES) 

Freeman, Sullivan & Co. 
131 Steuart St., #520 
San Francisco, CA 94105 

Systems Applications International 
101 Lucas Valley Rd. 
San Rafael, CA 94903 

5. FUNDING NUMBERS 

A032-092 

8. PERFORMING ORGANIZATION 
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 

California Air Resources Board 
Research Division 
2020 L Street 
Sacramento, CA 95814 

10. SPONSORING/MONITORING AGENCY 
REPORT NUMBER 

ARB/R-93/473 

~ 

11. SUPPLEMENTARY NOTES 

12a. DISTRIBUTION/AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE 

Release unlimited. Available from National Technical Information Service. 
5285 Port Royal Road 
Springfield, VA 22161 

13. ABSTRACT (Maximum200 Words) 

The purpose of this study was to determine California usage patterns of Liquified Petroleum Gas (LPG), and to estimate 
propane emissions resulting from LPG transfer operations statewide, and by county and air basin. This study is the first 
attempt to quantify LPG transfer emissions for California. This was accomplished by analyzing data from a telephone 
survey of California businesses that use LPG, by extracting information from existing databases, and by using information 
provided by the Western Liquid Gas Association (WLGA) and the National Petroleum Gas Association (NPGA). This data 
and information were used to formulate an emissions model for six significant LPG use-categories: agriculture, 
commercial , engine fuel applications, industrial, residential, and LPG distributors. Usage patterns and related emissions 
were estimated for each of the 58 counties and 14 air basins in the state. Total transfer emissions for 1991 were 
estimated to be 3.11 tons per day (1,131 tons per year) , or about 464,000 gallons of LPG emitted out of a total of 722 
million gallons of LPG transferred. 

14. SUBJECT TERMS 15. NUMBER OF PAGES 

Liquified Petroleum Gas, LPG, Propane, transfer emissions 68 
16. PRICE CODE 

17. SECURITY CLASSIFICA
OF REPORT 

Unclassified 

TION 18. SECURITY CLASSIFICA
OF THIS PAGE 

Unclassified 

TION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRAC
OFASSTRACT 

Unlimited 
Unclassified 

vAHc· HU version 1vrg. ;;,-,...,, 01 r euer.., .:.,anuar□ r-orm ,c:,o \H0 V. 

T 

~ -o :,_ 





:

DETERMINATION OF USAGE PATTERNS AND EMISSIONS 
FOR PROPANE/LPG IN CALIFORNIA 

Final Report 
Contract No. A032-092 

Prepared for: P.:> ,·._·r .:·. 
S.~CR/;.\~L;\·:-~=, Ch

Research Division 
California Air Resources Board 

2020 L Street 
Sacramento, CA 95814 

Submitted by: 

Freeman, Sullivan & Co. 
131 Steuart Street 

Suite 520 
San Francisco, CA 94105 

and 

Systems Applications International 
101 Lucas Valley Road 
San Rafael, CA 94903 

Prepared by: 

Michael Sullivan 
Principal Investigator 

MAY1992 



. .. 



ABSTRACT 

The purpose of this study was to determine the usage patterns of Uquified 
Petroleum Gas (LPG) and to estimate propane emissions resulting from LPG 
transfer operations for the entire state of California, and then for each of its 
counties and Air Basins. The importance of this study is that this is the first 
attempt to quantify LPG transfer emissions for California. No similar estimates 
exist in any prior government-sponsored or private industry research. 

Freeman, Sullivan & Co. (FSC) and Systems Applications International 
(SAi) estimated state-wide propane emissions in three ways: by analyzing data 
collected through a telephone survey of businesses using LPG in California, by 
extracting information from existing data bases, and by using information 
provided by the Western Liquid Gas Association (WLGA), and the National 
Petroleum Gas Association (NPGA). These data and information contributed to 
the formulation of an emissions model which was used to calculate propane 
emissions for six significant LPG use-categories: 

o Agricultural; 
o Commercial; 
a Engine Fuel Applications; 
a Industrial; 
o Residential; and 
o LPG Distributors. 

Usage patterns and related emissions were then estimated for each of the 58 
counties and the 14 Air Basins in the state. 

Results of this study concluded that the total estimated emissions for 1991 
due to LPG transfers to be 1,131 tons per year (3.11 tons per day). The source 
distribution of this total amount among the six LPG-use categories is: industrial 
users, 456.3 tons per year; engine fuel use, 214.1 tons per year; residential use, 
198.7 tons per year; distributors, 180.2 tons per year; agricultural use, 42.3 tons 
per year; and commercial use, 39.9 tons per year. The Air Basins with the largest 
emissions were South Coast at 345.5 tons per year (30.5% of total), San 
Francisco at 209.9 tons (18.6% of total), San Joaquin Valley at 146.9 tons (13% of 
total), and Southeast Desert at 144.9 tons per year (10.2% of total). The other Air 
Basins accounted for 314.4 tons per year (27. 7% of total). 

The 1,131 tons per year represents approximately 464,000 gallons of LPG. 
This is 0.064% of the 722 million gallons of LPG transferred in California last year. 

These emissions should be viewed in light of propane's relatively low ozone 
forming ability (compared to other organic emissions) and the fact that there is 
virtually no likelihood of human toxic effects in outdoor atmospheric 
concentrations. 

Outage/bleeder vapor valve emissions were found to have as much 
significance as filling line disconnect emissions. It is recommended that when 
filling LPG containers, safe alternatives which do not rely on the outage/bleeder 
valve should be used. 
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Section 1 
Summary and Conclusions 

This study was designed to identify existing Liquid Petroleum Gas (LPG) 
usage patterns in California and then, based on these patterns, estimate the 
quantity of emissions associated with LPG transfers. The importance of this study 
is that it is the first attempt to quantify LPG transfer emissions for California. No 
similar estimates exist in any prior government-sponsored or private industry 
research. This study presents estimates of LPG transfer emissions by county and 
Air Basin. 

Data from the National Petroleum Gas Association (NPGA) regarding state
wide LPG usage provided the foundation for the emission estimates. The NPGA 
data were used to approximate state-wide LPG use for five broad categories: 
agricultural, commercial, engine fuel, industrial, and residential use. All category 
usages were split into urban and rural components. A sixth category, LPG 
distributors, was created to estimate the transfer emissions due to the distribution 
of LPG to end-users. 

Cylinder and vehicle usage estimations were made based on a 
combination of NPGA data, information from the Western Liquid Gas Association 
(WLGA) and survey data that were collected as a part of this study. The survey 
was conducted by telephone during July-September in 1991. Interviewed in this 
survey was a stratified, random sample of 338 urban and rural businesses who 
either transferred LPG (as end-users) or who distributed LPG to end-users. 
These businesses were surveyed on both the transfer equipment they used and 
the volume and frequency of LPG transfers they made. 

The outage/bleeder vapor valve and the nozzle disconnection subsequent 
to filling are known to be the two main sources of LPG transfer emissions. Outage 
valve emissions, based on the survey, were found to have as much significance 
as disconnect emissions. To estimate outage valve emissions, an equation was 
derived to compute the amount of propane released, given the amount of time the 
valve was open. Since, as found in the survey, the outage valve was not always 
used, an appropriate outage valve usage factor was determined for each type of 
transfer. Disconnect emission factors were generated for each transfer operation 
based on the survey findings and information supplied by the WLGA regarding 
equipment most likely to be used for that operation. 

Using emission factors for outage valve usage and equipment 
disconnections, a propane emission amount per transfer was generated for each 
type of transfer (e.g., bulk transfers, small storage tanks, motor vehicles, etc.). 
Total emissions were determined for each transfer operation by multiplying the 
total number of transfers per operation by the amount of propane emissions per 
transfer. 

State-wide emissions due to LPG transfers during 1991 have been 
calculated to be 1,131 tons per year. Emissions by use-category were highest 
among industrial users at 456.3 tons per year, followed by engine fuel use at 
214.1 tons per year, residential use at 198.7 tons per year, distributors at 180.2 
tons per year, agricultural use at 42.3 tons per year and finally commercial use at 
39.9 tons per year. 
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The 1,131 tons per year represents approximately 464,000 gallons of LPG. 
This is 0.064% of the 722 million gallons of LPG transferred in California last year. 
The percentage of LPG transferred resulting in emissions is virtually identical for 
all urban and rural operations within each use-category. Across use-categories 
this percent emitted ranges from 0.044% to 0.057% with the exception of the 
Engme Fuel category as the highest with 0.1 0 1 %. 

The Air Basins with the highest propane emissions and accounting for 
72.3% of total emissions are South Coast at 345.5 tons per year (30.5% of total), 
San Francisco at 209.9 tons per year (18.6% of total), San Joaquin Valley at 146.9 
tons per year (13% of total), and Southeast Desert at 144.9 tons per year (10.2% 
of total). The other Air Basins accounted for 314.4 tons per year which is 27.7% 
of the total amount. 

Assumptions regarding how the NPGA annual usage figures are 
distributed within categories for cylinder and motor vehicle use are critical to this 
study's estimates. Any changes in cylinder and vehicle use within a category 
would change the emissions estimates proportionately. For example, if rural 
agricultural cylinder usage is doubled, the emissions due to that source will also 
double. Since the overall industrial-use category represents approximately 40% 
of total emissions with industrial cylinders alone representing 17.5 percent, any 
increase or decrease in industrial cylinder use will change emissions estimates for 
the entire state. If possible, a further examination of industrial uses would obtain a 
more accurate picture of LPG applications and resulting emissions. 

The model assumes that all LPG is delivered to end-users by the 
distributors. Since it is most likely that some unknown percentage of LPG does 
not pass through the traditional distribution system, actual distributor emissions 
may be less than determined in this study. Given the available data, it was not 
possible to estimate how much less distributor emissions would be reduced. 
However, this over-estimation of distributor emissions may be offset by the fact 
that emissions from non-standard procedures and/or equipment leakages have 
also not been included in the model. If a large proportion of operators do not 
adhere to standard operating procedures when making LPG transfers, emissions 
could be worse. 

These estimated emissions should be viewed with regard to propane's 
ozone forming ability and potential toxic effects. The propane molecule is one of 
the common paraffins with lower than normal ozone-forming reactivity. 
Approximately 0.48 grams of ozone are produced per gram of propane emitted. 
This is equivalent to propane being less than half as reactive as the average 
paraffin. Paraffins, as a group, account for less than 25% of the total ozone 
formation potential from all organic emissions. With regard to toxicity, hazards 
due to propane are confined to settings with high concentrations of propane gas. 
However, in outdoor settings and in concentrations that are predicted by this 
model, no long-term human effects are likely. 

It appears that emissions reductions can be achieved through reduced use 
of the outage valve and an increased use of low emissions transfer equipment. 
Since LPG transfer procedures can vary greatly depending on equipment, 
operator knowledge and experience, only methods for safe, low emission transfer 
of LPG should be encouraged. 
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Section 2 
Recommendations 

It is recommended that when filling LPG containers, safe alternatives which 
do not rely on the outage/bleeder valve should be used. This could achieve 
significant reductions in LPG transfer emissions. Two possible alternatives 
(should they be proven safe) are: 

o the use of containers equipped with an "automatic stop-fill" 
device that would prevent the user from overfilling; and 

o the use of either "weight when filled" or "volume when filled· 
measurement techniques. 

Further emissions reductions may also be achieved through the use of 
low-emission transfer equipment such as the "quick-acting shutoff/quick
disconnect" type nozzles for bobtail truck, cylinder or motor vehicle transfers. 

Section 3 
Project Overview 

A. Background 

From 1982 to 1988 sales of Liquified Petroleum Gas (LPG) in California 
increased annually by approximately 5%. Sales are expected to reach 837 million 
gallons by 1998. LPG is increasingly used because it is a versatile source of 
energy, portable and easily controlled. LPG, derived from petroleum products 
and sold in liquified form, is comprised mostly of propane but can also include 
some butane. 

LPG is used in residential settings as a fuel to cook food (especially for 
barbecues), dry clothes and heat water. Commercial establishments, such as 
hotels and restaurants, use LPG in a similar fashion as residential users. 

In agricultural applications, the use of LPG ranges from drying crops to 
powering farm equipment such as tractors, pumps and standby generators. LPG 
has a wide variety of applications in industrial processes where it is commonly 
used as a fuel for soldering, cutting and heat treating. LPG is also an alternative 
vehicle fuel for modified internal combustion engines. Such engines are 
increasingly and widely used to power fork-lift trucks and for powering fleets of 
city buses, delivery trucks and taxis. 

The distribution of LPG involves several modes of transportation such as 
trucks and rail cars of varying sizes. LPG is transported from very large refinery 
storage tanks to the large and intermediate-sized storage tanks of wholesalers 
and large commercial users where it is held for further distribution. Although large 
wholesalers may deliver LPG directly to some high-volume users, it is usually 
transported by these wholesalers to smaller local distributors for retail sale 
through service stations and other LPG suppliers. 
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Given the increased distribution and usage of LPG, the California Air 
Resources Board (ARB) recognizes the enormous number of times that LPG is 
transferred (moved from large tanks to smaller tanks). Each transfer of LPG 
results in the release of small but quantifiable amounts of LPG vapor and/or liquid 
into the atmosphere. The quantity released, differs substantially depending upon 
the type of equipment used, the duration of the transfer operation and the 
frequency of connects-disconnects required per transfer. The ARB has 
requested that this study identify existing state-wide LPG usage patterns and 
then, based on these patterns, estimate the quantity of emissions associated with 
LPG transfers. 

B. Purpose and Objectives 

The purpose of this study was to determine state-wide Liquid Petroleum 
Gas (LPG) usage patterns and LPG emissions resulting from transfer operations. 
Usage and emissions estimates were to be made for each county and for each Air 
Basin in California. (Note: This study addressed only the emissions associated 
with the distribution or transfer of LPG taking place after the production phase 
was completed.) 

The study objectives were: 

o to determine the volume and number of transfers of LPG by user 
type (herein called "use-category") in the State of California; 

o to determine the types of equipment used for LPG transfer and 
storage by use-category; 

o to estimate emission factors by county and air basin for the various 
types of activities that result in non-combustible emissions 
associated with LPG usage and transfer; and 

o to estimate emissions released into the atmosphere during LPG 
transfer and usage. 

C. Theoretical Approach 

In order to determine the state-wide LPG usage patterns and estimate 
resulting propane emissions, a multi-step process was employed. The first step 
involved a review of existing data reports provided by the Western Liquid Gas 
Association (WLGA) and several major LPG distributors. The purpose of this step 
was to identify the significant LPG use-categories in California and to locate the 
total volume of LPG used by each of these categories. 
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Based on this work, six "use-categories" were identified. Five use
categories consisted of LPG end-users and the sixth was made up of LPG 
distributors. The five end-user categories were: 

1 Agricultural; 
2 Commercial; 
3 Engine Fuel Applications; 
4 Industrial; and 
5 Residential. 

The sixth use-category, LPG distributors, was singularly significant 
because distributors were in the business of transferring LPG to other distributors 
and to LPG end-users. 

The underlying theoretical approach to this study was that state-wide 
emission estimates can be made using data collected from a sample of LPG end
users and distributors in California for four of the six use-categories: Agricultural, 
Engine Fuel (fleets), Industrial and Distributors. Data for the residential and 
commercial use-categories were obtained from the 1990 Residential Appliance 
Saturation Survey (RASS). These 1990 RASS data were made available from the 
California Energy Commission (CEC). Although these RASS data were entirely 
residential findings, they were used to make estimates for the commercial use
category. 

Using the above data sources, LPG usage patterns were constructed for 
each of the use-categories. Based on the number of transfers, related emissions 
were theoretically determined and estimates calculated by use-category, by 
county and by air basin. 

In summary, data for this study were obtained from: 

o a telephone survey on state-wide LPG use and transfer practices; 

o the 1990 RASS data for residential usage and commercial 
estimates; and 

o a review of existing LPG industry reports for California data and 
other pertinent information. 

Alf the data from the telephone survey and from AASS were identified with 
their urban or rural county location. Collecting the data (telephone survey) or 
separating the data (RASS) by urban and rural designations provided the basis 
for making the county and air basin estimates in this study. 

D. Limitations of Study 

Estimation models, by definition, are built on a number of assumptions and 
commonly used surrogate data to produce results. These assumptions are 
specified in Section 4 where the methodology underlying this study's usage and 
emissions model is described. An expanded discussion of the model's 
uncertainties appears in Section 6 of this report. 
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The sampling frame for the field survey was limited to the available 
Standard Industrial Classification (SIC) code data base maintained by Dun and 
Bradstreet (D&B). A major assumption was that the D&B data base reflected the 
population of LPG end-users and distributors in California. In fact, it was a fairly 
good assumption that the large and significant LPG end-users and distributors 
were represented in this data base. Many smaller firms, however, may have been 
absent. In selecting the sample, only the primary SIC code for a business was 
used. Businesses with secondary or tertiary SIC codes which might have 
qualified as either end-users or distributors were not included. 

No single data base was directly available to FSC and SAi as a 
comprehensive sampling frame for large motor vehicle fleets using LPG engines. 
To make estimates for motor vehicle fleets for the engine fuel use-category, three 
sources of data were utilized: 

1. data were obtained through the telephone survey from a random 
sample of firms for two SIC codes from the D&B sampling frame 
(see Section 4, Methodology); 

2. a non-random or ·convenience" sample of large fleet operators was 
obtained from major LPG distributors to augment the telephone 
survey data (the data for the random and non-random samples 
were kept separate and are reported separately in this study); and 

3. although it was not possible to directly access information from the 
Department of Motor Vehicles (OMV), staff at the ARB were able to 
obtain from the OMV frequency counts of registered LPG-fueled 
vehicles by county. The ARB provided to FSC and SAi a report of 
these counts for use in this study. 

Section 4 
Methodology 

This section is divided into two parts. Part 1 addresses the data collection 
procedures and Part 2 addresses the LPG usage and emissions model. 

Part 1 
Data Collection 

Data collection for this study consisted of: 

o a state-wide telephone survey to obtain original data; and 

o the use of pre-existing data from other surveys or data 
bases. 
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Telephone Survey 

The emissions model and the related objective to develop an inventory of 
storage and transfer equipment required information about LPG end-users and 
distributors in California. An original survey was designed and conducted for the 
agricultural, industrial, engine fuel and distributor use-categories. (Sufficient 
information was available in the 1990 RASS data base to calculate estimates for 
both the residential and commercial use-categories.) 

Survey Sampling Frame 

The sampling frame for this survey consisted of the Dun & Bradstreet 
(D&B) data base of California businesses identified by their primary Standard 
Industrial Classification (SIC) codes. The use-categories selected were based on 
published reports and information from LPG industry contacts. The 4-digit SIC 
codes for inclusion in this survey by use-category were as follows: 

Use-Category SIC Code and Business Description 

Agricultural 0711 
0721 
0722 
0723 
0724 

Soil Preparation Service 
Crop Planting, Cultivating, Protecting 
Crop Harvesting (by machine) 
Crop Preparation for Market 
Cotton Ginning 

Industrial 2911 
1761 
3312 
3441 
3443 
3444 

Petroleum Refining 
Rooting, Siding, and Sheet Metal Work 
Steel Work, Blast Furnaces 
Fabricated Structural Metal 
Fabricated Plate Work 
Sheet Metal 

Distributors 5171 
5172 
5984 

Petroleum Bulk Stations and Terminals 
Petrol & Petrol Product Wholesalers 
LPG (bottled gas) dealers 

Engine Fuel 4225 
4226 

General Warehousing and Storage 
Special Warehousing and Storage 

The Agricultural use-category contained all the SIC codes listed under soil 
preparation and crop services. The Industrial use-category, as reported by the 
National Petroleum Gas Association (NPGA), included LPG sold to manufacturing 
facilities for standby fuel, space heating, flame cutting, metallurgical furnaces, etc. 
It also included LPG sold to refineries for fuel use, therefore, petroleum refiners 
were listed under this category. Codes 34xx, "fabricated metal products," were 
chosen because the type of work involved in this category most closely matched 
LPG-related uses and processes. The roofing SIC code (1761) was chosen 
because roofers used LPG to heat tar and other materials, and to do sheet metal 
work. For Distributors, the SIC codes listed were all those that could possibly 
involve the distribution of LPG. Finally, the Engine Fuel use-category, according 
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to the NPGA, consisted of SIC codes which identified a significant proportion of 
fork-lift and highway vehicle fleets. (The NPGA use-categories and descriptions 
can be found in Appendix A.) 

Urban/Rural Counties 

The businesses for the use-category SIC codes had county location 
specified in the D&B data base. The 58 counties in California were divided into 17 
urban counties and 41 rural counties. The urban/rural distinction was based on 
population density and, to a lesser extent, the total population for the county. 
Using 1986 population data from the "1988 County and City Data Book," counties 
consisting of 150 persons or more per square mile and/or populations exceeding 
500,000 persons were classified as urban -- all others were classified as rural. A 
list of these urban and rural counties can be found in Appendix B. 

Available Sample 

The maximum available sample in the D&B data base for 15 of the 16 SIC 
codes is shown in Table 1. Since there were only 31 refineries in California (SIC 
code 2911) all 31 refineries (23 urban and 8 rural) were entered in the sample. 

Table 1. Number of Businesses by SIC Code in 
Urban and Rural Counties within Use-Categories 

Use-Category SIC Code No. Urban No. Rural 

Agricultural 0711 
072x 

87 
635 

93 
1653 

Industrial 2911 
1761 
3312 
3441 
3443 
3444 

23 
2536 

153 
300 
195 
740 

8 
651 
39 
96 
46 

102 

Distributors 5171 
5172 
5984 

110 
515 
160 

160 
267 
171 

Engine Fuel 4225 
4226 

2287 
355 

551 
81 

Totals 8136 3931 
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Sample Size 

The sample design used for the field survey had eight cells -- four use
categories for urban and four use-categories for rural. A calculated sample size 
of 50 interviews per cell provides an approximate plus or minus 12% level of 
precision (90% confidence) on resulting estimates within each cell. This improved 
to 8.5% for a use-category when the urban and rural data were combined (90% 
confidence). 

When the survey was originally planned, it was anticipated that a LPG 
vehicle fleet data base (more precise than the D&B data base) would be available 
to target large highway fleets. For this reason only 25 interviews per cell were 
planned using the D&B sampling frame; these were to be augmented to a full 50 
per cell if and when a more fleet-specific data base could be found. 

Unfortunately, a superior LPG vehicle fleet data base was not available for 
sampling purposes. Instead, lists of major fleet operators were volunteered by 
some LPG distributors. These lists were used to obtain information from 21 urban 
businesses with vehicle fleets . Since customer lists are not random samples, the 
data could not be combined with the D&B random sample. The information was 
used, however, to provide further insight into fleet usage patterns. (Transfer 
equipment for this group is reported separately in this report under the heading 
"non-random fleet.") 

The ARB was aware of this problem and eventually succeeded in obtaining 
information from the Department of Motor Vehicles on the distribution of 
registered LPG vehicles by county. A report consisting solely of the number of 
LPG vehicles by county was given to FSC/ SAI by the ARB. This study's Engine 
Fuel use-category data were adjusted to reflect this OMV information. 

Weighting 

The final results were weighted to reflect the proportional distribution of 
businesses by SIC code within category. The formula used was: 

[p .. * S ·]/S..IJ .J IJ 

where: 

p.. 
I) = the natural proportion of SIC code businesses (i) 

within a given urban or rural use-category (j). 

S·.J = the final urban or rural sample number for an entire 
use-category (j). 

and: 

S··IJ 
= the final urban or rural sample for a given SIC code (i) 

and use-category (j). 
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The actual weights used for urban and rural data are shown in Appendix C 
and designated as "weight." When urban and rural data were combined it was 
done for an entire use-category only using within category weighted data. The 
formula used to weight urban and rural data in order to combine results was: 

where: 

Suj = the urban sample for a use-category (j)

Srj = the rural sample for a use-category (i). 

Nuj = the total available number of urban SIC codes for a 
given use-category (j). 

and: 

Nrj = the total available number of rural SIC codes for a 
given use-category (j)-

Questionnaire 

The ARB LPG Usage Study Questionnaire for the field survey was 
developed to capture information necessary to meet the needs of the emissions 
model and to establish an inventory of transfer equipment. In order to make the 
content most relevant and have it reflect the operating terminology and situations 
existing in the real world, site visits to marketers and contacts with LPG users and 
distributors were conducted to verify the content and scope of the questions. 
Two large-scale industrial bulk plants and one smaller plant serving rural 
customers were visited. Various transfer and storage operations were observed 
and equipment such as nozzles, couplings, valves, etc., were examined. 

Additionally, a preliminary set of questions and a list of "most widely used" 
LPG transfer equipment was reviewed at a Western Liquid Gas Association 
(WLGA) board meeting in June 1991. Input from this group as well as from 
experts with the National Propane Gas Association; American Petroleum Institute; 
Material Handling Equipment Distributors Association, and the Industrial Truck 
Association resulted in significant improvements. 

A telephone survey field test of the questionnaire was carried out between 
June 24 - 27, 1991. This resulted in further revisions and improvements to the 
questionnaire. Areas that were strengthened related to bobtail truck transfers and 
LPG powered vehicles. 

Data collection began on July 31 , 1991. After two weeks of interviews it 
became apparent that questions about the use of a bleeder valve when filling 
tanks was not working as well as it did in the original field test. Also, the 
terminology and screening questions regarding small storage tanks versus 
screw-on cylinders for vehicles needed modification to capture more and better 
data. Given the wide variety of situations encountered and the fact that there was 
no precedent for this type of suNey, these problems were not unusual. After 281 
contacts looking for end-users and distributors of LPG, adjustments to the 
questionnaire were made and the survey continued successfully for the remaining 
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1,017 contacts. A total of 1,298 firms were surveyed yielding usage and inventory 
interviews from 338 end-users and distributors of LPG. A copy of the survey 
questionnaire is in Appendix D. 

Non-Random Fleets 

A list of 29 LPG-fueled vehicle fleet operators was obtained from major LPG 
distributors and the South Coast Air Quality Management District. All 29 LPG
fueled vehicle fleet operators were contacted and 21 of these operators (all in 
urban counties) were interviewed. 

Residential Data 

Data tapes were obtained from the California Energy Commission for the 
1990 Residential Appliance Saturation Survey for the entire state. These data 
tapes were analyzed and results were obtained for the estimated percent of 
dwellings using any LPG for heating. The results were factored into the emissions 
model and used as a surrogate for the commercial use-category. Results for 
each county are in Appendix E. 

Part 2 
LPG Usage and Emissions Model 

Formulation 

The LPG usage and emissions model formulated in this study relied on 
state-wide LPG usage data supplied by the National Propane Gas Association 
(NPGA). The model used a variety of inputs to break down the state-wide use of 
each of five use-categories: Agriculture, Commercial, Engine Fuel, lndustrial and 
Residential. In order to simplify the model, it was necessary to make several 
assumptions. Each of the assumptions, calculations and procedures used in this 
study are described in this section. 

The following keys were used as a guide to the source of information or 
basis of the assumption for the calculations (transfers and calculated emissions) 
in Tables 3a - 3f in Section 5 (Results) of this report. 

Key to Codes in the Use-Category Tables 

A Model assumption 
AN Model assumption using NPGA data 
AS Model assumption based on survey data 
AW Model assumption based on input from the WLGA 
DN Distribution of urban/rural SIC code used to disaggregate NPGA data 
ES Engineering factor using survey data 
EW Engineering factor using information supplied by the WLGA 
M Mathematical calculation based on other information in the table 
MW Mathematical calculation based on information supplied by the WLGA 
S Statistic taken directly from the survey data 

California PJr Resources Board - Determination of Usage Patterns and Emissions for Propane/LPG in California 

Contract Number A032-092 - Final Report - May 1992 

PAGE 16 



Annual LPG Usage 

The annual usage figures were taken from the 1989 NPGA data given for 
specific categories (see Appendix A for NPGA use-category descriptions). 
Agriculture, Industrial and Engine Fuel usage was split into urban and rural 
components in the same proportion as the distribution of SIC codes for each 
category between urban and rural counties. 

Because the NPGA combined commercial and residential usage into one 
figure, Energy Information Administration data regarding the usage of several 
liquid petroleum gases was utilized to distribute values between commercial and 
residential use. The RASS data of total number of household users in urban and 
rural counties was used to allocate both commercial and residential usage into 
their urban and rural components. 

Urban and rural distributor usages were determined by combining the 
urban and rural components of the five use-categories. 

Percentage of Annual Usage 

The distribution of SIC codes for each category between urban and rural 
counties served as a surrogate of the population of each category and was used 
to determine the distribution of LPG use between urban and rural counties. In this 
study, it was assumed that all LPG used in California was transferred from 
transport trucks to bulk storage tanks, to bobtail trucks, to small storage tanks. 
Cylinder and vehicle usage estimates were made based on the category 
descriptions provided by the NPGA and survey responses. 

LPG Storage Tanks 

As reported by the WLGA the standard transport truck size is 8,000 
gallons. The sizes of bulk storage tanks, bobtail trucks and small storage tanks 
were determined from responses given in the survey. Residential small storage 
tank size, vehicle tank size and cylinder size were estimated based on information 
supplied by the WLGA. Survey data were used to check the accuracy of the 
vehicle and cylinder sizes. Commercial storage tanks were estimated to be twice 
as large as residential storage tanks. 

Fill Factor 

Standard safety procedures require that LPG containers be filled to 80% 
capacity 01'/LGA personal communication). It was assumed that transport trucks 
and cylinders are always empty when filled, while bobtail trucks, small storage 
tanks and vehicles were 20% full at the time of transfer. Therefore, empty 
containers were assigned a fill factor of 0.8. Partially full containers were assigned 
a fill factor of 0.6. Bulk storage tanks were assumed to receive an entire transport 
truck load. 
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LPG Transfer Quantity 

In all cases, except for bulk storage tanks, the quantity of LPG transferred 
was equal to the fill factor multiplied by the container size. Bulk storage tanks 
received 100% of the transport truck load of 8,000 gallons. 

Transfer Frequency 

The number of transfers per year was determined by dividing the annual 
usage by the fill size. 

Transfer Duration 

The following filling rates, supplied by the WLGA, were used for estimating 
the duration of time to fill each storage tank class: 

Transport truck/bulk storage tank 350.0 gallons/ minute 
Bobtail truck 80.0 gallons/ minute 
Small storage tank 60.0 gallons/minute 
Cylinder 13.7 gallons/ minute 
Motor vehicle tank 36.9 gallons/ minute 

Disconnect Emission Factor 

Current technology requires a small volume of space between the seal on 
the hose from the transfer storage tank to the receptacle on the receiving storage 
tank. For bulk LPG transfer operations, the disconnect emission factor was 
assumed to be equal to the amount of LPG contained in a "globe valve" (the most 
common type of valve in use based on WLGA information). The formula used 
was as follows: 

Propane emissions/ transfer = gv * pd = 134.5g 

where: 

gv = volume released from a globe valve = 14.02 cu.in. 

pd = propane density = 9.59 g per cubic inch 

For transfers to small storage tanks, cylinders and vehicles, survey data 
were used to determine the types of equipment used for transfer. From the 
survey it was determined that a "quick-acting shut-off nozzle" was used 
approximately 40% of the time, and an "extended safety filler coupling" was used 
approximately 60% of the time or served as a good surrogate for similar transfer 
coupling equipment. Furthermore, it was found that an adaptor was used in 
addition to a nozzle for approximately 25% of the transfers. The formulae used 
were: 
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Volume released/transfer = (0.4 * qv) + (0.6 * efv) + (0.25 * adv) = 1.13 cu.in. 

Propane emission/transfer = 1.13 cu.in. * pd = 10.s g 

where: 

0.4 = quick acting shutoff usage frequency 
qv = volume released from a quick acting shutoff nozzle = 0.30 cu.in. 
0.6 = extended safety filler coupling usage frequency 
efv =volume released from extended safety filler coupling = 1.37 cu.in. 
0.25 = adaptor usage frequency 
adv =volume released from an adapter =0.77 cu.in. 
pd =propane density =9.59 g/cu.in. 

Outage Valve Emission Factor 

Standard safe transfer procedures require operators to use an outage 
valve (or bleeder valve) to signal the operator when the storage tank has reached 
its full level of 80%. Gas flow out of the outage valve and into the atmosphere is 
assumed to be equal to one quarter of the gas flow out of an unobstructed outlet 
(a hole) of the same size as the outage valve. This assumption is made based on 
two reasons. First, a fully open outage valve will have fewer emissions than an 
unobstructed outlet because of friction and the outage valve design. Second, 
outage valves need not be open more than half-way in order to observe the 
emission of liquid vapor. Field observations confirmed that in practice outage 
valves were rarely opened completely. 

It has also been assumed that the valve is shut off after liquid propane is 
emitted for one second. This assumption is based on observations of propane 
transfer operations, inspection of an outage valve assembly and communications 
with WLGA representatives. Because of the hazards involved with fugitive 
emissions of propane, it is reasonable and usual to expect the operator who is 
directly observing the valve to immediately close it when liquid vapor is emitted. 
This action would be part of standard operating procedures. 

Using separate mechanical engineering equations for an unobstructed 
valve, propane gas emission were determined to be 1.Sg/sec (90.7g/min), while 
liquid emissions were determined to be 5.42 grams per transfer. The following 
equation was used in the model: 

Outage Valve Emission= 0.25 *[(of* ft) + le) = [(22.68 * ft) + 1.36]g 

where: 

0.25 = outage valve flow reduction factor 
of = outage valve emission factor = 90.7 g/min 
ft = fill time (based on container size in minutes) 
le = liquid emissions of propane from the outage valve = 5.42g 
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Outage Valve Usage 

When possible, survey results were used to determine the frequency of 
outage valve use. This number was used in the annual emissions calculation and 
was a critical element in determining the final emissions estimate. 

Annual Emissions 

Annual Propane emissions =tr* [de + (cu* oe)] 

where: 

tr = LPG transfer frequency (transfers/year) 
de = disconnect emission factor (this is either 134.5g or 10.9g 

depending on the type of transfer) 
cu = outage valve usage percentage 
ft = fill time (based on container size in minutes) 
oe = outage valve emission ((22.68 * ft) + 1.36]g 

County and Air Basin Usage and Emissions 

LPG usage, transfer and emission totals were first calculated on a state
wide use-category basis. The state-wide use was then allocated to the county 
and Air Basin levels. Counties were first grouped by their urban/rural 
classification. State-wide urban/rural usage and emissions were distributed to the 
county level in one of two ways. First, for residential and commercial use
categories, totals were distributed based on RASS data that gave the number of 
households per county that used LPG. Second, for the industrial and agricultural 
categories, 1989 county census data were used to distribute the totals from the 
state level to the county level. State-wide engine fuel totals were broken down to 
the county level by incorporating OMV information on county totals of registered 
LPG vehicles. Air Basin totals were determined by combining county totals within 
each air basin. Air basins that contained counties split between them were given 
a percentage of the county total based on the area of the county in each Air 
Basin. 

LPG Transfer and Storage Equipment 

When transferring fuel to a transport truck, bulk storage tank or bobtail 
truck a "globe valve" was most often used to regulate the flow. Bobtail trucks 
typically used a "quick acting shut-off nozzle" to deliver fuel to a small storage 
tank. These nozzles minimized product loss and emissions. The survey 
determined that an "extended safety tiller coupling" was the most common 
equipment type for filling motor vehicles. The "quick acting shut-off nozzle" and 
the "7141 male and female quick disconnect fitting" were the most common types 
of nozzles used for filling of cylinders. A variety of adapters were used when more 
than one type of container was filled at one location. 

Please refer to Appendix F for information about common types of transfer 
equipment discussed. Typical container storage sizes were determined from 
survey responses and WLGA contacts. 
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Section 5 
Results 

Sample Findings 

Table 2 displays the results of the Dun & Bradstreet sample for each of the 
SIC codes. Table 2 shows that 1,298 urban and rural firms were contacted and of 
these 338 (26%) transferred and/or distributed LPG. The sample distribution of 
these firms by SIC code is shown under the column "Transfers LPG." The in
depth interviews for this study were conducted with these 338 firms. The data 
from these firms made up the sample that was used for the analyses in this study. 
The original theoretical distribution of the desired sample for data analysis is 
shown under the heading "Desired Sample." Without knowing exactly what we 
would find, the desired sample allowed us to control for representation among the 
SIC codes. Only SIC code 0711 in Urban locations turned out to have no LPG 
Transfer firms in the random sample that was drawn. This is not considered a 
problem since this tells us that LPG transfers among those urban firms is most 
likely negligible. Also shown in Table 2 is the distribution of the 960 firms which 
reported that they did not transfer and/or distribute LPG. 

Estimated LPG Usage, Transfers and Emissions 

Tables 3a-3f show the estimated urban and rural annual usage, and 
number of transfers and calculated emissions for each of the five use-categories. 
Results were given for the typical type and size of storage container for the 
respective use-category application. (See Page 16 for Key to letter codes.) 

Table 4 shows the state-wide totals for urban and rural annual usage, 
transfers and emissions. This table summarizes the five use-category totals from 
Tables 3a-3f. These summary results are displayed in Figure 1. 

County and Air Basin Estimates 

The estimates of LPG usage, transfers and emissions for each of the 58 
counties in California can be found in Table 5. 

Table 6 shows the estimates of LPG usage, transfers and emissions for the 
14 Air Basins in California. These Air Basin results are displayed in Figure 2. 
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Percent of LPG Transferred Emitted 

Table 7 presents the number of gallons of LPG used (i.e., transferred) and 
the corresponding gallons emitted as a percent of the amount used for five use
categories. Distributors are omitted because they are not technically "users" of 
LPG, however, the overall percent emitted, 0.064%, includes distributor 
emissions. Data are shown for urban and rural locations. Information in Table 7 
is based on Table 4. These percents are graphically displayed in Figure 3. 

LPG Transfer and Storage Equipment 

Tables 7a-7f show the percentages of used transfer equipment for each of 
the five use-categories and the additional non-random fleet sample. Please refer 
to Appendix F for information about common types of transfer equipment. 
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Table 2. Results of Telephone Survey by Use-Category, SIC Code nnd Location 
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Table 3a. Agricultural LPG Use: Estimated Urban and Rural Propane 
Emissions by Type of Container Transfer for 1991 

Total Estimated Propane Emissions = 42.3 tons/year 

Rural 
/I Small I 

storage Tk ~ Cylinders I 
j Vehicles I Totals 

Annual usage (gaJ) : 216E+07 DN I 6.48E+cl6 AN I 2.16E+06 IAN 2.16E+07 
% of Annual usage: 100% A 30% A I 10% A 
Container size (gal): II 550 s I 10 AS II 40 AW 
Fill factor: 0.6 A 0.8 A I 0.6 A 
Fill size (gal): I 330 M 8 M I 24 M 

Transfers/yr: 6.55i:+04 M II 8.10E+05 M I 9.01E+04 M 9.66E+05 
Approx time to fill (min): I 5.5 MW I 0.6 MWI 0.7 MW 
Disconnect emis I 

ES I ~factor (gm/filQ : I 10.9 10.9 ES 10.9 ES 
Outage valve emis 

I 126.1 IE'N EW 11 16.1 IEWfactor (gm/filQ : 14.6 
% Using outage valve: II eo.oo/dA I 75.0% s II 80.0o/d A 

Annual emissions (gm/yr): I 7.32E+06 I 1.77E+07 I 2.14E+06 271E+07 
Annual emissions (tons/yr) : I s.1 I I 1s.s I II 2.4 29.9 
% of Total emissions: II 19.1 ~ I 46.1°/4' II 5.6°~ 70.7% 

Urban II I II I II I 
Annual usage (gal): I 8.96E+06 IDN 269E+06 AN I 8.96E+05 jAN 8.96E+06 
% ot Annual usage: I 100o/dA 30% A I 10%JA 
Container size (gaQ: I sso Is II 10 AS I 

I 40 IAW 
Fiil factor: II 0.6 IA I 0.8 A II 0.6 /AI 

Fill size (gal): !I 330IM 11 8 IM II 24 IM 
1ransfers/yr: II 2.71E+04 IM I 3.36E+05 IM ii 3.73E+04 IM 4.ooE+os 

Approx time to fill (min}: :I 5.5 /MWI o.s lMWII 0.7 /~1W 
Disconnect emission 

II 10.9 IEs I 10.91 ES I! 10.9 1ESfactor (gm/iilQ : 

Outage valve emission 

II 126.1 Im I EW I 16.1 lewfactor (gm/filQ : 14.6 

% Using outage valve: II so.oo/dA II 75.0% s I 80.0o/~ A 
Annual emissions (gm/yr}: II 3.03E+06 I 11 7.33E+06 u a.a7E+05 I 1.12E+07 

Annual emissions (tons/yr): I 3.3 I II a1 II 1.0 I 12.4 

% of Total emissions: II 7.s<>J II 19.1% I 2.3~~ 29.3% 

Combined Totals II I ~ l ~ I 
Annual emissions (gm/yr): I 1.04E+07 u 2.50E+07 I H 3.03E+oo I 3.84E+07 

Annual emissions (tons/yr): I 11.4 ~ 27.6 3.3 I 423 

% of Total emissions: 27.0% ~ 65.2"~ II 7.9°~ 100.0% 
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Table 3b. Commercial LPG Use: Estimated Urban and Rural Propane 
Emissions by Type of Container Transfer for 1991 

Total Estimated Propane Emissions = 39.9 tons/year 

Rural 
II Small I 

StorTank Cylinders I Vehicles I Totals 

Annual usage (gal): 1.25E+07 ON 3.12E+06 AN S.23E+05 AN 1.25E+07 
% of Annual usage: 100.0% A 25.0~ A 5.0% A 
Container size (gal): 500 A 10 AW 40 AW 

Fill factor: 0.6 A 0.8 A 0.6 A 
Fill size (gal): 300 M 8 M 24 M 
Transfers/yr: 4.16E+04 M 3.90E+05 M 260E+04 M 4.57E+05 

Approx time to fill (min): 5.0 MW! 0.6 MW 0.7 MW 

Disconnect emission 

10.91 ESfactor (gm/filQ: 10.9 ES 10.9 ES 

Outage valve emission 

Ifactor (gm/filQ: 114.7 EW 14.6 EW 16.1 EW 
% Using outage valve: I 80.0°/c.A 85.0~A I 80.0%.A 
Annual emissions (gm/yr): I 4.27E+06 I I 9.07E+OO 6.17E+05 1.39E+07 

Annual emissions (tons/yr) : I 4.7 I 10.0 0.7 15.4 
% of Total Emissions: I 11.8%l I 25.1% 1.7%l 38.6% 

Urban II I I ~ I 
Annual usage (gal): I 1.99E+07 ON 4.97E+OO AN 9.94E+05 AN 1.99E+o7 
% of Annual usage: 100%JA I 25% A 5%lA 
Container size (gal): 500 A I 10 AW I 40 AW 

Fill factor: I 0.6 A ~ 0.8 A I 0.6 A 

Fill size (gaQ: I 300 M I 8 M 24 M 
Transfers/yr: 6.62E+04 M I 6.21E+05 M I 4.14E+04 M 7.29E+ 05 

Approx time to fill (min) : I 5.0 MW!I 0.6 MW 0.7 MW 

Disconnect emission 

Ifactor (gm/filQ: 10.9 ES 10.9 ES 10.9 ES 
Outage valve emission 

factor (gm/fi!Q: 114.7 EW 14.6 EW 16.1 EW 
% Using outage valve: I 80.~ A l 85.0~ A 80.0% A 
Annual emissions (gm/yr): I 6.80E+06 1.45E+07 I 9.83E+OS 2.22E+07 

Annual emissions (tons/yr): 7.5 15.9 1.1 24.5 

% of Total Emissions: I 1aa% 39.~ • 27%/ 61.4% 

Combined Totals II I I I I 
Annual emissions (gm/yr): I 1.11E+07 235E+07 1.60E+06 3.62E+o7 

Annual emissions (tons/yr): 122 25.9 1.8 39.9 
% of Total Emissions: I 30.~/4 65.0% 4.4% 100.0% 
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Table 3c. LPG Distributors: Estimated Urban and Rural Propane Emissions 
by Type of Container Transfer for 1991 

Total Estimated Propane Emissions = 180.2 tons/year 

II 
Transport I ~ Bulk I ~ 

Bobtail 

Rural Trucks Storage Tks Trucks Totals 
Annual usage (gal): 2.80E+08 ON II 2.SOE+OS AN ~ 2.SOE+08 IAN 2.soE+oa 
% of Annual usage: I 100% A 100% A ll 100~A 
Container size (gal): I 1CXXX) AW 22000 s II 22001s 
Fill factor: 0.8 A ~ i 0.6 A 
Fill size (gal): I 8000 M 8000 A ~ 1320 M 
Transfers/yr: II 3.49E+04 M I 3.49E+04 M I 2.12E+05 M 2.82E+05 
Approx time to fill (min): I 23.0 MW II 23.0 IMWII 16.5 MW 
Disconnect emission 

II ES II 134.5 IES IIfactor (gm/filQ: 134.5 134.5 ES 

Outage valve emission 

I 5229 IEW II 375.5 /EWfactor (gm/filQ: 5229 EW 

% Using outage valve: I 26.0o/JS II 26.0°/4JS II 20.0~S 

Annual emissions (gm/yr) : I 9.45EH)6 I It 9.45E+06 I II 4.44E+ 07 I 6.33E+07 

Annual emissions (tons/yr): II 10.4 I 10.4 I II 48.9 69.8 
% of Total emissions : I 5.8~ I 5.8°~ II 27.2°kl 38.7% 

Urban II I ~ I ij I 
Annual usage (gal): I 4.43E+08 ION II 4.43E+08 IAN 11 4.43E+08 AN 4.43E+08 
':{, of Annual usage: I 

I 100% A I 100°~A 11 100~A 

Container size (gal) : II 10000 AW I 220001s ii 2200 s 
Fill factor: II 0.8 A I I 11 0.6 jA 

Fill size (gaI): ii 8000 M II 8000IA ii 1320 )M 

Transfers/yr: II 5.53E+04 M ij 5.53E+04 IM !I 3.35E+05 IM 4.46E+05 

Approx time to fill (min): i 23.0 MWII 23.0 IMW II 16.5 IMW 
Disconnect emission 

I ES II 134.51 ES ~ 134.51 ESfactor (gm/filQ: 134.5 
Outage valve emission I 522.9 EW ~factor (gm/filQ: 5229 EW 375.5 EW 
% Using outage valve: I 26.0°~ S 26.00J:I S 20.00/4 s 
Annual emissions (gm/yr): II 1.50E+07 1.50E+07 I ~ 7.02E+o7 I 1.00E+ oa 

Annual emissions (tons/yr): I 16.5 1s.5 I I n.4 110.4 

% of Total emissions: II 9.2% 9.~ ~ 43.0%/ 61.3% 

Combined Totals ll I I I i I 
Annual emissions (gm/yr): 2.44E+07 244E+07 1.15E+08 1.63E+OS 

Annual emissions (tons/yr): 26.9 26.9 126.4 180.2 

% of Total emissions: I 14.9°~ 14.9°~ 70.1% 100.0% 
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Table 3d. LPG Engine Fuel Use: Estimated Urban and Rural Propane 
Emissions by Type of Container Transfer for 1991 

Total Estimated Propane Emissions= 214.1 tons/year 

Rural 
I Small 

Storageik Cylinders I Vehicles Totals 
Annual usage (gal): 2.82E+07 ON 1.69E+07 AN 1.13E+07 AN 2.82E+07 
% of Annual usage: 100.0% A 60.0% A 40.0°/4 A 
Container size (gal) : 750 s 10 AS 40 AW 
Fill factor: 0.6 A 0.8 A 0.6 A 
Fill size (gal): 450 M 8 M 24 M 
Transfers/yr: 6.27E+04 M 2.12E+06 M 4.70E+05 M 265E+06 

Approx time to fill (min): 7.5 MW 0.6 MW 0.7 MW 
Disconnect emission 

factor (gm/filn : 10.9 ES 10.9 ES 10.9 ES 

Outage valve emission 

factor (gm/fill): 171.4 'EW 14.6 EW 16.1 EW 
% Using outage valve: 80.0%.A I 75.0% A 80.0% A 
Annual emissions (gm/yr) : s .2aE+06 I 4.62E+07 1.12E+07 6.66E+07 
Annual emissions (tons/yr): 10.2 50.9 123 73.5 
% of Total emissions : 4.8~ 23.8% 5.8% 34.3% 

Urban II I I I 
Annual usage (gal) : 5.83E+ 07 ON 292E+07 AN 2.92E+07 AN 5.83E+07 
% of Annual usage: 100.0'¾ A 50.0% A 50.0% A 
Container size (gal) : 750 s I 10 AS 40 AW 
Fill factor: 0.6 A I 0.8 A 0.6 A 
Fill size (gal) : 450 M I 8 M 24 M 

Transfers/yr: 1.30E+05 M I 3.64E+ 06 M 1.21 E+06 M 4.99E~06 

Approx time to fin (min) : 7.5 MW 0.6 MW 0.7 MW 
Disconnect emission 

factor (gm/fill) : 10.9 ES 10.9 ES 10.9 ES 
Outage valve emission 

factor (gm/fill) : 171.4 'EW 14.6 EW 16.1 EW 
% Using outage valve: 80.0%A 75.0% A SO.O~A 
Annual emissions (gm/yr): 1.92E+07 7.95E+07 2.89E+07 1.2ae+os 
Annual emissions (tons/yr) : 21.1 87.7 31 .8 140.6 
% of Total emissions: 9.9°/4 40.9°/4 14.9°/4 65.7% 

Combined Totals I I I I I 
Annual emissions (gm/yr): 2.85E+07 1.26E+os 4.00E+07 1.94E+oa 

Annual emissions (tons/yr): 31.4 138.6 44.1 214.1 

% of Total emissions: 14.~ 64.7% 20.SC¾ 100.0% 

California >Jr Resources Board - Determination of Usage Patterns and Emissions for Propane/LPG in California 

Contract Numbet A0:32-092 - Final Report - May 1992 
PAGEZT 



Table 3e. ln_du~trial LPG Use: Estimated Urban and Rural Propane 
Em1ss1ons by Type of Container Transfer tor 1991 

Total Estimated Propane Emissions = 456.3 tons/year 

Rural II 
Small l 

StorTank ~ Cyfinders I I Vehicles I Totals 

Annual usage (gaJ): 7.51E+07 IDN 
" 

1.50E+07 !AN I 1.13E+07 IAN 7.51 E+07 
% ot Annual usage: I 100% A ~ A i 15%1A 
Container size (gaJ) : 500 s 10 AS I 40 AW 

Fifi factor: 0.6 A I 0.8 A I 0.6 IA 
Fifi size (gaJ): I 300 M II 8 IM I 24 IM 
Transfers/yr: 2.SOE+05 M 1.88E+06 M 4.70E+05 M 2.60E+06 
Approx time to fill (min): II 5.0 MWII 0.6 IMW !I 0.7 MW 
Disconnect emission 

l ES ~ ES IIfactor (gm/filQ: 10.9 10.9 10.9 ES 

Outage valve emission 

114.7 IE'N ij EW IIfactor (gm/fill) : 14.6 16.1 EW 
% Using outage valve: ao.oo/dA i 82.4%JS II 80.0o/JA 
Rural emissions (gm/yr): I 2.57E+07 I II 4.30E+07 I II 1.12E+ o1 I 7.99E+07 
Rural emissions (tons/yr) : I 28.3 / ~ 47.4 I 12.:; I 88.1 
% of Total emissions : I 6.2%1 I 

I 10.4~ 11 2.7~ 19.3% 

Urban II II I ~ I 
Annual usage (gal) : I 3.14E+08 ON ii 6.28E + 07 IAN ~ 4.71 E+07 AN 3.14E+08 

% ot Annual usage: I 100% A I 20% A ~ 15% A 
Container size (ga0 : soo Is ii 10 AS II 40 AW 
Fill factor: II 0.6 A I 0.8 A 11 0.6 A 

Fill size (gaQ: II 300/M II 8 M II 24 /M 
Transfers/yr : II 1.05E+ 06 M II 7.85E+06 M ii 1.96E+06 / M 1.09E+07 

Approx time to fill (min) : II 5.0 /MWI 0.6 MW II 0.7 /MW 
Disconnect emission 

IIfactor (gm/fil0: 10.9 ES 10.9 ES 10.9 ES 
Outage valve emission I EW I 14.s )EWfactor (gm/fil0 : 114.7 16.1 EW 
% Using outage valve : II 80.0o/JA 82.4%/S 80.0~~A 
Urban emissions (gm/yr): I 1.0SE+OS 1.80E+08 I 4.66E+07 I 3.34E+08 
Urban emissions (tons/yr): 118.5 I 198.3 I s1 .4 I 368.2 
% of Total emissions: I 26.0o/c ~ 43.5% I 11.3o/d 80.7o/c 

Combined Totals II I I I j I 
Total emissions (gm/yr): I 1.33E+os I 2.23E+08 I R 5.78E+07 j 4.14E+08 

Total emissions (tons/yr}: 146.9 245.7 63.7 456.3 

% of Total emissions: 32.2°/~ ~ 53.8~ 14.0o/~ 100.0% 
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Table 3f. Residential LPG Use: Estimated Urban and Rural 
Propane Emissions by Type of Container Transfer tor 1991 

Total Estimated Propane Emissions= 198.7 tons/year 

Rural II 
Small I 

StorTank II C,1inders I ll Vehicles l Totals 

Annual usage (gal): 7.06E+07 ON I 1.41E+07 AN 1.41E+06 AN 7.06E+07 
% of Annual usage: 100% A 20% A ~ A 
Container size (gal): I 250 AW 10 AW 40 AW 
Fill factor: 0.6 A 0.8 A 0.6 A 
Fill size (gaJ): 150 M 8 M 24 M 
Transfers/yr: 4.71E+05 M I 1.77E+06 M I 5.89E+04 M 2.30E+06 

Approx time to 'fill (min): 2.5 MW o.6IMWI 0.7 MW 

Disconnect emission 

ES I 10.s IESfactor (gm/filQ: 10.9 10.9 ES 

Outage valve emission 

16.1 IE'Nfactor (gm/fill): 58.0 E'N 14.6 E'N 
% Using outage valve : 80.0%A 85.0%.A I, 80.0~A 
Annual emissions (gm/yr) : 2.70E+07 II 4.11 E+07 II 1.40E+06 6.95E+07 

Annual emissions (tons/yr): 29.8 I 45.3 / I 1.5 I 76.6 

% of Total emissions: I 15.0o/~ 22.8~ 0.8~ 38.5'¾ 

Urban II I II I ~ I 
Annual usage (gal) : I 1.13E+08 ON ~ 2.25E + 07 IAN 2.25E+ 06 IAN 1.13E+08 

% of Annual usage: 100°/~A 20% A 2°/~A 
Container size (ga0: I 250 AW 10 AW 40 AW 
Fill factor: 0.6 A 0.8 A I 0.6 IA 
Fill size (gal): 150 M I a M I 24 IM 
Transfers/yr: 7.51E+OS M I 2.82Et06 M I 9.38E+04 j M 3.66E+06 

Approx time to fill (min): 2.5 MW 0.6 MW 0.7 MW 
Disconnect emission 

factor (gm/filQ: 10.9 ES 10.9 ES 10.9 ES 
Outage valve emission 
factor (gm/filQ : 58.0 E'N 14.6 E'N 16.1 E'N 
% Using outage valve: 80.0o/c.A 85.0~A II ao.0°1JA 
Annual emissions (gm/yr): 4.30E+07 6.55E+07 2.Z3E+06 I 1.11E+os 

Annual emissions (tons/yr): I 47.4 72.2 2.51 122.1 
% of Total emissions: I 23.9% 36.3% 1.2°~ 61.5'¾ 

Combined Totals II I I I I I 
Annual emissions (gm/yr): II 7.00E+07 I 1.07E+08 3.63E+06 1.SOE+OS 

Annual emissions (tons/yr): 77.2 117.6 4.0 198.7 

% of Total emissions: II 38.So/c 59.1~ 20% 100.0% 
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Table 4. Summary of LPG Usage (volume), Frequency of Transfers and 
Propane Emissions for Six Use-Categories in California (1991 data) 

Total Estimated Propane Emissions = 1,131.5 tons/year 

I Agricultural ICommerciall Distributor I Engine Fuell Industrial I Residential ~ Totals 
Rural usage (gal/yr) 2.16E+O7 I 1.25E+o7 ·-· 2.82E+O7 7 .51E+O7 I 7.O6E+O7 2.OBE+oa 
Urban usage (gal/yr) 8.96E+O6 1.99E+O7 ·-· 5.83E+O7 3.14E+oa U3E+O8 5.14E+O8 
Total usage (gal/yr) , 3.06E+07 3.23E+07 --- 8.6SE+07 3.89E+08 1.83E+08 f 7.22E+08 

11 I ii 
Rural transfers/year i 9.66E+os I 4.57E+os I 2.82E+os I 2.65E+O6 I 2.6OE+O6 2.3OE+O6 I 9.26E+O6 
Urban transfers/year i 4.ooE+os 7.29E+os I 4.46E+os I 4.99E+oe 1.O9E+o7 3 .66E+O6 2.11 E+O7 
Total transfers/year !I 1.37E+O6 I 1.19E+O6 7.28E+os 7.64E+O6 j 1.35E+O7 5 .96E+O6 I 3 .O4E+O7 

I I I I 
Rural emissions (tons/yr) I 29.9 15.4 69.a I 73.5 I 88.1 76.6 I 353.3 

Urban emissions (tons/yr) I 12.4 24.5 110.4 I 140.6 368.2 122.1 778.2 

Total emissions (tons/yr) : 42.3 39.9 100.2 I 214.1 456.3 198.7 I 1131.5 
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Figure 1. Percent Distribution of Annual Propane 
Emissions by LPG Use-Category 

Agricultural 
~-----,:~~r--"7"1- Commercial 

Distributor 

Engine Fuel 

Tota! Emissions= 1,131.5 tons/year (1991 Estimates based on Annual LPG Transfers) 
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Table 5. LPG Usage (volume), Frequency of Transfers and Estimated 
Propane Emissions for 58 Counties in California {1991 data) 

I H 
USIIQC ii TranSfer$ II E1111ss10ns 

County l.JrtlB/1/Runil II TotaJS Pen:eni: H Tefali Pen:enr II T0121s Pen:erc 
C1assll!c81!0nN (gaJ/YT') II (!J'anf\'I") II ttnnsrm 

Alameaa u :i.~+07 4.6'llll 1.3E+06 ,u'!!f ..7.8 ...~ 
AIClne R 1.<lE+C15 c.~ 5.Zl:+03 a~ 0.2 O.C'I 
Amacror R 1.""4f+oe a~ 5.BIE+o.c 0.2'llf 2.2 0.2':'ii 

awe R s...oe+oe (llH 2.7SIE+C5 a.a 10.2/ Clll'll 

Calaveras R 2.71E+05 0.4'1 1.a.£+015 C.:1'11 :i.e I 0.3'lt 
C01t1sa I R S.83E+Cl5 0.1'1 2.~+o4 0.1'!!1 1.0 Cl1 'll 

CanlTll Costa u 2.0E+07 2,ll'll, &2:2!:+05 2.r.11 2!UI 2.ll"li 
Oet None R I s.lllSE+cs I 0.1,i, 2.7£+o4 ll1'll:I 1.1 0.1 'll 
El Ocracc R 7.a:2E+oe 1.1'1'1, 2.81E+C5 O.g'Jlf 11.0 O.ll'll 

Fresno R II 2.33E+m :i.2'llll 1.01E+as :i.:J'll/ ..7.5 :u'I 
GleM R II 7.CBE+C5 0.1'lll :l.2E+O.. Cl1'Jlj ,... 0.1 'll 
HUmccJCI R I 3.~+05 O.S'Jlj 1.~+05 O.S'll:I 5.3 Cl~ 

imoenat I R II :i.1ce+os I Q4'llll , . .. 7E+oS Cl~ 5.1 Cl:i'll 

lnvo R II 7.-«il:+05 a, 'llll 3.1ef+O.. 0.1'lll 1.4 0.1 'll 

Kem R I 1.52::+ 07 I 2.1'lll1 7.0x+C5 2.::l":ll :as 2.4'll 

KinQS I R ff .....:!E+ce acr,;I 1.133:+05 o.e<JII 7.2 Cle'll 

L.aJce I A II 3.22E+06 0.4'llll 1.27E+Cl5 I Cl4'lll 4.g Q4'll 

La.5sen I A 
" 

1.~+06 Q.Z'Jljj s.11E+o.. C.Z'M' 2.1 Cl2'i 

Les Ance1es I u H 1.s,f+ca I 2SO'lllf 7.SBE+oe :zsa,rj 'Zn.5 24.8"' 

Macera I R II 3.llS:+05 aS'llt U5:3E+C5 I as'lll 7.0 Cl:5'1 
Mann I u ii 5.1:£+06 ClT'll\ll 2.1:l£+CS I Qnlj as O.Tll 

Manocsa I A II 1.29€+05 0.Z'Jlj <1.8'1E+04 0.2'llf 2.0 0.2":!E 
Mencoc1110 R I 2.04E+06 o.:ml ll.!5ef+04 a~ 4.2 Cl:l"ll 

Mereec R ~gt£+a, O.fll 2.e:!!::+05 0.;'JII 10.7 Cl!l"lli 

Meece R 2.9S:+Cl5 O.C'lll 1.:?:1:+04 o.c'lll ae O.C'll 

Mone I R I B.7ef+oS Cl1":11 :l.27E+C4 o.1'l11 1.3 C.1'll 

Mcruerey R I 1.1,e+o1 1.S'Jlj 4-s.eE+as I 1.15'!!1 111.9 1.n 

Naoa R 2.7eE+05 C. 4'111 1,:l:lf:+05 a ..'lll 5.0 ClS'll 

Nevaoa R 4.71E+06 c.T'll\ll 1.eef+C5 c.~ 7.:J O.S'll 
Orange u <1.1SE+01 I s.T'll\ll 1.ec:e+ce I 5.g'Jlf ee.e 5.!l"lli 
Placer I A 5.2'8E+06 C. 7":11 2.35:+CS o.~ ;.3 I 0..,.,. 

PII.Jmas I R I 1.1QE+06 I 0.2"J!ll 4.69€+041 o.2'lll 2.2 I C.2'i 

Rrversice u II 2.S'SIE+07 3.7'111 1.cee+ce I :i.ll'lll 403 3.S'llc 

Sacramento u II 2.saE:+07 3.~I 1.C41:+ce I 3.4'll/ •2.6 I 3.:3":I 

San Benru, R I 1.a7E+OIS I 0.1 'lll 4.89€+04 I a2'lll , .e 0.2'll 

San Bemarcmc R ii :l.86E+07 I 5.~ 1.11:E:+o, I 5.9'11 53.0 I e.~ 
San Olec:i I u ii 5.17E+07 I 7.2'il 2.1e:+ce I 7. 1 ':lj 1e.• I 7. 1 'llc 

San Fl"MCISC0 I u I 1.95::+01 I 2.T'll\ll 7.78E+OS i 2.5'lll 25.3 I 2.s<'J. 

SanJcacu,n I u I 1.29€+07 1.8'!11 5.13:'.+CSI 1.7'lll 2ae I 1,5':l 

San l..ul.1 OCISCO I R I e.:iaE+06 a.9'lll 2.112f+cs I 1.O'llj ,CU , .O'll 

San Malec I u I 1.ft:lE+07 2.3'111 6.57E+OS 2.2'lll 'Z2.7 2.1':lc 

Santa sucara R 1.05E+07 1.~ 4.7SE+as 1.f!'lll 16.7 1.~ 

Sarna Clara u :J.~+07 5.1~ 1."'8E+ce I 4.tn! 52.:J 4.ft 

Santa C.1.JZ u 5.IISlt:+OIS C.n.11 2.31E+os I O.S'll/ Q.8 Qr.I, 

snasta R 
" 

s.92E+ce 1.~ 2.134E+05 I a.9'lll 10.0 c.sr,, 

Sferra I R I 2.X'E+OS c.O'lllf e.51,,lf;+c::il (lO'li,f 0.3 (lO'll, 

Si$1<MlU R N 2.2'E+06 I a:3'Jb'I llll!lE+o4 I a.3'11 3.15 O.:?"JI: 
s0111110 I u H a1ee+oe 1,2"'11 :J.S1E+05 I 1,2'll/ 12.e I ,.1'lli 

Sonoma I u II Q.ISBE+oe I 1.:r.iw1 :ia:e:+os I 1.3'lll 15.4 I 1.= 
Stan,$1aus I u II Q.4CE+ce 1.:?'ll,II 3.77E+os I 1.2'11 143 I ,.= 
S~er R 2.ZlE+ce a:m G.7E+ocl o.:J'lll 3.5 I C.:r,i 

Tcnama R 1.511:+o!I C.2'll/ 7.c::E+o& a:z'lll 2.S C.2'll 

Tnntf R 4.a!E+as a.1,i, 1.9.cf+o, a.1'lll C.71 C.1'lli 

TUiare R 1.:nE+07 1.9'111 5"'8E+as 1.S'lll z:tg ,.n 
Tuolumne R 2.lll5E+as 0.4'lli 1.1:i::+os I CU'lll 4.S O.•':lc 

Venua u 1.11£+o7 1.S'll 6.oeE+oS I 1.r.11 21.e 1. 7'll 

YclC R 4.12S+a! o.e,i 1.87E+as I 0.8'lll 7.3 a ..... 

Yuoa R 1,lill!iE+a5 0.:nll B.ec£+o4 o.:ni 2.8 Q:J'lli 

,c131S I 7,=.+oa 1CX).D'S :J.041:+ml 1CXl.u,a1 1131.6 1CO.O'll 
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Table 6. LPG Usage (volume), Frequency of Transfers and Estimated 
Propane Emissions by Air Basin for California (1991 data) 

Air Basin 
Usage Transfers Emissions 

Totals 
(gal/yr) 

Percent Totals 
(tran/yr) 

Percent Totals 
(tons/yr) 

Percent 

Great Basin Valley 1.77E+06 0.2o/c 6.95E+04 0.2% 2.9 0.3'¾ 
Lake County 3.22E+06 0.4o/c 1.27E+05 0.4% 4.9 0.4'¾: 
Lake Tahoe 9.66E+05 0. 1 o/c 3.98E+04 0.1o/c 1.6 0.1 o/c 
Mountain Counties 2.42E+07 3.3% 9.70E+05 3.2'¾ 38.2 3.4'¾ 
N. Central Coast 1.78E+07 2.5o/cl 7.78E+05 2.6'¾ 30.6 2.7% 
North Coast 1.03E+07 I 1.4o/cl 4.54E+05 1.5'¾ 17.4 1.5'¾ 
Northeast Plateau 3.74E+06 0.5% 1.54E+05 0.So/d 6.2 0.5'¾ 
S. Central Coast 2.85E+07 3.9o/c 1.28E+06 4.2'¾ 48.8 4.3~'c 
Sacramento Valley 5.41 E+07 7.5'¾ 2.26E+06 7.5o/d 87.4 7.7'¾ 
San Diego 5.17E+07 7.2% 2.16E+06 7.2% 76.4 6.7'3/c 
San Francisco -· 1.47E+0B 20.3% 5.66E+06 18.8% 209.9 18.6'¾ 
San Joaquin Valley 8.38E+07 11.So/cJ 3.55E+06 11.8% 146.9 13.0o/c 
South Coast I 2.23E+08 30.9'¾ 9.43E+06 31 .3% 345.5 30.5'3/c 
Southeast Desert 7.25E+07 10.0o/cJ 3.18E+06 10.6o/d 114.9 10.2'3/c 
Totals 7.22E+0B 100.0'¾ 3.01E+07 I 100.0o/d 1131.6 100.0'¾ 
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Figure 2. Percent Distribution of Annual Propane Emissions 
by Air Basin 

Total Emissions = 1,131.5 tons/year 

(1991 Estimates based on Annual LPG Transfers) 
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Table 7. Amount of LPG Transferred and Emitted, and the Percent Emitted 
for Five Urban and Rural Use-Categories (1991 data) 

Transferred (gal. used/yr.) Emitted (galJyr.) Percent Emitted 

Category Rural Urban Total Rural Urban Total Rural Urban Total 

Agricultural 2.16E+07 8.96E+06 3.06E+07 I .22E+04 5.08E+03 1.73E+04 0.057% 0.057% 0.057% 
Commercial l.25E+07 1.99E+07 3.23E+07 6.31 E+03 1.00E+04 I .63E+04 0.050% 0.050¾ 0.050% 
Engine Fuel 2.82E+07 5.83E+07 8.65E+07 3.01 E+04 5.76E+04 8.77E+04 0.107~- 0.099% 0.101% 
Industrial 7.51E+07 3.14E+08 3.89E+08 3.61 E+-04 1.51E+05 \ .87E+05 0.048% 0.048~~ 0.048% 
Resldenllal 7.06E+07 1.1 3E+08 1.83E+08 3.14E+04 5.00E+04 8.14E+04 0.044% 0.044% 0.044% 

Totals • 2.08E+08 5. \4E+08 7.22E+08 1.45E+05 3 .19E+05 4.64E+OS 0.070% 0.062% 0.064% 

• Tolals for GaJlons Emitted and Percenl Emitted include Oislribulor emissions (sea Tabla 4). 

Note: 1 ton of emitted propane = 409.67 gallons of LPG 
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Figure 3. Percent of Used LPG Emitted as Propane 
for Five User Categories 

Overall percent including Distributor related emissions = 0.064% 

Engine Fuel Agricultural Commercial Industrial Residential 
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Table 7a. Motor Vehicle Filling Equipment - Survey Responses (Percent) for 
Agricultural Use-Category 

Agriculture 
Motor vehicle filling equipment 

7141 male & female quick disconnect fitting 5.2% 
quick acting shut-off nozzle 10.3o/c 
compact acme filler coupling II 4.1% 
extended safety filler coupling I 23.1% 
something else I 40.7% 
don't know 16.So/c 

II 
% using an adapator I 19.7o/c 

Table 7b. Motor Vehicle Filling Equipment - Survey Responses (Percent) 
for LPG Distributors 

Distributors 
Motor vehicle filling equipment I 

7141 male & female quick disconnect fitting 5. 7o/c 
quick acting shut-off nozzle I 37.0% 
compact acme filler coupling I 11.4o/c 
extended safety filler coupling I 15.1 o/c 
something else 22.2% 
don't know I 8.5o/c 

II 
% using an adapator II 14.6% 

Table 7c. Motor Vehicle Filling Equipment - Survey Responses (Percent) for 
Industrial Use-Category 

Industrial 
Motor vehicle filling equipment I 

0.0% 

quick acting shut-off nozzle I 5.5% 

compact acme filler coupling II 1. 6% 

extended safety filler coupling II 37.0% 

something else I 38.0% 

don't know I 17.9% 

7141 male & female quick disconnect fitting 

I 
% using an adapator I 52.2% 
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Table 7d. Motor Vehicle Filling Equipment - Survey Responses (Percent) 
for LPG Engine Fuel Use-Category (Random Sample of Fleets) 

Random Fleets 
Motor vehicle filling equipment 

7141 male & female quick disconnect fitting 1.So/c 
quick acting shut-off nozzle I 12.1o/c 
compact acme filler coupling I 1.6o/c 
extended safety filler coupling I 37.7% 
something else I 30.1 o/c 
don't know I 16.7% 

II 
% using an adapator ll 22.So/c 

Table 7e. Motor Vehicle Filling Equipment - Survey Responses (Percent) for 
LPG Engine Fuel Use-Category (Non-Random List of Fleets) 

Non-Random Fleets 
Motor vehicle filling equipment 

7141 male & female quick disconnect fitting 11.6o/c 
quick acting shut-off nozzle II 29.4o/c 
compact acme filler coupling II 0.0% 
extended safety filler coupling I O.Oo/c 
something else I 58.8% 
don't know I 0.0% 

II 
% using an adapator II 23.So/c 

Table 7f. Bobtail Truck Transfer Equipment - Survey Responses {Percent) 
for LPG Distributors 

Distributors 
Bobtail transfer equipment I 

quick acting shut-off nozzle II 55.0o/c 
compact acme filler coupling 20.9%II 
extended safety filler coupling II 6.8% 
something else 12.0o/cI 
don't know 5.2o/c 

I 
% using an adapator I 17.So/c 
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Section 6 
Discussion 

Propane Reactivity 

Propane is a member of a class of carbon molecules called paraffins that 
are the most widely emitted form of hydrocarbon. However, none of the individual 
molecules of propane (containing three carbon atoms) are highly reactive 
towards ozone formation. As a rule, paraffins account for 50% - 60% of the total 
volatile organic emissions. But when using the reactivity factors developed for the 
Air Resources Board by Dr. William P. L. Carter of U.C., Riverside, the paraffins 
account for less than 25% of the total ozone formation potential from organic 
emissions. Propane is one of the common paraffins with lower than normal 
reactivity. According to the reactivity factors developed by Dr. Carter, paraffins 
that have 4 and .1 Ocarbons have an average reactivity of 1.14 grams ozone per 
gram emitted with a standard deviation of 0.3. Propane has a value of 0.48 grams 
ozone per gram propane emitted, which is somewhat less than half the average 
paraffin and more than two standard deviations less than average. 

For the Carbon Bond Mechanism (CBM) all paraffins are treated with the 
same chemistry on a per carbon basis except methane, ethane and propane. 
Propane is treated as one half "unreactive" paraffins and the other half as "other" 
paraffins. On a weight basis, propane would be treated in the CBM as slightly 
less than half as reactive as the average paraffin with higher carbons. In 
particular, if the reactivity of butane were the same in the CBM (according to Dr. 
Carter's chemistry 1.03 gram ozone per gram emitted) then propane in the CBM 
treatment would have a value of 0.5 gram ozone per gram emitted -- a value very 
close to the 0.48 grams derived previously. Hence, both chemistries treat 
propane as roughly half the reactivity of the bulk of paraffin emissions, meaning 
that as a rule a ton of propane emissions is equivalent to only a half ton of paraffin 
emissions. 

Propane Toxicity 

Toxic hazards due to propane are confined to a setting with high 
concentrations of propane gas. In these areas, short-term central nervous 
system effects, such as headaches, nausea or dizziness, can occur. As with all 
gaseous materials, high concentrations of gas vapor will reduce the amount of 
oxygen present, thus leading to asphyxiation. Additional risk is associated with 
propane because of its highly explosive nature (flash point = -156 F) and its ability 
to ignite by reacting vigorously with oxidizing materials. However, in outdoor 
settings and in concentrations that are predicted by this model, no long-term 
human effects are likely. 

Emissions Model Uncertainty 

While many assumptions were required to complete the calculations in this 
study, it should be noted that the highest confidence levels are associated with 
state-wide estimates of usage, transfers and emissions. Lesser confidence is 
associated with the dis-aggregation of state-wide totals to counties and Air 
Basins. Category usage figures supplied by the National Propane Gas 
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Association provided a solid foundation for the integrity of our estimates. The use 
of RASS data and SIC code distributions to allocate urban and rural usage is an 
accepted approach for dis-aggregating regional totals to finer resolution. 

The category transfer figures were generated from annual usage and fill 
sizes. The fill sizes used should represent typical sizes used in the marketplace. 
The assumed annual usage of cylinders and vehicles was the single largest 
determinant in the number of transfers per year. The disconnect and outage 
valve emission factors were designed to provide conservative estimates given 
correct operating procedures. 

As seen in the use-category tables, the single largest use-category was 
that of industrial users. In this study we estimated that the industrial category 
accounts for 40% of all LPG transfer emissions in California. Within this category, 
the estimates for refineries (the single largest component of LPG industrial users) 
is somewhat critical. We are less confident with our estimate of LPG used by 
refineries because most refineries were reluctant to provide "volume of use" 
information in our survey. It should be noted that this large volume of LPG used 
by refineries requires very few, if any, transfer operations. A change in the 
distribution of the amount of LPG used between refineries and the other industrial 
SIC codes would result in a large change in the emissions calculations for the 
entire category. 

The size and the extent of the telephone survey was limited by the available 
resources. This necessitated the broad aggregation of LPG use into only six 
categories. A larger sample would also have yielded more precise estimates for 
the types of LPG usage and related transfer equipment within each category. 
However, we consider the results of this study, within the precision limits of the 
study design, as a valuable first effort to quantify LPG usage patterns and transfer 
emissions for California. · 
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Section 8 
Glossary of Abbreviations and Symbols 

ARB The California Air Resources Board 

CBM Carbon Bond Mechanism 

CEC The California Energy Commission 

D&B Dun and Bradstreet - a business data base organization 

OMV The Department of Motor Vehicles 

FSC Freeman, Sullivan and Company 

LPG Liquid Petroleum Gas 

NPGA National Petroleum Gas Association 

RASS Residential Appliance Saturation Survey - an energy usage survey of 
households in California. 

SAi Systems Applications International 

WLGA Western Liquid Gas Association 

The following symbols are appear in the Use-Category Tables (Tables 3a-3f) 

A Model assumption 

AN Model assumption using NPGA data 

AS Model assumption based on survey data 

AW Model assumption based on input from the WLGA 

ON Distribution of urban/rural SIC code used to dis-aggregate NPGA data 

ES Engineering factor using survey data 

EW Engineering factor using information supplied by the WLGA 

M Mathematical calculation based on other information in the table 

MW Mathematical calculation based on information supplied by the WLGA 

S Statistic taken directly from the survey data. 
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APPENDIX A 
NPGA Use-Categories and Descriptions 

The following is a summary of the categories that the National Propane 
Gas Association uses to dis-aggregate state-wide usage data. 

Agricultural Uses: Includes liquefied petroleum gases used in tractors, 
irrigation engines, space heating of buildings, cooking, crop drying, tobacco 
curing, flame cultivation, poultry breeding, and other agricultural applications. 

Residential and Commercial Uses: Includes liquefied petroleum gases 
sold for use in private households and commercial establishments such as 
motels, restaurants, retail stores, laundries, etc. Primarily used in space heating, 
water heating and cooking. 

Internal-Combustion Engine Fuel Uses: Includes liquefied gases for use 
in highway vehicles, forklifts, oil-field drilling and production equipment, etc. 

Industrial Uses: Includes liquefied gases sold to manufacturing plants for 
such uses as standby fuel, space heating, flame cutting, metallurgical furnaces 
etc. Includes sales to petroleum refineries for fuel use. Other uses which include 
natural gas liquids and liquified refinery gas sold or used for any other purpose 
not described here. 

Please Note: Though these categories contain more information than just LPG 
use, state-wide use of LPG is given by the NPGA. Category totals used in this 
study are based on the statewide usage figure, but remain in the same proportion 
as those totals originally reported by the NPGA. 
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APPENDIX B 

URBAN AND RURAL COUNTIES IN CALIFORNIA 

URBAN COUNTIES 

Alameda 
Contra Costa 
Los Angeles 
Marin 
Orange 
Riverside 
Sacramento 
San Diego 
San Francisco 
San Joaquin 
San Mateo 
Santa Clara 
Santa Cruz 
Solano 
Sonoma 
Stanislaus 
Ventura 

RURAL COUNTIES 

Alpine 
Amador 
Butte 
Calaveras 
Colusa 
Def Norte 
El Dorado 
Fresno 
Glenn 
Humboldt 
Imperial 
Inyo 
Kern 
Kings 
Lake 
Lassen 
Madera 
Mariposa 
Mendocino 
Merced 
Modoc 
Mono 
Monterey 
Napa 
Nevada 
Placer 
Plumas 
San Benito 
San Bernardino 
San Luis Obispo 
Santa Barbara 
Shasta 
Sierra 
Siskiyou 
Sutter 
Tehama 
Trinity 
Tulare 
Tuolumne 
Yolo 
Yuba 
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APPENDIX C 
Weights for Urban Data 

NOVE.'iSE~ 6 Oun &Bradstreet 
FINAL I.EIGHTS Primary SlC Code Oistributicn 

UNIVE~SE PROPOR· ACilJAL \.'El GHTED \.EIGHTEO 
SlC AVAILABLE TIOH SAAPLE \JEIGHT VALUE CHSiRIS. 

AGiH ClJLTlJRE: 

0711 87 0.12050 48.00000 0.50208 24.09972 0.12050 
072X 635 0.87950 152.00000 1.15724 175.90028 0.87950 

Sub·tatal 722 1. 00000 200.00000 200.00000 1.00000 

UIOUSTil IAL : 

2911 23 0.00583 16.00000 0.04735 0. 75754 0.00583 
1761 2536 0.64251 79.00000 1.05730 83.52673 0.64251 
3312 153 0.03876 3.00000 1.67976 5 .03927 0.03876 
3441 300 0.07601 10.00000 0.98809 9.e8092 0.07601 
3443 195 0.04940 10.00000 0.64226 6.42260 0.04940 
3444 740 0.18748 12.00000 2.03108 24.37294 o. 18748 

Sub-total 3947 1.00000 130.00000 130.00000 1. 00000 

0 I STil IBUTCRS: 

5171 110 0. 14013 32.000CO 0.67436 21 .57962 0. 14013 

5172 515 0.65605 90.00000 1.12258 101.03185 0.65605 

5984 160 0.20382 32.00000 0.98089 31.3B854 0.20382 

Sub-total 785 1.00000 154.00000 154.00000 1.00000 

FU:iS: 

4225 2287 0.!!6563 151.00000 0.98029 1'-3.02309 O.e6563 
4226 355 0.13437 20.00000 1.14aas 22.97691 0.13437 

Sub-total 2642 1.00000 171.00000 171.00000 1.00000 

TOUL 8096 4.00000 655.00000 655.00000 4.00000 
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Weights for Rural Data 

UHIVc;.sE ?ROPCR- ACTUAL IIEIGIITE!J 1/EIGIITE!J 
SIC AVAIU.SLE TICN S;J,IPLE \.'c!GiH VALUE O!STRIS. 

AG~IOJLTURE: 

0711 93 0.05326 43.00000 0.25022 10.7S945 0.05326 

072.X 1653 0.94674 159.00000 1.20277 191.24055 0.94674 

Sub-total 1746 1.00000 202.00000 202.00000 1.000CO 

IHDUSiRIAL: 

2911 8 0.00849 7.00000 0.16742 1.17197 0.00849 

1761 651 0.69108 101.00000 0 .94425 95.369(,3 0.69108 

33 12 39 0.04lt.O 2.000CO 2.35669 5. 71338 0.0411.0 
3441 96 o .10191 10.00000 1.40637 14 .06369 o. 10191 
3!.t.3 t.6 0.04883 8.00000 0.84236 6. 731.!85 0.04883 
3!.t.4 102 0.10828 10.00000 1. 49427 14.94268 0.1082S 

Sub-total 942 1.00000 138.00000 138.00000 1.00000 

0ISiRl!!UTCRS : 

5171 160 0.26756 40.00000 1.056&S 42.27425 0.26756 
S172 Z67 0.1.4649 90.00000 a. 73384 70.54515 0.44649 

5984 171 0.2:!S9S 23.00000 1.61359 45. 18060 0.26595 

Sub•total 598 1.00000 158.00000 1sa.ooooo 1.00000 

FLE:TS: 

4225 551 0.87184 121.00000 1.04476 126.41614 0.87184 

4226 81 0.12816 24.00000 0.77433 18.58386 0. 12816 

Sub-total 632 1.00000 145.00000 145.00000 1.00000 

iOiAL 3918 4.00000 643.00000 643 .00000 4.00000 
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APPENDIX D 
ARB LPG Usage Study Questionnaire 

010 Hello, I'm ______ calling on behalf of the California Air Resources Board. I'm 
trying to locate the person in your company who would know the most about the volume 
of your propane shipments and transfers. Who would that person be? 

Could you transfer me please? 

020 Hello, I'm ______ calling on behalf of the California Air Resources Board. We're 
conducting a study to determine the usage patterns of propane Gas in California. Are you 
the person in your company who would know the most about the volume of your propane 
shipments and transfers? 

(IF YES, CONTINUE. IF NO, KEEP TRYING TO LOCATE CORRECT PERSON) 

The Air Resources Board is doing a survey of propane refineries, wholesalers and users 
throughout the state in order to determine current usage patterns and transfer procedures 
of propane. The survey should only take a few minutes. Your responses will grouped 
together with others participating in the survey and your answers will remain completely 
anonymous and confidential. 

030 First, I have a few questions to determine how you use propane. 

Does your company refine propane or transport propane from refineries? 

1 YES - REFINE PROPANE (SKIP TO 070) 
2 YES - TRANSPORT PROPANE (SKIP TO 080) 
3 NO 

040 ls your company considered either a propane marketer or supplier? 

1 YES (SKIP TO O 125) 
2 NO 

aso Does your company buy propane from either a propane deafer or wholesaler? 

1 YES (SKIP TO 0125) 
2NO 

060 When I ask you about the volume or frequency of your transfers or shipments, please tell 
me if that amount is per day, per week, per month or per year. 
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070 How many gallons of propane do you use at your facility? 

1 DAILY: 
2WEEKLY: 
3 MONTHLY: 
4 YEARLY: 
5 NONE 
9 DONTKNOW 

aao How many gallons of propane are transferred onto transport trucks? 

1 DAILY: 
2WEEKLY: 
3 MONTHLY: 
4 YEARLY: 
8 DONT SHIP VIA TRUCK 
9 DON'T KNOW 

093 How many gallons are filled [ ] using a bleeder valve? 

1 ENTER# OF GALLONS: 
2 PERCENTAGE: 
9DONT KNOW 

a100 How many gallons of propane are transferred onto railcars? 

1 DAILY: 
2 WEEKLY: 
3 MONTHLY: 
4 YEARLY: 
8 DON'T SHIP VIA RAIL 
9 DON'T KNOW 

Q113 And how many gallons are filled [ ) using a bleeder valve? 

1 ENTER # OF GALLONS 
2 PERCENTAGE: 
9 DON'T KNOW 

Q120 How many rail containers are loaded [ ] ? 

1 NUMBER OF CONTAINERS: 
9DONTKNOW 
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0122 Besides transporting (and refining) propane, is your site involved in other areas of 
distribution? For instance, do you transfer propane to Bobtail trucks. or do you fill 
cylinders for customers? 

1 YES 
2 NO (SKIP TO 575) 

0125 Do you have any large on-site storage tanks of 1,500 gallons or more? 

1 YES 
2 NO (SKIP TO 0165) 
9 DON'T KNOW 

0140 What is the water capacity of your large on-site storage tanks? 

(ENTER AS MANY AS APPLY) 
1 10,000 GALLONS 
2 20,000 GALLONS 
3 30,000 GALLONS 
4 OTHER 
5 DON'T KNOW 
6 NO OTHER CHOICES 

0146 ENTER OTHER SIZES: 

1. 

2. 
3. 
4. 
5. 

0151 When I ask you about the volume or frequency of your transfers or shipments, please tell 
me if that amount if per day, per week, per month or per year. 

0155 How many gallons of propane are transported to you? 

1 DAILY: 
2WEEKLY: 
3 MONTHLY: 
4 YEARLY: 
9 DON'T KNOW 

0165 Are Bobtail trucks filled at your bulk plant? 

1 YES 
2 NO (SKIP TO 610) 
9 DON'T KNOW 
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0170 Do you operate the same number of Bobtails year round? 

1 YES 
2 NO (SKIP TO 0190) 
9 DON'T KNOW 

0180 And how many Bobtail trucks do you operate? 

1 ENTER# OF BOBTAILS: 
9 DON'T KNOW 

Q190 How many Bobtail trucks do you normally operate, that is, during non-peak seasons? 

1 ENTER#: 
9 DON'T KNOW 

0200 How many trucks do you ADD during the peak season? 

1 ENTER#: 
9 DON'T KNOW 

0210 What is the water capacity of the Bobtail trucks loaded at your bulk plant? How many do 
you have of each? 

ENTER#: 
1,600 GALLONS: 

2 1,800 GALLONS: 
3 2,400 GALLONS: 
4 2,600 GALLONS: 
5 2,800 GALLONS: 
6 3,000 GALLONS: 
7 3,200 GALLONS: 
8 OTHER 
9 DON'T KNOW 
A NO OTHER CHOICES 

OTHER SIZE: 

0242 Are any of these Bobtails filled using a bleeder valve? 

1 YES 
2 NO 
9DON'T KNOW 

0243 What percentage of all your Bobtails are filled using a bleeder valve? 

1 PERCENTAGE: 
9 DON'TKNOW 

(ASK IF 0170 = YES) 
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0250 Do your average number of deliveries remain the same year round, or do you have a peak 
season? 

1 # DELIVERIES REMAINS THE SAME 
2 HAS PEAK SEASON (SKIP TO 0400) 
9 DON'T KNOW 

0255 The next few questions are about the water capacity of your Bobtail trucks, and the 
average number of deliveries per day from each size Bobtail. Since your fleet is fairly 
large, it might be more convenient for you if we faxed you those particular questions. But, 
we would need you to fax the questionnaire back to us today. 

We can, however, also do those questions over the phone. Which would you prefer? 
Have those questions faxed, or do them now over the phone? 

1 FAX (SKIP TO 0276) 
2 PHONE 

0256 INTERVIEWER: PLEASE USE ARB-LPG SURVEY FOAM B. BE SURE THAT ALL 
BOBTAILS ARE ACCOUNTED FOR. DON'T FORGET TO ASK 
ABOUT PEAK AND NON-PEAK SEASON, IF APPLICABLE. 

WHEN YOU HAVE COMPLETED THAT PART OF THE SURVEY 
ON PAPER, CONTINUE WITH THE CATI QUESTIONNAlRE. 

ONCE YOU ARE OFF THE PHONE, BE SURE TO NOT THE 
OPEN NUMBER, RECORD NUMBER, COMPANY NAME AND 
LOCATION ON THE FORM. 

0257 In order to fax this part of the questionnaire to you, I need your name and fax number. 

INTERVIEWER: ENTER FAX INFORMATION ON FAX COVER SHEET. PLEASE CONFIRM 
COMPANY NAME AND SPELLING OF RESPONDENTS NAME. 

I would like to ask you just a few more questions about other ways you may transfer propane. 

ONCE YOU ARE OFF THE PHONE, MAKE SURE YOU GET THE 
OPEN NUMBER AND FILL OUT THE TOP PART OF THE FORM 
COMPLETELY. 

GIVE THE COMPLETED FORM TO YOUR SUPERVISOR AS 
SOON AS YOU FINISH IT. 
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0260 On an average day, how many times is each Bobtail loaded with propane and what is the 
average number of deliveries for each truck per day? 

# RELOADS: # DELIVERIES: 
# RELOADS: # DELIVERIES: 
# RELOADS: # DELIVERIES: 
# RELOADS: # DELIVERIES: 
# RELOADS: # DELIVERIES: 

0400 On an average day during your PEAK SEASON, how many times is each Bobtail loaded 
with propane and what is the average number of deliveries for each truck per day? 

# RELOADS: # DELIVERIES: 
# RELOADS: # DELIVERIES: 
# RELOADS: # DELIVERIES: 
# RELOADS: # DELIVERIES: 
# RELOADS: # DELIVERIES: 

0475 For how many months does your peak season last? 

1 ENTER # OF MONTHS: 
9 DON'T KNOW 

0500 On an average NON-PEAK SEASON day, how many times is each Bobtail loaded with 
propane and what is the average number of deliveries for each truck per day? 

# RELOADS: # DELIVERIES: 
# RELOADS : # DELIVERIES: 
# RELOADS : # DELIVERIES: 
# RELOADS: # DELIVERIES: 
# RELOADS : # DELIVERIES: 

Q575 How many days a week does your business operate? 

1 FIVE DAYS 
2 SIX DAYS (REFINERIES ONLY) 
3 SEVEN DAYS 
9DONTKNOW 

asso Do you have any storage tanks of less than 1,500 gallons? 

1 YES 
2NO 
9DONTKNOW 
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Q582 Do you use these tanks to fill other containers or vehicles? 

1 YES 
2 NO (SKIP TO 850) 

0585 What is the size of your propane storage tank or tanks? (ENTER AS MANY AS APPLY) 

1 1-150 GALLONS 
2 151 -300 GALLONS 
3 301-600 GALLONS 
4 601-900 GALLONS 
5 901-1500 GALLONS 
6 DONTKNOW 
7 NO OTHER CHOICES 

0591 Does your company fill cylinders for customers, either on-site for delivery, or at the 
customer's site? 

1 YES 
2 NO (SKIP TO 630) 
9 DON'T KNOW 

Q595 How many cylinders are filled for customers? 

1 DAILY: 
2 WEEKLY: 
3 MONTHLY: 
4 YEARLY: 
9 DON'T KNOW 

0625 How many gallons are used [ ) to fill these cylinders? 

1 NUMBER OF GALLONS: 
9DONTKNOW 

0630 Does your company operate propane fueled vehicles? 

1 YES 
2 NO (SKIP TO 670) 
3 DONTKNOW 
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0631 Please give the type and number of propane vehicles you operate. (ENTER AS MANY AS 
APPLY) 

1 # FORKLIFT VEHICLES: 
2 # HIGHWAY VEHICLES: 
3 # OTHER VEHICLES: 
4 DON'T KNOW 
5 NO OTHER CHOICES 

0650 For your fleet of vehicles. how many gallons of propane are used? 

1 DAILY: 
2WEEKLY: 
3 MONTHLY: 
4 YEARLY: 
9 DONTKNOW 

0660 For your fleet of vehicles, how many transfers are made [ ]? 

1 NUMBER OF TRANSFERS: 
9 DONTKNOW 

0670 Do other users. besides your company, fill their propane vehicles and/or cylinders from 
your storage tank(s)? 

1 YES 
2 NO (SKIP TO 685) 
9 DON'T KNOW 

Q671 How many gallons of propane are transferred to other users' propane vehicles and/ or 
cylinders? 

1 DAILY: 
2 WEEKLY: 
3 MONTHLY: 
4 YEARLY: 
9 DON'T KNOW 

asao How many transfers do you make [ J to these propane fueled vehicles and/or 
cylinders? 

1 NUMBER OF TRANSFERS: 
9 DON'T KNOW 
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0685 Besides propane vehicles, does your company fill cylinders or transfer propane for any 
use not described? 

1 YES 
2 NO (SKIP TO 800) 
9 DON'T KNOW 

0686 For these uses, how many gallons are transferred? 

1 DAILY: 
2 WEEKLY: 
3 MONTHLY: 
4 YEARLY: 
9 DON'T KNOW 

0699 For these uses, how many transfers are made [ ]? 

1 ENTER # OF TRANSFERS: 
9 DON'T KNOW 

0710 How many days a week does your business operate? 

1 FIVE DAYS 
2 SIX DAYS 
3 SEVEN DAYS 
9 DON'T KNOW 

0800 Next, I would like to ask some questions about the types of equipment and procedures 
your company uses to transfer propane Are you also the person in your company who 
would know about the equipment and procedures? 

1 YES 
2 NO 

0801 Who would be the person in your company who knows about your propane transfer 
equipment and procedures? 

I would like to thank you for your cooperation. You've been very helpful. Could you 
transfer me to (REFERRAL NAME) please? 

IF UNABLE TO REACH EQUIPMENT / PROCEDURES REFERRAL, PLEASE NOTE THE 
NAME ON CALLBACK SCREEN. 

0802 Hello, I'm ______ calling on behalf of the Air Resources Board. We're conducting 
a study to determine the usage patterns of propane in California. Are you the person in 
your company who would know the most about the type of equipment and procedures 
that your company uses to transfer propane? 
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The Air Resources Board is doing a survey of propane refineries.wholesalers and users 
throughout the state in order to determine current usage patterns and transfer procedures 
of propane. The survey should only take a few minutes. Your responses will be grouped 
together with others participating in the survey and will remain completely anonymous and 
your answers confidential. 

0820 When filling cylinders, do you use a ... 

1 7141 MALE & FEMALE QUICK DISCONNECT FITTING 
2 QUICK ACTING SHUT-OFF NOZZLE 
3 A COMPACT ACME FILLER COUPLING 
4 EXTENDED SAFETY FILLER COUPLING 
5 SOMETHING ELSE 
9 DON'TKNOW 

0821 Is an adapter used most of the time for this operation? 

1 YES 
2 NO 
9 DON'T KNOW 

0822 What type of adapter is most commonly used? PLEASE DESCRIBE: 

0823 Of all the cylinders you fill . what percentage of those are filled using a bleeder valve? 

1 PERCENTAGE: 
9 DON'T KNOW 

0830 When transferring fuel on-site to propane fueled vehicles do you use a . .. 

1 A COMPACT ACME FILLER COUPLING 
2 A QUICK ACTING SHUT-OFF NOZZLE 
3 A COMPACT ACME FILLER COUPLING 
4 7141 MALE AND FEMALE QUICK DISCONNECT FITTING 
5 SOMETHING ELSE 
9 DON'T KNOW 

SPECIFY: 

0832 Is an adapter used most of the time for this operation? 

1 YES 
2NO 
9 DON'T KNOW 
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0834 What type of adapter is most commonly used? 

PLEASE DESCRIBE: 

0840 When transferring fuel for any other application. do you most often use a ... 

1 COMPACT ACME FILLER COUPLING 
2 A QUICK ACTING SHUT-OFF NOZZLE 
3 7141 MALE AND FEMALE QUICK DISCONNECT FITTING 
4 EXTENDED SAFETY FILLER COUPLING 
5 SOMETHING ELSE 
9 DON'T KNOW 

SPECIFY: 

0842 Is an adapter most of the time for this operation? 

1 YES 
2NO 
9 DON'T KNOW 

Q844 What type of adapter is most commonly used? 

PLEASE DESCRIBE: 

0845 For delivering propane from a Bobtail do you use a. 
(READ usn 

1 A QUICK ACTING SHUT-OFF NOZZLE 
2 A COMPACT ACME FILLER COUPLING 
3 EXTENDED SAFETY FILLER COUPLING 
4 SOMETHING ELSE 
9 DON'T KNOW 

SPECIFY: 

0846 Is an adapter used most of the time for this operation? 

1 YES 
2 NO 
9 DON'T KNOW 

0848 What type of adapter is most commonly used? PLEASE DESCRIBE: 

0820 Those are all of the questions that I have. I want to thank you very much for your time and 
cooperation. 
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APPENDIX E 
LPG Residential Data Results 

ESTI~.ATEO HAR>:!i PE!IEiiUTICN OF 
LICUIO PROPANE G.l<S FOR HOUSEHOLD HEATING 

STATE OF C::.LIFORNIA SY Co.JllTT 

ESilXAT:D 
ESTIMATEDP!:RC~!IT 
D\IELLINGESTIMATED 

t:. OF 1990 
D\lcLLINGS 

# OF UlUTSUSING ANT 
USING ANYD',/ELLINGLP GAS FOR 

LP Gl-SUNITSHEATINGCCUHTY 

5391.0SOt.10910.70 ALAMEDA 51213193a.82ALPIIIE 356012!!1427.78AMADOR 118057611515 .51SUTTE 870519153 45.t.SCAI.AI/E~AS 1108629517.60COLUSA 315223161709.97COIITRA CCSiA 70090917.70OE!. NORTE 188846it.5130.73El OORAOO 4:.45123556318.!!7Fi<ESIIO 933932910.00GLE!lll 3937S11347.70HUHSOLOT 2998365598.20IHPERIAL 1610871218.43[HTC 182.35198636 9.18l:Ei<N 102803054333 .33 ,:111cs 92062882231.9f.ui::E 28871035827 .87LASSE!I 15500431633434.90LOS ANCic:L:S 94343033i30.60HADUA 5337997575.35 HARIH 4217noo54. 76HAiUPCS.:. 1921336'-95 . 71HE!IOCC!SO 102105ol-1017.43 HERC:::l 43446729.2!!HC::::SiO 29021 C66' 27.22 HONO 16'-86121224 13.60MONTEREY 22674!.199S .13 NAPA 131!23735235.29NEVADA 140018750721.60ORAIICE 83567787910.73PI.AC!::R 33281194227.!!7PLUHAS 39675t.a3Z:.78.20R!VE~SICE 391684175749.33SACRAME!ITO 1t.H122.3011 .~9 S;.H oE!IITO l.l.!.715t..2!328.20SAIi SEi<!IARC ISO 46.3669462404.90SAIi DIEGO 31862328/.719.70SAH FitAHCI SCO 22(,.!.716627413.;0s;.H J~CUI!I !380902009.29S:.N LUIS CailSi'O 246752517829.!!0SAH MATcO 
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LPG Residential Data Results 

ESilMATED MARXET P!:IIEiiUTIOH OF 
LICU!O PROPAHE GAS FCR KOJSciiOLO >!EATIIIC 

SiAic OF CALIFORHIA SY CCUHTT 

ESTIMATED 

P!:i!~llT ES,IMATED 

0\IELLIIIGS ESTIMATE> O~'cLLIHG 

US!HG AHY t: OF 1990 f: OF UH ITS 

LP GAS FOR 0\/ELLIHG USIHC .vlT 

COO!HY >!EATTIIG UHITS LP G:.S 
s:.11u ;;;.;u;A;u 10 • .33 138149 14271 

s;.I1T.:. CURA 9.ea 540240 53376 

s:.11i.:. c..uz 8.55 91878 7856 

Sr.ASiA 27.137 60552 16876 

sre~;i;. 31.58 Zi6o u:. 
SISl:IYCXJ ,7. 87 20141 S613 

SCU/10 11.81 119533 14117 

SOHC.'!A 9.07 161062 1'608 

SiAHISLAUS 11.24 132027 14840 
SUTTH 16.55 24163 4000 

TE!!AXA 12.76 20403 2602 

TiWIITY 7.70 7540 sat 
TULARE 28.38 105013 29803 

TUOLUMNE 32.18 25175 8101 

VE11TUiU 1. 10 228478 2513 

TOLO ,a.as 53000 5751 

YUSA 15.51 21245 3295 

TOTAL l 1182882 929700 
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APPENDIX F 
Transfer Equipment 

GJobe end Angle V~lves 

Because of :heir sturdy maintenance-free cesign and con
s.ruc:ion. RegO globe and angle valves ara preiem!d for 
LP-Gas and NH, service. Ductile iron bodies and stainless 
steel stems to resist corrosion. Sering loaded TF: V-type stem 
seals and BUNA N seats for long-lived lealq::roof service. 

--~~i'\ ..... ,. 
E:. 

A751JAP A7514AP 

A7!07.lP 

lceal for all plant piping. Ecuicped wiih a¼" NPT plug to 
facilitate use ot venc valve or hydros~tic relief valve. Suitable 
for use up to 400 psig. T Series with teffon seats available 
on sceciaJ order. 

I Flow, GPMPart Number Propane~ 1 PSI 
Inlet and Buna N Seats I ietlon Seats - I Pres.sure Oroi:i• 

Outlet Size Straight I Anc;le I Straight I Angle I Straignl I Angle 
1,·;=~1PT - I - I TA7034P I TA7034LP I 10.0 
,.,; •;::NPT A750SAPI A7506AP I TA iSOSAP I TA7506AP I 12.0 
1" F'N PT A7507API A75C8API TAi507API TA7508API 11.a 
1 :~"F.NPT I A7509BPI A7SIOBPI TA75098PI TA7510BP I 36.5 
1:S"i=.NPT A7511API A7512AP I TA7511AP I TA7512.AP I ~-0 
1½" 3CO=ANSI R.F. Flanae I A7511F? I - I - I - I 46.0 
rF'NPT A7513.API A7514AP I TA7513AP I TA7514AP I 75.0 
r 3CO=ANSI A.F. Fianc;e A7513F? I A751-4F? I TA75!3F? I - I 78.0 
3 • r.NPT I A7517API A7518API TA7517API TA7518AP I :97 
3• :!00;;:ANSI R.F. Flanc;e I A751 7F? I A7518F? I TA7517F? I - I 197 

• !'a ccrain accrczimate now at 0111er :nan I FS1 o,.SSUtW croc. mulrro1y flow in raote ey scuar" 
rcoc ol orusu,. arco. Eiamcte: A75 l•F? -~ 9 FSlO • 1:i:i, ~ 399 G?M i:rooarie. For NHJ 
now. mutlioly by .SO. 

- rellon SHI on valves t:uill to on:er. 

I 14.8 
I I 7.7 

I 22.0 
I 54.0 
I 55.S 
I -
I 88.5 
I 133 

I ::!03 
I 303 
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-

1..p.:_J.aas.Valves 
GJcbe & AngJe:VaJves - . ·-· 

Squibb-Taylor "Hi-Flo'' Globe & Angle Valves 

At.:!08 & 310 Globe 
AL.309 & 311 Angle 
SCJLEWED SONNET 

Al.31%, 314, 311i ~ 320 Globe 
AL31J, 316, 317 & 321 Angle 
SOLml BOHNET 

.AL300 Series 
3/4" thru 3" Sizes 
1,L.'IQS IIWuo/1 Z21·"11t-flo" suie:s•LP-';lzs or NH, 
liqllid ot vapor servia, and otner gases. 

• Stainless Sll!el stems • 
• Resiietdswiwlsuis 
• Ouaile ilon bcldie5 

• Scrin9 lo.dee! dle-vron t!fton p.cxing 

WOG OIME.NSIONSPART NPT PORT APPROX.TYPE WOl!XINGHO. SIZE DIA. WT. LBS. .l I 8 D ECPRESS. 
,U.J08P 314• ~4•G:Ooe 2-1/2 ~. S-114"400 Ills. ~-1W 3-518"- -

;14•314•AL.JOSP An9Je 2·1/2 Ills. 400 Ills. 1-11/16" 1-112· ~9/16"3-718" 111- _u J1· 1·AL.310P -1,-3/4"Globe 4-1/4"Jllll. 400 Ills. s·- -
ALJ11P 1· 1·Anl;le 3-1/2~-

-
2· 2· 5-1/2"J Cs. 400 lbs. - 1,.........,--: 

6-1/4{: 7.314•W12P 1-1/4"1-1/4" GloOe 8 tis. 400 lbs. s·-
; &~ ;ALJ13P 1-1/4" Angle 1-1/4" 8 lbs. 2-112· 2-112· s-112·400 lbs. -

.ALJ14P 1-112· 1-t/2• 6-1/4~ .-GIObe 8-3/4 Ills. 1-11s·400 Ills. S-5/16"-·-. 6-t/8; .ALJ15P 1-112·1-112· Angte 8-t/2 lbs. 400 lbs. 2-~s• 2-5/8" 8-3/4"-- 9•2·Al.J16P 2· Glo~e 12-1/2 lbs. 400 Ills. 6-l'4" e· r11-
ALJ17P 2· 2· 3•11-3/4 lbs.Anote 400 lbs. 5-l'S" 3-1/8" B-1/2"- ~ I:3•. 3•ALJ20P 

-
g•Glolle 41 lbs. 400 Ills. 11-~16" 14-5/16"- - ~--+--1

ALJ21P 3• 3• 4• 4•Angle 37-1/4 lbs. 1(}-1/4" 14- t/4" 

Add ta patt no. 1or ac=ri~ d~..irecJ: II - All25 ify,l. ~ fie/ '-hl\-e-S.S. I - At9l1 Bleed V.~-S.S. P - Plug (sWd.raJ 

400 Ills. 

AL400 
"Economy" 

Serles 
1/2" and 3/4" 

I 0IMESSI0HSpART" I IIPT. 
TYPE L-~ -· HO. 5'2£ 8 I C I 0 I E 

AU101' - 112· 3-1/2- - / -
An;le 3-l'!.. .W11P 11z· 1-112 S-1/8--rm J!."AL41ZP :u~- ·G:ac, 3-J/8 ,,12- -

314•ALA131' "Angje 3-3,18 Vi.;..1-112 S-1/8,-.. . . '' 
l Alid to past no. IDt a=~ dfsind: 

II - .A1325 Raet-SS I - A1911 Slted-S..S. , - l'!u9 (SlalllWli) 

A1596R Hew! 
Liquid Withdrawal Valve 
With E1cess Flow Valve 

Buiil-in nyd,osi.tic re!iet v.tve rt!ieves 
inlemaily. 

I lal1t-1•1/4" M.NPT. 
OaUd•1• F.NPT. 
C:Osm-t Row-49 GF/A 

Norz: SQUlbb-t.-v.ot Jua7l' &JU:191' NH, 
Angle v.:.-..e. J15SOP & .usr.R NH, /,IUIII• 
PutPose 'hJ'm .n: ~ ;v-~le. 
~~o ssillQ1 !M. Relifl, JI015DP. 
.uo110LP. .uo110H. .l7s51P. Amal' 
NH3 'hlwsiltils:l .~.a. 
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us 

VALVES 

Gioll• and An,;le Valv.s 

Cilobc and a.ape valvcuc widcly11SCd u bulk plants 10 ccairoJ ps llcw 
tlle pipinJ system, at starace t:uu:s. 011 crucks, and at pum!I 

compressors. 
ForTI'E sea: disc,add T to basic type ovmbcr, e.i,. !'OlarorN4tar. 

~l!NUM8DI 

SUMC1E ,..,... 
'11!,,1 

1,~-
Ila.Tl-

1-11•· RtPT' I H>1•t1 =.,ot Jrrt••••• I -
H•t~l2 l =.111I-IITfH" t Ni1•1t - -

T- I 1121•11 iu1•u 1 I US..t 
r,:,,,t I H21•t4 1M1•1• I I ICIOa.12 

T .>HSI,-. I H2Ul'-14 ...,.,..1,1 - 1:.11... -
,rrn,,r I I ,,_, ,..,.... 72.T.Z -l."4- - ,,_,l/4•,:p,,,.,. I - I NU•04 12.12-

Emergency Shutoff Valvea for Bulk Planu 

at the transfer aR:L 

T)-pe N.SSO Snappy Joe e:ner-;c::cy slluco/Tval,,u (ESYs) are dcsipied 
(or in-liae iasallation. uiually nar a balkllucL The va!Ya provide a 
means o{sllumnsoilps in the event o(a llcsc rupture orpiping brak.s 

:-
"... 

~· _:_ 
IOO'r I"-OW" I PSIO j T"l'•I! 
SIZI! Cl""1!RINT1.&L ACCn.lO"'n HUMHR 

Emer,;enc:y Shu101t Valves for Railroad Tank C..r:s 

Scric::s :-1$60 Snappy Joe ESVs an: dc::si91ed er;,n:ssly (or ttucllmc~t 10 
lhe slluro(( V21w:s on riilroad can.II c:irs. Usually three /'IS60s wiU be 
used, r:,,o on the liquid line: and one on the vapor fine. 

. -T 
0 

l - . 7.--:~~ 
~ 

"'w ~ -, 
'->=-- ~ 

rt•~ NUWIOI 

• 
INl.l!T I 01/T\.£!' 1."1• 1 NIU

eaN,.rcno,.leoNNtc:icN !IMM Slrnile 
Type N-l80 b= e:td valves arc intcadcd (or c,uic:i: opcainr and cosier 
durin~ ~•ail u-aclc dc!mr:c::s o(LP-;u er :"iHJ. 

urse Filler Valves 

Type Dt:33--01-41 r&Jle-r val- ar: used oa AS->,fE: ttl\.C (cued a& llul.lt 
Ft.lacs. as -U as tan.Its IISCd ca !>obtail aad tr;II.SpOrt tr.:d:s. 
For r'.a, aad c:aia assc:b~, on!cr1167. 

T- I 2-11•· ...-·. 0au... 1 ...,c::,,,, I I 01M :z:14,Q 

7'-'f I i-11rlol......,.. I ~ I ,c,s_ I GIQc,QICll' I OIJ& 145..:11 

c,.., ...ou, 

r.,.....,.,.,... 
ai.o. 

---

"'""-I!U:PfOTk 

~-,~· 
, ,a-

,"'->t:::' I 

~JIN-,, ~ · 

SNUTOfll I I IVALV'I! HOSI! T"l'l'f 
CCMM(=ON C0PfH(=0H ACC!SSORlfS NUMHR 

T""Ff' I:>-•t•·w ...-1 ~.:~ I H,..29 ,_.c 
c..,- I HSCl~71 1306.07 
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-

'-LUCX•AC'ting ShUt•ott VaJv~s Leveraperation, for liquid transfer. especially hose end service. Designed 
to close tight in direction of arrow only. See page 27 for ACME 
connectors used with ttt~e valves. 

WF.NPT ~•F.NFT 7553TA - -~Rina No Forced Brass I 1.95 
J{"F.NFT ½"F.NPT 7553TB - 0-Afng No Rm;ed Brass I 1.95 
WF.NFT WF.NFT 7553TC - 0-Rinci No Forced Brus I 1.95 
½'F.NFr ½"F.NFT 7554SA - I Flange Ainq No Ductile Iron 7.:3 
l','F.NFT ½"F.NFT 7554LAV- - Flancie Rinci Yes Duc:ile Iron I 7.:3 
1/."F.NPT ¾"F.NFT 75545 - I Aanae Aing No Duc:de Iron 11.S 
¾'F.NFT 1/.'F.NFT 7554LV- - Franqe Ainci Yes Ductile Iron I 11.5 

1"F.NFT 1"F.NFT A7707l.. A7708L" TFEV-Rin,,
-. 

Yes Ductile Iron ATTOTL lS.O
A7708L 22.0 

1"F.NFT 1¾"F.ACME A779T"'" TFE V-Rinq Yes Ductile Iron 16.0 
"To obca,n 100n:,ximare flow 11 ome, 1/W\ 1 PSI ~ droll. multiply flow in cable by sciua,w nx,t of on:=re 
croo. E.umcle: 7~545 a 9 PSIO = 11..sx.Jg; 34.5 G?M on:ioane. For NH, flow, multioty by .00. 

-SUiit inV~l lr.lNe. 
-Special hose end valve wilh buill-<n ACME adaorer and minimum bleed. 

NH~ Multipurpose Valves 
ASD17 series also used for IiQuid R_EGC:,
withdrawal in LP-Gas tanks. All include 
¼" plugged (P suffix on part number) 
opening for attachment ot pressure 

A80180P 
gauge or hydrostatic relief valve . ' I 

~:;-~:rt:f. ·':.•":-Tanlc ~:··j .,.• Outlet: ;;:. ,:-,-, Hose,_;-,. ·Equatrzid.:crosfn,;i Flow··.·:~:~::~~: 
;;·€iinn&etio·; ~nnecllon·,A00lrfutl0ii ."Conriec:tJon -~~-Valve~ ·~GPM .NH;: · 

Filling• 
::._.. Number-: 

uA8016DP 1!{"M.NPT I - 1¾"M.ACMEf NIA 
4SYes1¼"M.NPT I 1"F.NPTA80170H- - (prooane 491 

!:OWithdrawal A80170P 1¼"M.NFT No1"F.NPT - rorooane !:51 
,4-5

1J{•M.NPfA80170LP ¾"F.NFT No- rcrocane 491 
Filling/ !:OA80180P No1¼"M.NFT 1"F.NFT 1¾"M.ACME (crooane 551Withorawal 
•Also used far va11C1r ecvaUzanon. 

-Au1omalic t:ade gressure e.'leclC valve built lnro sl'lul-<iff va!Ye, designed 10 relieY9 l!Ydl'OStadc gresn,re 
bade to lank. e!im1nari119 need to, secuate llydrosulic relief valve. 

j·~:~;;f~~~ ~to:·~-!°~~ ·~:..t·•~:\~:-=:rr t:;"~Vac0r?;;I /~~ .~ressu"!'::::1-~-~t:..:~.µ::: 
.·-:.:;---' -"''• "•' ~~ .:.,. .~,Part",.w-., c.,., T.anJr--·....: mereecr-·., .-:-~,:Gau,;e -~ Pres:unr Relfet 

~.Abgtr=itfo~ ,;jiumbei'J.,; ·eonrieafo',; '&inn·eaio~ o~-;r.Sioiriieiy ·2:;;wa1ve~~--;_
Vacor bleed. 
fixed liquid 
level vent valve. 
l)n!:SSUre <1au11e 

and 
PntS3Unl relief 

A8019T12.0 
Cutdfp tube 
to required 

l1n11t11 

1¼"M.NFT ¾"F.NFT A84CO AA31:?OUA2!:0 
(Included) 

valve 
•Nol insalled. Ord.,- saoaralely. 
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Hose End & Filler Valves lFiSHERj 

Type N480 & N481 Hose 
End Valves 
Type N480 hose end valves .re inlended for 
quic:lc opening and dosing during boillail 
tn.ic:lc deliveries of LP-gas 0t NH,. The N4aO"s 
unic;u1t design prevents it from being opened 
unless anacned to a 11/,-inc."I acme filler 
-..alve al lhe tank. The ~s• angle body ccn
figuralion gives maximum handling ease 
during lhe transter operation. 

lnc:reued Safely-Even with the operating 
lever in Ille open position. Iha N.ao Is d► 
si(lned to not ooen unless ccmec.ed. This 
prevents accidental opening during hose 
reel-up or a1 011111' limes. 

Operatlonal Ease - The ftuted coupler per• 
mits quidc aaacnment to tl'la r111., valve. and 
the operaling lever is Hsy to reach foropen
ing or e!csing. 

Filler Hose Adaptor-TYJ)e N480 indudes a 
filler hose adaptor (Type M570, page ~) 
which pennits tl'le hoseend valve and hose to 
be removed from filler valves ll'lal fail 10cos,. 
In suchca.se:i ll'le M!70 ~tor forms a seal 
on lhe fiUer valve l:ry means of a b.c:lc ch~ 
valve. 

~utlon: Other brands of fillet hose adap
tors should not be used with the N4BO 
because they could allow accfd ■ ntal 

opening of the valve while It Is being 
~rried. 

NH, Service - Type N481 /lose end valves 
(wilnout Ille Type M570 filter ho,e adapter) 
can be supplil<I for NH, ~l)ticalions. 

Specifications 

WeighC 5.~ lbs. (N'80): 4.2 lbs. (N481) 

Sody: Ouc:1ile iron 

C,;upling & Operating Lever: Stainless steel 

F!ow Tube: C-lrtxm steel. TFE ccated 

Tl'PE HUMBE.~ 

INLET I OUTUT LP•vas HH, 
1:0HHECTIOH (;QHHECTIOH Semct Senice 

1-in. FNPT I W..in. F. Acme I H4SO H4S1 

Large Filler Valves 
Type 0138·01<41 finer valves are used on 
ASME tanlcS found al bulk plants, .s well u 
tanks used on bobt.111 and tran5pon trucks. 
Heavy-duty ccnsuuc:icn throughout gives 
extra streng11'1 fcr sale, rapid ruring. 

Thic:lc waJlect bodies. along with formed seat 
retainer$, provide tcp perlcnnance. Gener• 
ous wrenching tla15 on bolh upper and lower 
body sedons rnaxe installation easier and 
prevent damage to internal pans. The effl
cienl/y designed flow c:iannel otters low re
si.sWlee to tlow tor best pump and hose rde. 

Laaka;e from lhe upperand lower bodycon
nec::on (0140 ar.d 01-41) is ~entl'd by a 

ciaJly machined groove in tl'la lower body. 
lntemal parts are of stress reliaved brass car 
stocx w,th tl'le ex~l)tion of stainless steel 
springs and stems. 

Typ• 0138 & 01J9 - Single-back check 
vallles for use witl'I eitller a supi:i lement.aJy 
bade c,edc valve (see ·G· S41rias il.bove) or a 
manual sl'lulctf valve (see page 17). 

,Ype 0140 & 0141-Convendonal two-piece 
design valves with both an upper and lower 
badt check. Th• bubble light upper t:adc 
died< has a resi1ient seat tot maximum ~r
w:e fire. A meta1-lc>ffl1tal lower bacx c:iedt 
protec".s against loss of tanlc c;ncents in a,, 
event of anac::dlN'lt and &.150 pennits rema,,
~ of tne upper b0c:y with iri. tanx uncer 

rasifient gulcal 11W is retain9d within a ~ ~eSSt.ll■.

IFIWHG CJJ'ACITT l USE WITH
(Al ,a psi; IACX CHECXUHE TYPECOJmlHEil I I BACX Iam:x NUMBER dflfenlltlal pnSSlll'II Yll.YE 

0out1te I 01~ I 100c--,.m I -COHHECTIOH COHHECTIOH• 

2-in.MNPT I2Yril.M.Acne 10!qpm IG112 erGt07S'"inafe I 0131 I 
Cowie I 0141 I 22!~ I -

3-in. MNPT 131/..in.M. Acne 
Sinai• I 0139 I fflgpm I G104 

. . ... 
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COUPLINGS and ADAPTORS 

Female Acme Filler Couplings Male Acme x Female HFTAdapters 

~ .. l 1£ 
TY,-f NUMIDI 

~ 
IIAU l'DUU W&SHfll 
ACMI! ....,. OWHGHO. 

.,_ 
I Sl-. 1-t1•· I ,,,. .........,, I = 

' 
,.,,.. ,,r 

IIUIZ2 
u,,....,, I - :ll'.:;JO2 ,_,,,.. ,rr 111n I - a.:7 ,.,,.. l/4• MIU I - 4U7 

nMA1.K OT?!l!II TYPCNUM•Ot ,.,,.. ,,.. .,,,. I - 12.:15 
.ACMa C0NNICl'10H l,DH:nl ~O.l«l. .,... StH• 1•lJ•• ,,r W21t - 1•.21,.,,~ ,,r_..,. T I I ..,.. -- a,, ,~,.- 11?' W212 I - IUl 
,.114• lf7'l»U'T 2-,rr ' MIOt - Z1MS 1-:1/A• l t•• 1E112, MZ1J - ,=-:.a 
t-.3/4," ,,r~,rr :r ' ,..,,. -- :l7.= ,..,,.. lt•• WJlM ll..,U 

1•l/4" '3/4"UNPT' :r I I w,u - ILJII ,.,,~ ,. M1t4 - :n.12 

1•l/..,- ,,.._..,. :r I - 11&21-4 51.M 141,• I ,. - ..,z.... u... 
1•l/•• ,,.. ...,...,. a-11r 2 I -- MUM 7~ ,.,,.. ,. 11501-12/1 I - ,1.::a ,.~,,... ,• \1,-,PT :r I I ..,,2 I - ~ 2-11•· ,.,,,. MSGt-11/H I - ~ 

1-.J/,&" 1"UN_,. T t - wu,..a 3,4.4(1 2-11•· l•f t•• 
,a,211 - I MU1•1'1t0 e,ue 

f.J/4" I t•u,.,,PT r 2 - I Mt.15-• :.a.r• 2·"'" ,•• ,7 .,.,.,.u,,2 I -~,,.. I 1•1/4" \INIPT ;,,.. l wno I - 7=-:.& ~.,.. 1•1 ,,... Mt,O I -
2-114• I l•ll•" MN..,.. ~,,,. , - I Ml121 ..~ ;,,,. :- MHZ ' -,.,,... ' ,.,,..~....,. ,.,rr . I '"'' I -- ~ >,,•. r 1Ett2• - I w,u..,1
~11,· I T'ANl'f' l-l/4'" l MtlO I - ,=... ~t1•• :r wsoa.2, I -
3-11,· I T\IHPT' ,..l/•• ' l I - I M1U &2.•7 3-, t , •• I T - I .w,u.,, 
.... ,,.,. I TUNn .,,-r ' . I.,,.._,_ I - -..,1 ...,,.. I ,. u10-.1• I -

I I I 22S.M I 
TIC$,&,I 

I....,,.. J"'UNPT .... ,,-;a • - Mel,&.,J4 ...,,.. ,. - l,U2t-24 

Fem.al• A<:me Vapor Return Couplings M.al• Acme z Miilt NPT Adaptor, 

~ 
\~ MAU MAU W.ASHt.R TYPt: NUMBER 

- ~(..--, 
.l.CMf "" CWHC. HO. a,.•• I ,.... 

~ 
l • I /•• 1/7' W0&.4/2 j -,..,.. J1,· IIEl1Z2 .........,J t -~ - 1-11•· ,. - I MU._..~• ~ 'P 7 1..:J/.&'" I 11r I MUI..&-
l•l/A* J/4. »JU I -
t•l/•'" l/-4"' - I MUI_. 

1-J1•· ' 
,. 

IEJ174 WlH I -
l•l/4" ,. - I MS11--I 

I.Jt•• I ,.,,.. W217 I -
FEMAU ),IAI.E I I TYP~ NUMefll l•l/4"' I ,.,,.. - ' WUT• IO 

ACMI N"1' lIHc:nl ~(,. '4<:I. I !IIH ' s,_ ,.,,... I ..,,.. "'" I -....,.. llr I 2-1/7' I ' I .,.,..,. I - 17. ! I 2-11•· ,.,,.. - I MJ:.& 

1-1 , •• llr ~,,.. I I ' MlM I - .~, 2·1 , •• I 1-11:r ra,:-s WSOt-1%/1 f -,.,,.. I 1/7' 2•1/Z" I ' I Ml.&1 I - 17.11 2-11•· I T JOOMf/101 -,.,,.. 117' 1·117' ' 
, 

' -1 WW6-4 ''-"" ,.,,.. T - I .wu.:.u11a 
t-=sr,· 31•· :)-JI•· I ' I ..,... I - .a.21 l,,,11•· r MSOJ.11 I -
l•l/A• ~,.. r • I - ....... 121;& ;,,.. :- - I ...... 
-~,...- ,. ).1/r ' ~ I MUI 412 :,,.11•· T 

llE.IIU 
Ml'I~ I -,.:,,,• ,. ,..,,.. I ~ I MMt--1 77~ .l-11•· I r - ' Jou..:,

,..:1,.- ,. I Mir I • - ....... ,a..a ....,4;• I r MS~tt I -
I ,. ,,•• t :r TICS-. 

I .WSl,&..U2•f1•• :)-llr ' 7 ' MUG' - i&-11 ....,.. I -
Mal• Acme Adaptors C-Rings fer Male .!.:m• Adaptors 

11) 
Tue 2.-1/4" .uid 3-1/4" :::ale adaptors risicd aboYe en be 
supplied vidl l"C?lac-c::ie:u ~piluzad c(~• c:a,.,.:i-

IAAU I WASHV, TrPt! "UM&OI lioaxl wasb.a rype of p£kct. 0-ri.llp ~ li¢m· sea.I ill 
.&CUI C'NN4.N0. In-a•' Ji..; mcsi cases lllu Ille ,r.,ube:s.,.,,.... ,..,.., ~JIZ2 Mffe I - lt. ~ 

,.31,• • t•ltrt 1€••2• w,n - 37. le 
l • l l A• • r.J/rf -"E'!•1• - ...,,.... !t..:111 

2-tt..--.2.urt ~•2S - MSJ._U - I CISCJIIPTlOM I TYP!NUM&DI 

~"···~"""' 'Ellfl MSJ~tt 1:zz.10 I ~ to,7.J1A• J.daC'O'I I T111SIT0012 ...,,.....,,.., TICS41 I WU~ 2011,.II I c--,,.,;,1•·--. I tH:t170U&2 

111.l7 

70.t:2 

"°-"' 
IM.::I 

17'2.3'1 

118~ 

Z:.,.!,2 

1n.t1 

= 
27.llO 

70.<D 

«A.::r 
It.CO 
.31.ea 

17.11 

24.Jl7 

1&.;"I 

~;)II 

"-1.70 

sz.n 
,1..::s 

= 
ee.!d 

M.17 

1~ 1..80·~·,~,..eo 
= : ~ 

l..90 

2.05 
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Male Acme x Male HPT 
Adaptors-Brass/Steel 
hit H4. DcscriDUCd 

57&:lC 
57630 
A215 
.121! 
,lZ,7 
AS7o!C 
AS7oSE 
,lS76;f 
.l233 
.l!:OZ.1 
.l!:D2! 
ASa3 
.l!:O:!.l 
A%!iZ 
.ISiE3H 
JSlilX 

1-V-4· ,en,. x 112· MliFT 
1-114" k:ne x l',• MNFT 
~4• .IC:naxl',• WIPI' 
l-l'4" kml·x t• MHPT' 
l-:V4" Jar.a I 1•V4" M.~FT 
l-:11-4• Jar.a 1 1/l'MNFT (Sit:!) 
t-l•,• krne I t• WIFT (SI.ea) 
l-:V-4" k:r.a 1 1-V4" MNFT (St::IJ 
2-V4" krrA I l-V-4" MHFT 
2-u,• /aN r 1•112" MNJ'T 
2-tW k::11 x 2" WIPT 
3-11-4• kml. 1 2· wm 
J.tW >an. r 2-112· MNPT 
:J.v4• k:m I l• MHPI' 
3-v,· ~ r 2· MIIFT 1s11e11 
+V4" k;rn,. x 3" MUPT !S~J 

fnreaa Aaaptors 
Male Acme 
I .female Acme Swivel 

lible 
~ 

Ms.1301 
MSAl02 
M62l (Sl!el) 

~: Acme FiUer Couplings 
~ 

Female Acme Aller Couplin!ii 
Part ff4. DesciDlici'° 
ASS!l t.Jf4" H:l'M 1 JW MNFI' 
A,&988 1.Jf,4• kfflt I I" MNF!' 

~ AS9SC J.J/4" krne 1 112• MHFI' 
A317S 1·l'4" krni I :,4• MHPT (Sle:!) 

--.-lii£:~l"!lf!'1L;;,1 A317S,\ t•:114• ~ I 1• !,IHPT (Stull 

Male Acme x Female 
NPT A.daptors-8rass/Steel 
5i'S2.l ,.u4• ,lcr..c r v4• F!IFT 
.1,.1.91!8 1-i/4" k;rn,. J :.'3• F11Fr 
5i62C 1-1/◄" .lar.e x 112· F11FT 
5ia20 1-V◄• k.-:-.e r l'◄• FIIFT 
.1%10 1<!W k:"~ 1 11◄" F11FT 
~8 1-:114• k:n1 x :?.-a• F11Ft' 
A21Z t-:114" km• 1 112· FNFT 
..llll 1·:lW k.111 I :!W FNFT 
A21-4 t.:ll◄• .kr.le 1 i- FHFT 
.l57SIW ,.c;,• kmr 1 Z'I" !011 1s~11 
AS7640 l·l'◄" kine 1 .?W P.IPT (Sile) 
1502.l 2•V4" krrA 1 1• F?IFT 
.l!:02!! 2· 11◄" kmt 1 1-tM• FNFT 
.lS02C 2-114" ,lane 1 1·112• FNFT 
A252 J-IW k:N 1 2• FNFT 
.125-0 J.1/4" k;r-, I J.tW f/lFT 
A2~S J.l/4" k::le 1 t-tt2• FIIPT 
5i'UJ J.V4" k:n1 I 2-112· FIIFT 
J,1S08°24 J.1/◄" Acffla I J• FIIPT 
.lS7&aH J. l/4 • .1cm1 1 2• FIIPT (Sitt~ 

Male Acme CDupler 
lZ70 1-u,• ~:ne 1 t-v◄• kme 
Am \.JW k:ne 1 1-:Y-4" .lane 
57"'114 2-114" )Cr.e • Z·1>4" :.one 
5769M J.l/4" ~ 1 J.114" ~ 

·- M100 1-1/4 • k.:;e 1 !1" All/PT 

.: Female Ac:ne Filler Couplings 
Patt H11. Oescriallan 
A120 2•lW .le::::~ I HW M:IFI' 
.ll:!0 J.1/4" k:ne 1 2" MNPT 
A:i1!S 2-v◄• k.-r-l 1 1-v◄• WIPT 1s1ee1J 
.ll195 ~V◄• /.1:,:r.t 1 ,• MNPT (Slftl) 

Female Acme Filler Couplings 
By Reuseable Hose Couplings 
Pvt Ha. Oesi:ti01ia11 
101 J.:Y4" ,l,:iN • 112" 1.0. Hau 
l02S 1-l'4• k.T-t I JW 1.0. l'.llse 
103S 1-J/4" k.-:-..a 1 1· LO. Hose 

-·l Female Acme Filler Couplings 
· \. Sy Clamp lype Hose CDupling 

~~~P211::..:..;H~4.::..,..,..._.=.0t:.:==·0;:.;.:tia:.;;n---::--:-::-'.".""""--
j,• MJ1&2-12S l·l'◄" k.Tot 1 ;;;,• 1.0. Hose 
: · MJ1&2-J2S J.1/4" ;.:.-:ie 1 2· r.o. Hou 

· Efunde Safety_ Female 
£ cme filler Couplings-Steel 
. Pztl Ho.. OtsaiDlion 

f,11:lDF l•JW k.""e , ;;;,• .',INFI'
_,::l!"I__ f,t1J1f I-JI◄• ,lane I 1• MNPI' 

J.7!i7Sl.S l•:lf◄• Jar,. 1 1-1/4" MNFT 
A7S7SU 1-3"4" 1'T-l 1 112· MNFT 

Acme Caps & Plugs 
Female Acme Caps 

Acme Vapor Couplings 

-- - - - - - . . -:..: -

Md1ER 
St.FfU'c:::,.tPAH°( 
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·

ACM£ Check Connectors for Lift Trucks 

7141 F and 7141 M 

. Theseocasseon~crsaree:spec::allydesigne:Ho join 11\e c:31"'-Uretor 
ruei lineto U'leservic:eval\,r on ult tr.:dl: cylinders.Sturdy, lo~ rasM9 
Ao.IE tnreaos allow Quiet. hand-t1;n1 ~embly tl\&! ;:toYides !or 
quic:i; ana :simple cylinder replacement. eacx c:nectts au1011l.l\ic:.aU)I' 
CJo:se in e.,c:h connec:or wl'len disconnec-..C::S. 

The 71.;1M c::iuples~irectly to tne :.er..a valve. An inte;t:11 0-ting is 
deigned 10 se.al belor.: 11".e intern41 cneex opens, aiding in procr,.;;;t 
I= ;:re~rion. A g.sllet al I/le ACV,E !/'Ir~ i:s a seo::nd:icy seo! 
wnen tt:e conneelorsare o;ncenel! :og:iner. Theconn~, titsR.egO 
lilt tt·.;d c:ylincertl!Jing adapters tor last. ccnvenienc filling. 

'The 714i F ecce::11s fuel 114'1e~teeandcoui:;les cireclly cc: u-.e 71-41 M. 
The C-1,ng se:?J in tne 71◄IM is design~ 10 :se:11 t.erore 1ne internal 
c:-:ecl opens to eUow i:::oouc: cc pass mrough t:ie ccnneciion. Tt.a 
I..,uried C:OL.11;:air.g easestnteadingend1r.eACME lhr~Cisprovide t:ipid. 
eftor:!ess ma.ke-Jp. even against LP-Goe: p<e~.sure. 

NOTE: R-efer 10 Ille -C7linaet and Service Valves• =ion cJ !.':e L-500 
czi3tcg !Dr il~dilion.t 1mc1mauon. 

Ordering lnforma.tlon 

7t4lF Fueiune 

...... :~r:·~}.:~· -~.. 
tu"''~- _ ·, 
.. . .. -

.... 
--~~~ 

7141M 

I J.ccai.aann• 
lhgO
Patt 

k"mo.r , J.~clic:11ioM-----------------,-----,-----
S.rrr«O ~ I "..-

JUHi 71•1FPv,,.,. F.NPT M.ACl.11: 

71<41F 

Il.JE·,_,.,..._/. 

• R1r,c..:a.mm.aGN to ..,...,.,.UW ,Gllll99'ftffl•1etwa lrt<••ll'r9 ir.1...... 

-I\CIIC0,,,,1,41•...,&1DIMU9•• 
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Full-away Valves 
Pull-away valves provide protection against gas escace 
at motor fuel dispenser.. should a vehic!e i;:ull ~with 
the hose c:.:::nr.ee.ed. eac.~ checks in t:och halves ara 
designed to c!ose when a tension load of approximate!y 
75 lb3. causes the pull-away valve to separ-,a. 

sFJ 
A2141AS 

For Fiiling 
Rates• I lnlet,md 

Outlet Size I Part 
Number 

Uo to 16 G?M I ¾"F.NPT I A2141A6 
Uo to :!O GPM I 1• F. NPT I A2141A8 

• Sued on 10 PSI pressure cn:r:, r:,rci:ane. 

Needle Valves 
Needle valves are used for small inexi:ensive shut-off 
and provide acC1Jrate tt,ror"Jing in torch arid small 
bumer applications. 

Inlet 
Connection · I Outlet 

Connec:ion I Part 
Number 

'·'•" M.NPT I '/," .'vl.NPT I 122-!WA 
,_,,.·.,a Ll-1. I 1

.',• M.NFT I 1:lt-!WA 
•:,, ·'-18 L.•'"i. I ¼" M.NPT I 1J16WA 
'!." .'vl .NPT I •1,,·-1a L!-i. I 1:l18WA 

1224WA 

(Gritrol) Fuel Line Filters 
Intended for use in licuid fuel lir.e to trac tcreign m.;teriaJ 
which otherwise might damage precision parcs in 
the carburetion system. 

Inlet 
Connec:ion 

NPT ! 
Outlet 

Connection 
NPT I Part 

Number 

'!," Female I '!," Male I 12802 
01,· Male I •t,· Female I 12304 

12!302 

Vent Valves 
(Fi.xed Liquid Level Gauges) 

These vent type gauging devices are used in 
the tilling oceration cf ccnt2.iner.. to ir.diC3te when 
the maximum cermitted filling level has t:een 
.;rr;;ined. Gauges with or without tut:es are .;.V2i!• 
able to fit the c:::nriguration of the container. Alf 
valves have 1/4 • M.NFT tank: c::innec:ion. 

3165 I No I I Hex neaa I 

Part I lnxcruc:ion I 
Number Plate Dlo Tube I,\c:!\Jatlon I Material 

:J165H I No I Optional" I :,,,.• Allen I Eras.s 
3165? I . Yes I I Hex r.eaa IIStainless boc:yI I iee

TA31S9F12..0 I No 12· Tetlon seat ciscHaridle Steei die ruee fl 
Tee I Stainless boayTSS3169 No No 3165HF12..0Hanc:!e Teflon seat di:sc 

••,vnotn cn:::enn9 vaivu wun c:ci rut• a=ec1. acd an F 111 Uta = nwnc« 

I I I 
3165F?12..0 

.,,a saecty -V- :an«;in in inc:,as aM tanens loUawin9 c:-.e F. 
Eumcie 31eeH~5 tor a ~-5 inc.'I die 111ca ac:ac.~aa ro a 31!5H. Die IUCIH 
znt avaiiacile in /Qllowi<l9 inc:.'! ltn«;tns:: '4.7. 5.5.. 6.9 and 10.5 
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