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ABSTRACT

The purpose of this study was to determine the usage patterns of Liquified
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 impcrtance 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
(SAl) 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 mode! which was used to calculate propane
emissions for six significant LPG use-categories:

Agricultural;

Commercial:

Engine Fuel Applications;
Industrial;

Residential; and

LPG Distributors.

O0000O0

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 totai 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 likelinood of human toxic effects in outdoor atmospheric
concentrations.

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

California Air Resources Board - Determination of Usage Patterns and Emissions for Propane/LPG in California
Contract Number A032-092 ~ Final Report — May 1992
PAGE 1



ACKNOWLEDGEMENTS

"This report was submitted in fulfillment of A032-092 Usage Patterns and
Emissions for Propane/LPG by Freeman, Sullivan & Co. (FSC) and Systems
Applications International (SAl) under the sponsorship of the California Resources
Board and the South Coast Air Quality Management District. Work was
completed as of January 1992."

FSC and SAl would like to acknowledge and thank the Western Liquid Gas
Association (WLGA) and the Nationai Petroleum Gas Association (NPGA) for their
cooperation in voluntarily providing expert information and data to this project.

DISCLAIMER

The statements and conclusions in this report are those of the contractor and not
necessarily those of the California Air Resources Board. The mention of
commercial products, their source or their use in connection with material
reported herein is not to be construed as either an actual or implied endorsement

of such products.

Note: For further information on this project and its findings, questions can be
directed to Charles DiSogra at Freeman Sullivan & Co. (FSC) or Lyle Chinkin and
Bob Jackson at Systems Applications International (SAl).

California Air Resources Board - Determination of Usage Patterns and Emissions for Propane/LPG in California
Contract Number A032-092 ~ Final Report — May 1992
PAGE 2



TABLE OF CONTENTS

Section Page Title
1 6 Summary and Conclusions
2 8 Recommendations
3 8 Overview of the Project

8 A. Background

9 B. Purpose and Objectives

9 C. Theoretical Approach

10 D. Limitations of the Work
4 1 Methodology
5 21 Results
6 39 Discussion
7 41 References
8 42 Glossary of Abbreviations and Symbols
Appendix A 43 NPGA Use-Categories and Descriptions
Appendix B 44 Urban/Rural Counties
Appendix C 45 Weights for Urban/Rural Data
Appendix D 47 ARB LPG Usage Study Questionnaire
Appendix E 58 LPG Residential Use Data Resuits
Appendix F 60 Transfer Equipment

California Air Resources Board - Determination of Usage Patterns and Emissions for Propane/LPG in California
Contract Number A032.092 - Final Report ~ May 1992
PAGE 3



Table Page

3a

3b

3c

3d

3e

3t

7a

7b

7c

7d

7e

7t

13

23
24

25

26

27

28

29

32

33

35

37

37

37

38

38

38

LIST OF TABLES

Title

Distribution of Sampling Frames by SIC Code and Urban/Rural
Designations

Resulits of Telephone Survey by Use-Category, SIC Code and Location

Agricultural LPG Use: Estimated Urban and Rural Propane Emissions by
Type of Container Transfer for 1391

Commercial LPG Use: Estimated Urban and Rural propane Emissions by
Type of Container Transfer for 1991

LPG Distributors: Estimated Urban and Rural Propane Emissions by Type
of Container Transfer for 1991

LPG Engine Fuel Use: Estimated Urban and Rural Propane Emissions by
Type of Container Transfer for 1991

industrial LPG Use: Estimated Urban and Rural Propane Emissions by
Type of Container Transfer for 1991

Residential LFG Use: Estimated Urban and Rural Propane Emissions by
Type of Container Transfer for 1991

Summary of LPG Usage (volume}, Frequency of Transfers and Prepane
Emissions for Six Use-Categories in California (1991 data)

LPG Usage (volume), Frequency of Transfers and Estimated Propane
Emissions for 58 Counties in California (1991 data)

LPG Usage (volume), Frequency of Transfers and Estimated Propane
Emissions by Air Basin for California (1991 data)

Amount of LPG Transferred and Emitted, and the Percent Emitted for Five
Urban and Rural Use-Categories (1991 data)

Maotor Vehicle Filling Equipment - Survey Responses (Percent) for
Agricuitural Use-Category

Mator Vehicle Filling Equipment - Survey Responses (Percent) for LPG
Distributors

Motor Vehicle Filling Equipment - Survey Responses (Percent) for
Industrial Use-Category

Motor Vehicle Filling Equipment - Survey Responses (Percent) for LPG
Engine Fuel Use-Category (Random Sample of Fleets)

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

Bobtail Truck Transfer Equipment - Survey Responses (Percent) for LPG
Distributors

California Air Resources Board — Determination of Usage Patterns and Emissions for Propane/LPG in California

Cantract Number A032-092 —~ Final Report - May 1992
PAGE 4



LIST OF FIGURES

Figure Page Title

1 31 Percent Distribution of Annual Propane Emissions by LPG Use-Category
2 34 Percent Distribution of Annual Propane Emissions by Air Basin

3 36 Percent of Used LPG Emitted as Propane for Five User Categories

California Air Resources Board — Determination of Usage Patterns and Emissions for Propane/LFG in California
Contract Number A032-092 —~ Final Report — May 1992
PAGE S



This page was intentionally left blank.



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 Assaociation (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 ?umber 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.

Calitornia Air Resources Board — Determination of Usage Patterns and Emissions for Propane/LPG in California
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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
Engine Fuel category as the highest with 0.101%.

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 Scutheast 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
mare accurate picture of LPG applications and resuiting 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
nct 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 cutage 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.

California Air Resources Board — Determination of Usage Patterns and Emissions for Propane/LPG in California
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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 cverfilling; and

0 the use of either "weight when filled" or "volume when filled”
measurement techniques.

Further emissions reductions may aiso 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.

California Air Resources Board ~ Determination of Usage Patterns and Emissions for Propane/LPG in Califomnia
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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.

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

Agricultural;
Commercial;

Engine Fuel Applications;
Industrial; and
Residential.

R

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 avaiiable 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 1890 RASS data for residential usage and commercial
estimates; and

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

All the data from the telephone survey and from RASS 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.

California Air Resources Board - Determination of Usage Patterns and Emissions for Propane/LPG in California
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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
popuiation 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 cade 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 SAl 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. anon-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 (DMV), staff at the ARB were able to
obtain from the DMV frequency counts of registered LPG-fueled
vehicles by county. The ARB provided to FSC and SAl 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:
©  astate-wide telephone survey to obtain original data; and

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

California Air Resources Board — Determination of Usage Pattems and Emissions for Propana/LPG In California
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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
puklished 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
Agriculturat 0711 Soil Preparation Service

0721 Crop Planting, Cultivating, Protecting
0722 Crop Harvesting (by machine)

0723 Crop Preparation for Market

0724 Cotton Ginning

Industrial 2911 Petroleumn Refining
1761 Roofing, Siding, and Sheet Metal Work
3312 Steel Work, Blast Furnaces
3441 Fabricated Structural Metal
3443 Fabricated Plate Work
3444 Sheet Metal

Distributors 5171 Petroleum Bulk Stations and Terminals
5172 Petrol & Petrol Product Wholesalers
53884 LPG (bottled gas) dealers

Engine Fuel 4225 General Warehousing and Storage
4226 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

California Air Resources Board - Determination of Usage Patterns and Emissions for Propane/LPG in Califormia
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to the NPGA, consisted ¢f 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 87 93
072x 635 1653
Industriai 2911 23 8
1761 2536 651
3312 153 39
3441 300 96
3443 195 46
3444 740 102
Distributors 5171 110 160
5172 515 267
5984 160 171
Engine Fuel 4225 2287 551
4226 355 81
Totais 8136 3931

California Air Resources Board — Determination of Usage Patterns and Emissions for Propane/LPG in California
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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 {80% confidence) on resulting estimates within each cell. This improved
to 8.5% for a use-category when the urban and rural data were combined (80%
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 randem 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 DMV information.

Weighting

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

[Py = S j1/Sj

Pij = the natural proportion of SIC code businesses (j)
within a given urban or rural use-category (j)'

&7 = the final urban or rural sample number for an entire
use-category (j)'

and:

Sij = the final urban or rural sample for a given SIC code (;)
and use-category (i)'
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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 resuits was:

[y * Sr)/Squ or rjl * [Ny + Ne)/Ny or r)jl

where:
Suj = the urban sample for & use-category (j)-
Srj = the rural sample for a use-category (j)'
Nuj = the total available number of urban SIC codes for a
given use-category (1-).
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 cbserved
and equipment such as nozzles, couplings, valves, etc., were examined.

Additionally, a preliminary set of questions and a list of "most widely used"
LPG fransfer equipment was reviewed at a Western Liguid 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, 1891. 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 survey, 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 1,288 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 28 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
1830 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
mode! and used as a surrogate for the commercial use-category. Resuits for
each county are in Appendix E.

Part2
LPG Usage and Emissions Model

Formuiation

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

The annual usage figures were taken from the 1889 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 (WLGA 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 fallctor 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 gatlons/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 informaticn). 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 equitpment. 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 = 10.9 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 cutage 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 1.5g/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 = gutage valve emission factor = 80.7 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 + (ou * 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)
ou = 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 fevel in one of two ways. First, for residential and commercial use-
categories, totals were distributed based on RASS data that gave the number of
househaolds 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 DMV 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 ccunties split between them were given
a percentage of the county total based on the area of the county in each Air
Basin.

LPG Transtfer 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 filler 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 thecretical 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 cut 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 rurai annual usage,
transfers and emissions. This table summarizes the five use-category totals from
Tables 3a-3f. These summary results are disptayed 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 resuilts 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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SIC

Use-Category| Code

AGRICULTURAL:

o711
072X

INDUSTRIAL:
2011
1761
3312
3441
3443
3444

DISTRIBUTORS:
6171
6172
5984

ENGINE FUEL:
4225
4228

Sub-Total

Sub-Total

Sub-Total

Sub-Total

Table 2.

1,298 Firms surveyed.

FIRMS IN URBAN LOCATIONS

Results of Telephone Survey by Use-Category, SIC Code and Locatlon

338 Firms who transfered LPG iIncluded in sample for data analysls.

FIRMS IN RURAL LOCATIONS

Doslired Total Transters LPG Does Not Deslred Total Transfers LPG Does Not
Sample |Surveyed (Actual Sample) Transfer LPG Sample |Surveyed {Actual Sample) Transfer LPG
No. No. No. % No. % No. No. No. % No. %
10 48 0 48 i0 43 10 a3
40 152 50 102 40 159 52 107
50 200 50 25% 150 75% 50 202 62 31% 140 69%
23 16 11 5 8 7 1 8
19 79 19 60 28 101 29 72
H 3 2 1 2 2 2 0
2 10 1 9 5 10 3 7
2 10 2 8 2 8 3 5
3 12 3 9 5 10 4 8
50 130 38 29% 82 71% 50 138 42 30% 88 70%
6 32 g 27 8 40 ] 31
20 80 12 78 18 80 18 72
24 32 27 5 24 28 26 2
50 154 44 29% 110 71% 50 158 53 34% 105 86%
21 161 1e 135 22 121 24 87
4 20 3 17 3 24 8 18
25 171 19 1% 152 89% 25 145 30 21% 115 79%
175 655 151 23% 504 77% 175 643 187 29% 456 71%




Table 3a. Agricultural LPG Use: Estimated Urban and Rural Propane
Emissions by Type of Container Transter for 1991

Total Estimated Propane Emissions = 42.3 tons/year

Smail .
Rural Storage Tk Cyilinders Vehicles Totals
Annual usage (gal): 216E+07 |IDN | 6.48E+06 |AN | 216E+06 |AN | 2.16E+07
% of Annual usage: 100% A 30°%H A 10% A
Container size (gal): 550 |S 10 |AS 40 |AW
Fill factor: 0.6 A 0.8 |A 0.6 |A
Fill size (gal): 330 (M 8|M 24 |M
Transfersiyr: 6.55E+04 {M | 810E+05 IM 9.01E+04 |M 9.66E+05
Approx time to fill (min): | 5.5 | MW 0.6 |MW 0.7 | MW
Disconnect emis
factor (gm/fill): 10.9 |[ES 10.9 [ES 10.9 |ES
Qutage valve emis
factor {(gm/fill): 126.1 |EW 14.6 |[EW 161 |EW
% Using outage valve: 80.04A | 75.0% S 80,0% A
Annual emissions (gmfyr): || 7.32E+08 | 1.77E+07 | 214E+06 271E+07
Annual emissions (tonsfyr): 8.1 19.5 2.4 29.9
% of Total emissions: 19.1% 48,1% 5.6% 70.7%f
Urban
Annual usage (gai): 8.96E+06 |DN 269E+06 |AN | B.96E+05 |AN 8.96E+06
% of Annual usage: 100% A 30%A | 10% A
Container size (gal): | 550 (S 10 |AS 40 |AW
Fili factor: | 08A | 0.8 |A 0.6 |A
Fill size (gal): f 330 M| 8lM | 24 |M
Transfers/yr: | 271E+04 [M | 3.36E+C5|M | 3.73E+04 |M 4,00E+05
Approx time to fill (min): i 5.5 [MW | 0.6 |[MW | 0.7 | MW
Disconnect emission
factor (gmAill): 10.9 |ES 10.8 (ES 10.9 |ES
Outage valve emission ’
factor {gm/fill): 126.1 |EW 14.6 |EW 16.1 |EW
% Using outage valve: | 80.0%A | 75.0% S 80.0% A
Annual emissions (gm/yr): | 3.C3E+06 | 7.33E+06 8.87E+05 1.12E+07
Annual emissions (tonsfyt): | 3.3 8.1 1.0 124
% of Total emissions: I 7.9% 19.1% i 23% 29.3%]
Combined Totals

Annual emissions (gm/yr): 1.04E+07 2.50E+07 3.03E-+08 3.84E+07
Annual emissions (tons/yr): 11.4 27.6 a3 423
% of Total emissions: 27.0% 65.2% i 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

Small
Rural Ster Tank Cylinders Vehicles Totals
Annual usage (gal): 1.25E+07 |[DN | 3.12E+06 |AN 6.23E+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 08 |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
factor (gm/fill): 109 |ES 109 |ES 10.9 |ES
Outage valve emission
factor (gm/fill): 114.7 |EW 14.6 |EW 161 |EW
% Using outage valve: 80.0% A 85.0% A 80.0% A
Annual emissions (gm/yr): || 4.27E+08 S.07E+06 6.17E+05 1.39E+07
Annual emissions (tons/yr): | 47 10.0 0.7 15.4
% of Total Emissions: | 11.8% 25.1% 1.7% 38.6%
Urban
Annual usage (gal): 1.99E+07 |DN 4.97E+06 |AN 9.84E+05 |AN 1.99E+07
% of Annual usage: 100% A 25% A 5% 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
Transfersfyr: 6.62E+04 |M 6.21E+05 |M 4.14E+04 |M 7.29E+05
Approx time to fill (min): 5.0 [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): 114.7 |EW 146 |EW 16.1 |EW
% Using outage valve: 80.0% A 85.0% A 80.0% A
Annual emissions {(gm/r): 6.80E+06 1.45E+07 9.83E+05 222E+07
Annual emissions (tons/yr): 7.5 15.9 1.1 245
% of Total Emissions: 18.89 39.9% 27% 61.4%
Combined Totals
Annual emissions (gm/yr): 1.11E+07 235E+07 1.60E+06 A.62E+07
Annual emissions (tons/yr): 122 25.9 1.8 39.9
% of Total Emissions: 30.6% 65. 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

Transport Bulk Bobtail
Rural Trucks Storage Tks Trucks Totals
Annual usage (gal): 2.80E+08 |DN 280E+08 |AN 280E+08 |AN 2.80E+08
% of Annual usage: 100% A 100% A 100% A
Caontainer size (gal): 10000 |AW 22000 |S 2200 1S
Fiil factor: 0.8 |A | 0.6 |A
Fill size (gal): 8000 |M 8000 |A 1320 |M
Transfersfyr: 3.4SE+04 |M 3.49E+04 (M | 212E+05 [M 2.82E+05
Approx time to fill {min); 23.0 |[MW | 23.0 |[MW | 16.5 |MW
Disconnect emission
factor (gm/Aill): 134.5 |ES 134.5 |ES 1345 |[ES
Qutage valve emission
factor (gm/Aill): 5229 (EW 5229 |[EW 375.5 |EW
% Using outage vaive' 1 26.0%S 26.048 | 20.0% S
Annual emissions (gm/Ayr): 9.45E+08 9.45E+06 4.44E+07 6.33E+07
Annual emissions (tonsfyr): 10.4 10.4 48.9 69,8
% of Total emissions: | 5.8% 5.8% | 27.2% 38.7%)
Urban
Annual usags {gal): 443E+08 |DN | 4.43E+08 [AN | 4.43E+08 [AN | 4.43E+08
% of Annual usage: 100% A 100%A | 100%] A
Container size (gal): ! 10000 |AW | 22000 1S | 2200 |8
Fill factor: i 08 |A | | 0.6 [A
Fill size (gal): i 8000 [M | 8000 |A | 1320 |M
Transfers/yr: | 5.53E+04 [M | 553E+04 |M | 3.35E+0C5 |M 4. 46E+05
Approx time to fil (min): i 23.0 [MW | 23.0 [ MW | 16.5 | MW
Disconnect emission
factor (gm/fill): 134.5 |ES 134.5 |ES 134.5 |ES
Outage valve emission
factor (gm/fill): 5229 (EW 5229 |EW 375.5 |EW
% Using outage valve: 26.0%S 26.04S 20.0% S
Annual emissions (gm/iyr): || 1.50E+07 1.50E+07 7.02E+07 1.00E+08
Annual emissions (tonsfyr): | 16.5 16.5 77.4 110.4
% of Total emissions: | 9.2% 92 | 43.0% 61.3%|
Combined Totals
Annual emissions (gm/yr): 244E+07 2.44E+07 1.15E+08 1.63E+08
Annual emissions (tons/yr): 26.9 26.9 126.4 180.2
% of Total emissions: 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

Small
Rural Storage Tk Cylinders Vehicles Totals
Annual usage {(gal): 282E+07 {DN | 1.69E+07 |AN 1.13E+07 |AN | 282E+07
% of Annual usage: 100.0% A 60.0% A 40.0% 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: 6.27E4+04 |M 212E+06 |M 470E+05 |M 265E+06
Approx time to fill {min): 7.5 |MW 0.6 [MW 0.7 |IMW
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 80.0% A
Annual emissions {gm/yr): 9.28E+06 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
Annual usage (gal): 5.83E+07 |D 292E+07 |AN 2392E+07 |AN | 583E+07
% of Annual usage: 100.0% A 50.0% A 50.0% A
Container size (gal): 750 |S 10 |AS 40 |AW
Fill factor: 0.6 |A 0.8 |A 06 |A
Fill size (gal): 450 |M 8|M 24 |M
Transfersfyr: 1.30E+05 |M 3.64E+06 |M 1.21E+06 |M 4.99E+06
Approx time to fill (min): 7.5 IMW 0.6 | MW 0.7 |MW
Disconnect emission
factor (gm/fill): 10.9 |ES 10.9 |ES 10.9 |ES
Outage valve emission
factor (gmyfill): 171.4 (EW 14.6 |EW 161 [EW
% Using outage valve: 80.0% A 75.0% A 80.0% A
Annual emissions (gmAr): 1.92E+07 7.95E+07 285E+07 1.28E+08
Annual emissions (tons/yr): 21.1 87.7 31.8 140.6
% of Total emissions: 9.9% 40.9% 14.9% 65.7%
Combined Totals
Annual emissions (gm/yn): 2.85E+07 1.26E+08 4.00E+07 1.84E+08
Annual emissions (tons/yr): 31.4 138.6 441 214.1
% of Total emissions: 14.7%4 64. 20.6% 100.0%
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Table 3e. Industrial LPG Use: Estimated Urban and Rural Propane

Emissions by Type of Container Transfer for 1991

Total Estimated Propane Emissions = 456.3 tons/year

Small
Rural Stor Tank Cylinders Vehicles Totals
Annual usage (gal): 7.51E+07 |DN 1.50E+07 |AN 1.13E+07 |AN 7.51E+07
% of Annual usage: 1009 A 20% A 15% A
Container size (gal): 500 IS 10 |AS 40 | AW
Fill factor: 0.6 JA 0.8 |A 06 |A
Fill size (gal): 300 |M 8 M 24 |M
Transfers/yr: 250E+05 (M 1.88E+06 |M 470E+05 |M 260E+06
Approx tme to fill (min): 5.0 |MW | 0.6 | MW | 0.7 [MW
Disconnect emission
factor (gmill): 10.9 [ES 10.9 |ES 10.9 |ES
Qutage valve emission
factor (gm/fill): 114.7 |EW 14,6 |EW 16.1 |EW
% Using outage vaive: 80.0%A | 824%S 80.0% A
Rural emissions (gm/yr): | 257E+07 | 4.30E+07 | 1.12E+07 7.99E+07
Rural emissions (tons/yr): 28.3 | 47.4 | 123 88.1
% of Total emissions: 6.2 ! 10.4% | 2.7% 19.3%f
Urban
Annual usage {(gal): | 314E+08 |DN | 6.28E+07 |AN | 4.71E+07 |AN | 3.14E+08
% of Annual usage: | 100% A | 20%A | 15% A
Container size (gal): | 500 |S | 10 [AS | 40 [AW
Fill factor: } 0.6 |A | 0.8 A | 0.6 |A
Fill size (gaf): | 300 {M | g|M | 24 [M
Transfers/yr: 1.05£+06 {M | 7.85E+06 |M || 1.96E+06 |M 1.0SE+07
Approx time to fill (min): 5.0 |MW | 0.6 | MW | 0.7 | MW
Disconnect emission
factor (gm/fill): 10.9 |ES 10.9 |ES 10.9 |ES
Outage vaive emission
factor (gm/fill): 1147 |[EW 14.6 |EW 16.1 |[EW
% Using outage vaive: | 80.0%A | 824%S | 80.09% A
Urban emissions (gm/yr): 1.08E+08 | 1.80E+08 4.66E+07 3.34E+08
Urban emissions (tons/yr): 118.5 ! 198.3 51.4 368.2
% of Total emissions: ; 26.0% [ 43 5% | 11.3% 80.7%;
Combined Totals
Total emissions {Qrm/yr): | 1.33E+08 223E+08 5.78E+07 414E+08
Total emissions (tons/yr): 146.9 245.7 63.7 486.3
% of Total emissions: 32.2% 53.8% 14.0% 100.0%
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Table 3f. Residential LPG Use: Estimated Urban and Rural
Propane Emissions by Type of Container Transfer for 1891

Total Estimated Propane Emissions = 198.7 tons/year

Small
Rural Stor Tank Cylinders Vehicles Totals
Annual usage (gai): 7.06E+07 |DN | 1.41E+07 |AN | 1.41E+08 |AN | 7.06E+07
% of Annual usage: 100% A 20%{ A 2% A
Container size (gal): 250 |AW 10 | AW 40 |AW
Fill factor: 0.6 (A 08 |A 0.6 |A
Fill size (gal): 150 (M 8 (M 24 |M
Transiersfyr: 471E+05 |M 1.77E+08 [M 5.89E+04 |M 2.30E+06
Approx time to fill {min): 25 |[MW 0.6 |[MW 0.7 | MW
Disconnect emission
tactor (gmyill): 10.9 |ES 10.9 |ES 10.9 |ES
Cutage valve emission
factor (gm/fill): 58.0 |EW 14.6 |EW 16.1 |EW
% Using outage valve: 80.0%A | 85.0% A 80.0% A
Annual emissions {gm/yr): 270E+07 411E+07 | 1.40E+06 6.95E+07
Annual emissions (tons/yr): 290.8 453 | 1.5 76.6
% of Total emissions: 15.0% 22 8% 0.8% 38.5%
Urban
Annual usage (gal): 1.13E+08 |DN 225E+07 |[AN | 225E+06 |AN 1,13E+08
% of Annual usage: 100% A 20% A 2% A
Container size (gal): 250 |AW 10 |AW 40 AW
Fill factor: 06 |A 0.8 |A 0.6 |A
Fill size (gal): 150 |M 8 |M 24 |M
Transfers/yr: 751{E+05 (M | 282E+06 |M 9.38E+04 [M 3.66E+06
Approx time to fill (min): 25 |MW 0.6 |[MW 0.7 |MW
Disconnect emission
factor (gm/filf): 10.9 |ES 10.9 {ES 10.8 |ES
Outage valve emission
factor {gmy/fill): 58.0 |EW 14.6 |EW 16.1 {EW
% Using outage valve: 80.0% A 85.0%4 A 80.0% A
Annual emissions (gm/yr): 4.30E+07 6.55E+07 223E+06 1.11E4+08
Annual emissions (tons/yr): 47.4 722 25 12214
% of Total emissions: 23.9% | 36.3% 1.2% 61.5%
Combined Totals
Annual emissions (gm/yT): 7.00E+07 1.07E+08 3.63E+06 1.80E+08
Annual emissions (tonsfyr) : 77.2 117.6 4.0 198.7
% of Total emissions: 38.89 59.1% 2.0% 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

| Agricultural| Commerciall Oistributor | Engine Fueli  Industrial | Residential Totals
Rural usage (gal/yr) 2.16E+07 | 1.25E+07 s 2.82E+07 | 7.51E+07 | 7.06E+07 | 2.08E+08
Urban usage (gal/yn) 8.96E+06 | 1.99E+07 o 5.83E+07 | 3.14E+08 | 1.13E+08 | 5.14E+08
[ Total usage (gal/yr) | 3.08E+07 | 38.23E+07 — 8.65E+07 | 3.89E+08 | 1.83E+08 | 7.22E+08
l i
Rural transfers/year | 9.66E+05 | 4.57E-+05 | 2.82E+05 | 2.65E+06 | 2.60E+06 | 2.30E+06 } 9.26E+06
Urban transfers/year | 4.00E+0S | 7.29E+05 | 4.46E+05 | 4.99E+06 | 1.09E+07 | 3.66E+06 | 2.11E+07
7'otal transfers/year | 1.37E+06 | 1.1SE+086 | 7.28E+4+05 | 7.64E+06 | 1.35E+07 | 5.96E+06 || 3.04E+07
|
Rural emissicns (tons/yr) | 29.9 15.4 69.8 73.5 88.1 76.6 | 853.3
Urban emissions {tons/yr) | 12.4 24.5 110.4 140.6 368.2 122.1 | 778.2
Total emissions (tons/yr) | 42.3 39.9 180.2 2141 456.3 198.7 | 11315
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Figure 1. Percent Distribution of Annual Propane
Emissions by LPG Use-Category
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Total Emissions = 1,131.5 tons/year (1981 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)

Usage Transters Emissions
Courtty UrbarvRural Totals  |Percent Totals  (Percert Totals  [Percert
Classification]  (gayn | ranym eonsym

Alamecda 9] A2E+07 46%) 1.34E+08 4.4% 47.8 439
Alpine R 1.42E 405 ood sSxXE+03 aod az 00X
Amagor R 1.44E+08 azHl SesE+04 ] 22 o2H
Buue R B 40F 4-08 QgH 270E+0S ogx 102 o8
Calaveras A 271E+08 c4d 1.0E+085 o3y 28 a3
Cowsa A 58X +0S Q1% 25X+04 1% 1.0 Q1%
Contra Costa u 2.0<E+07 28% B22E+05 27H 2368 28%
Del Narte R S95E +05 Q1% 2755404 a1y 1.1 Q1%
El Ooraco &l 7.025+08 1.0%| 281E+05 asH 11.0 0 %)
Fresno A 2E+T7 az%l 1.01E+08 3.3% 47.5 2 4%
Glenn R | 7.ceE+0S a1%l 224E+04 a1d 1.4 ot
Humooict R | 2=E+08 osx| 1.85£+05 a5y §3 o5H
Impenal [ 21CE+08 Q4%| 1.47E+05 asx 51 Q5%
Inya R 7.48E+05 Q14 216£+04 | a1y 141 a1
Kam R 1.526+07 219 7.052+CS 27 225 2%
Kings R 4.42€+08 asEl 1.80E+0S asx 7.2 Q=X
Laxe A 3225 +08 a4M 1.27E+05 0.4% 49 as%
Lassen R 1.22€+08 04 S11E+04 ozd 21 2%
Lcs Angeles U | 1.s1E+C8 2504 7.58S+08 2509 277.5 24.8%4
Madera R | aes=E+04 osu 1.e3€+05 o5 7.0 Q5%
Mann 9] | S12£+08 Q7% 212€+08 a7r¥ as a7
Manposa A 1 1.29€+08 0.2%| 4.84E+04 oM 20 a2
Mendacina A 2.C4E +06 azxl a65£+04 oy 42 0.3y
Mercea R £ 96E +06 oMl zex+os agd 107 a5y
Macoc R 2 9E+05 a0 1.2E+04 acd as 0.0
Mcna R B 76E+0S C1Y| 327E+04 1% 1.3 01%
Monterey 2l 1.11€+07 1.5%| 458E+0S 1.6% 189 1.7%4
Napa R 2785408 Q4 1.226+05 a4 50 Q5%
Nevaca A 471E+08 a7%l 1.86E+0S osd 7.3 06%
Qrange u 4152 +Q7 S7H 1.80E+408 S9% a8 5.5%
Placer i A i S2BE+08 Q7% 225E+05 a8¥ 23| a8
Plumas R 1 119€+08 QM 4L E9E+04 o2 22 G 2%
Riversice U | 2soE+07 7% 1.08E+08 26H 403 25K
Sacramento U | 2seE+07 26%| 1.04E+08 4% 42.8 a3
San Benno R | 1.C7E+08 Q1% 489E€+04 az¥ 1.8 a2
San Bemarcing R i 2esE+o7 | S3% 1.76€+03 599 620 8 2%
San Dlecs U il_s17E+07 7.2%1 2166+08 7.1% 784 7.1
San Franciscs | U | 1.95E+07 27% 7.78€+08 2.5% 253 25
San Jecacuin | u | 1.2s€+07 1.8% S13E+0S| 1.7H 208 1.6%
San Lus Obispo | R | azeE+08 Qg™ 29X +CS 1.0% 104 1.0%
San Mateg U | 1.6SE+07 2.3%| B85S7E+0S 22 27 219
Sarza Barbara R 1.0SE+07 1.5% 478E+05 1.64 167 1.6%
Santa Clara U 266E+07 S1%| 1.48E+08 454 523 8%
Samta Cruz | U 5 69E+08 Qg% 2MNE+CS agy a8 ary
Shasta | R 892E+08 1.0%H| 284E+CS oo 10.0 Q9
Slema R 22EH05 0o 8S4aE+L3 aod a3 0.0%]
Siskayou A 221E+08 03% 899E+04 a3 ae o
Sotana u B76E +08 1.2%] 2S1E+0S 1.2% 128 1.1%
Soncma 5] 8.685 +068 1.3%] IWE+CS 1.9% 154 1.3%
Stanustaus u | S.a0E+08 1.2%| 2A77E+CS 1.2% 143 1.2%
Sueer R 2.2€+08 CIN| RILEHO< a3d 3s Q3%
Tehama R 1.58E 408 02| 7.coE+04 o2y 25 02%
Tringy R L2405 Q1% 1.54E+04 a1 a7 a1y
Tulare A 1.1 E+Q7 1.8%] S48E405 1.84 29 1.8
Tugumne A _2B855+08 04%| 1.13E40S a4 45 a4
Ventura u 1165407 1.6%) S08E+40S 1.7%9 2.8 1.7
Yoio A 412ZE+08 osX| 1.E7E+OS asy 7.3 osx
Yuba R 1,955 +06 a B.E0E+04 a3x 28 03H
Toan 7.?@“@%’%’%@
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Table 6. LPG Usage (volume), Frequency of Transfers and Estimated
Propane Emissions by Air Basin for California (1991 data)

Usage Transfers Emissions
Alr Basin Totals Percent Totals Percent Totals |Percent
(galfyr) (tran/yr) (tons/yr)
Great Basin Valley 1.77E+08 0.2%| 6.95E+04 0.2%] 2.9 0.3%
Lake County 3.22E406 0.44 1.27E+05 0.4%] 49 0.4%
Lake Tahoe 9.66E 405 0.194 3.98E+04 0.1 1.6 0.1%
Mountain Counties 2.42E+07 3.3%] 9.70E+05 3.2% 38.2 3.4%
N. Central Coast 1.78E+07 2.5% 7.78E+05 2.6% 30.6 2.7
North Coast 1.03E+07 1.4% 4.54E+05 1.5% 17.4 1.5%9%4
Northeast Plateau 3.74E+06 0.5% 1.54E+05 0.5% 6.2 0.5%
S. Central Coast 2.85E+07 3.9% 1.28E4+08 4.2%) 48.8 4.3%
Sacramento Valley 5.41E+07 7.5% 2.26E+06 7.5% 87.4 7.7%
San Dlego 5.17E+07 7.2% 2.16E+06 7.2%] 76.4 6.7%
San Francisco - 1.47E+08 20.3%| 5.66E+06 18.8% 209.9 18.6%4
San Joaquin Valley 8.38E+07 11.6%| 3.55E+06 11.8% 146.9 13.09%
South Coast 2.23E+08 30.9% 9.43E+08 31.3% 345.5 30.5%
Southeast Desert 7.25E+07 10.0%] 3.18E+06 10.6% 114.9 10.2%
Totals 7.22E+08 | 100.0% 3.01E+07 | 100.0% 1131.6 | 100.0%4
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Figure 2. Percent Distribution of Annual Propane Emissions
by Air Basin

Total Emissions = 1,131.5 tonsfyear

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

Transferred (gal. used/jyr.) Emlited (gal./yr.) Percent Emitted
Category Rurat Urban Total Rurat Urban Total Rural Urban Total
Agricuitural 2.16E+07 8.96E+06 3.06E+07 1.22E+04 5.08E+03 1.73E+04 0.057% 0.057% 0.057%
Commercial 1.25E+07 1.99E+07 3.23E+07 6.31E+03 1.00E+04 1.63E+04 0.050% 0.050% 0.050%
Engine Fuel 2.82E+07 5.83E+07 8.65E4+07 3.01E+04 5.76E+04 8.77E+04 0.107% 0.099% 0.101%
Industrial 7.51E+07 3.14E+08 3.89E+08 3.61E+04 1.51E+05 1.87E+05 0.048% 0.048% 0.048%
Residential 7.06E+07 1.13E+08 1.83E+08 3.14E+04 5.00E+04 8.14E+04 0.044%% 0.044% 0.044%
Totals * 2.08E+08 5.14E+08 7.22E+08 1.45E+05 3.19E+05 4.64E+05 0.070% 0.062% 0.064%

* Tolals for Gailans Emilted and Percent Emilted includs Distributor emissions (see Table 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

QOverall percent including Distributor related emissions = 0.064%
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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 quickndisconnect fitting 5.2%
quick acting shut-off nozzle 10.3%
compact acme filler coupling 4.1%
extended safety filler coupling 23.1%
something else 40.7%
don't know 16.6H
% using an adapator 19.7%

Table 7b. Mator Vehicle Filling Equipment - Survey Responses (Percent)
tor LPG Distributors

Distributors
Motor vehicle filling equipment
7141 male & female quick disconnect fitting 5.7%
quick acting shut-off nozzle 37.0%
cempact acme filler coupling 11.4%
extended safety filler coupling 15.1%
something else 22.2%
don't know 8.5%
% using an adapator 14.6%

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

Industrial
Motor vehicle filling equipment
7141 male & female quick disconnect fitling 0.0%
quick acting shut-off nozzle 5.5%
compact acme filler coupling 1.6%
extended safety filler coupling 37.0%;
something else 38.0%
don't know 17.9%
% using an adapator 52.2%
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Table 7d. Motor Vehicle Filling Equipment - Survey Responses (Percent)
for LPG Engine Fuel Use-Category (Random Sampie of Fleets)

Random Fleets
Motor vehicle filling equipment
7141 male & female quick disconnect fitting 1.6%
quick acting shut-off nozzle 12.1%
cempact acme filler coupling 1.6%
extended sarety filler coupling 37.7%
something eise 30.19%
don’t know 16.7%
l
% using an adapator I 22.9%]

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

Non-Randem Fieets
Motor vehicle filling equipment
7141 male & female quick disconnect fitting 11.6%
quick acting shut-off nozzle 29.49%4
compact acme filler coupling 0.0%|
extended safety filler coupling 0.0%
something eise 58.8%
don't know 0.0%
|
% using an adapator | 23.5%

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

Distributors
Bobtail transfer equipment
guick acting shut-off nozzle 55.0%
compact acme filler coupling I 20.9%
extended sarfety filler coupling 6.8%
something else 12.0%;
don't know 5.2%
% using an adapator 17.6%
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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 czone formation potentiai 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 10 carbons have an average reactivity of 1.14 grams ozone per
gram emitted with a standard deviation of 0.3. Propane has a vaiue of 0.48 grams
0zone 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 weuld be treated in the CBM as slightly
less than half as reactive as the average paraffin with higher cartons. 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 prepane in the CBM
treatment would have a value of 0.5 gram ozone per gram emitted -- a vaiue 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 vaper 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 cutdcor
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

California Air Resources Board -~ Determination of Usage Patterns and Emissions for Propane/LPG in California
Contract Number A032-092 ~ Final Report —~ May 1992
PAGE 39



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 fcr 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 avaiiable
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
DMV  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.

SAl  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 assumpticn 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 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 far any other purpose
not described here.

Please Note: Though these categories contain more infermation 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 RURAL COUNTIES
Alameda Alpine
Contra Costa Amador
Los Angeles Butte
Marin Calaveras
Orange Colusa
Riverside Del Norte
Sacramento El Dorado
San Diego Fresno
San Francisco Glenn
San Joaquin Humboldt
San Mateo Imperial
Santa Clara Inyo
Santa Cruz Kern
Solano Kings
Sonoma Lake
Stanislaus Lassen
Ventura 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
Tuclumne

Yolo

Yuba
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APPENDIX C
Weights for Urban Data

NOVEMBER 6 Oun & Bradstreet
FINAL WEIGHTS Primary SIC Code Distributicn
UNIVERSE PROPOR- ACTUAL WEIGHTED WEIGHTED
SIC AVAILABLE TION SAMPLE WEIGHT  VALUE DISTRIB.
AGRICULTURE:
arz11 87 0.12050 48.00000 0.50208 24.09972 0.12050
o7 635 0.87950 152.00000 1.15724 175.90028 0.87950
Sub-tatal 722 1.00000 200.00000 200.00000 1.00000
INOUSTRIAL:
2911 23 0.00583 16.00000 0Q.04735 0.75754 0.00583
1781 2536 0.64251 79.00000 1.05730 83.524873 0.64251%
3312 153 0.03876 3.00000 1.67976 5.03927 0.433876
3441 300 0.07601 10.00000 0.98809 9.38092 0.07601
3443 195 0.04940 10.00000 0.64226 46.42260 0.04940
3444 740 Q.18748 12.00000 2.03108 24.37294 0.18748
Sub-total 3947 1.0000Q¢ 120.00000 130.00000 1.00CQ0
DISTRIBUTCRS:
5171 110 0.14813 32.00000 0.47438 21.57%62 0.14013
5172 515 0.45405 90.00000 1.12253 101.03135 0.45405
ssas 160 0.20382 32.00000 0.98089 31.38854 0.20382
Sub-total 785 1.0000Q 154.00000 154.00000 1.00000
FLESTS:
4225 2287 0.88563 151.00000 0.98029 148.02309 0.885483
4225 : 253 0.13437 20.00000 1.14285 22.97691 0.13437
Sub-total 2642 1.00000 171.00000Q 171.00000 1.0000Q
TOTAL 8096 4.00000 455.000C0 655.00000 4.00000
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Weights for Rural Data

UNIVERSE  PROPCR- ACTUAL WEIGHTED WEIGHTED
SAMPLE %ZIGAT  VALUE DISTRIB.

sI1C AVAILABLE TICN
AGRICULTURE:

a7 $3 0.05328 43.00000 0.25022 10.75945 0.053256
Q72X 1653  0.94674 159.00000 1,20277 191.24055 0.94674
Sub-toral 1746 1.00000 202.000C0 202.00000 1.000C0
[NDUSTRIAL:

0.00849 7.00000 0.16742 1.17197 0.00849

FAAR| 8

1761 651 0.59108 101.00000 0.94425 95.26%43 0.49108
3312 39 0.04740 2.000C0 2.35669 5.71338 0.04740
3441 $6 0.10191 10.00000 1.40637 14.0636% 0.1011
443 46 0.04883 8.00000 0.84236 6.73885 0.04883
3444 102 0.10828 10.00000 1.49427 14.94263 0.10828
Sub-rtotal §42 1.00000 133.0C000 138.00000 1.400Q0
DISTRIBUTCRS:

5174 160 0.267S6 40.00000 1.05688 42.27425 0.25T56

i 267 0.44649 90.00000 0.78384 70Q.54515 0Q.44849
23.00000 1.51359 45.18040 0.28595

5984 171 0.28595

Sub-tortal 5¥8 1.00000 158.00CQ0 158.00000 1.0g8000
FLEZTS:

4225 551 0.87184 121.00000 1.04476 126.41614 0Q.8718%
4225 81 0.12816 24.00000 0.77433 18.58386 0.12818
Sub-totat 632 1.00000 145.00000 145.00000 1.00000
T0TAL 3918 4.00000 643.00000 643.00000 &.00000
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APPENDIX D
ARB LPG Usage Study Questionnaire

Heflo, 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 volurne
of your propane shipments and transfers. Who would that person be?

Could you transfer me please?

Hello, I'm calling on behalf of the California Air Resources Beard. We're
conducting a study to determine the usage patterns of propane Gas in California. Are you
the person in your company whao 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.

First, | 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 TC Q70)
2 YES - TRANSPORT PROPANE (SKIP TO Q80)
3 NC
Is your company considered either a propane marketer or supplier?
1 YES (SKIP TO Q125)
2NO
Does your company buy propane from either a propane dealer or wholesaler?
1 YES (SKIP TO Q125)

2NO

When | ask you about the volume or frequency of your transfers or shipments, please tell
me if that amount is per day, per week, per rmonth or per year.
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Q70 How many gallons of propane do you use at your facility?

1 DAILY:

2 WEEKLY:

3 MONTHLY:

4 YEARLY:

5 NONE

9 DONT KNOW

Q80 How many gallons of propane are transferred onto transport trucks?

1 DAILY:

2 WEEKLY:

3 MONTHLY:

4 YEARLY:

8 DONT SHIP VIATRUCK

9 DONT KNOW

Q93 Howmanygallonsarefiled [ ] using a bleeder valve?

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

Q100 How many gallons of propane are transferred onto railcars?

1 DAILY:

2 WEEKLY:

3 MONTHLY:

4 YEARLY:

8 DONT SHIP VIA RAIL
3 DON'T KNOW

Q113  And how many gallons arefilled [ ] using a bleeder valve?

1 ENTER # OF GALLONS
2 PERCENTAGE:
9 DONT KNOW

Q120 How many rail containers are loaded [ ] 7

1t NUMBER OF CONTAINERS:
9 DONT KNOW
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Q122 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)

Q125 Do you have any large on-site storage tanks of 1,500 gallons or more?

1 YES
2 NO (SKIP TO Q165)
9 DONT KNOW

Q140 What is the water capacity of your large on-site storage tanks?

(ENTER AS MANY AS APPLY)
10,000 GALLONS
20,000 GALLONS
30,000 GALLONS
OTHER

DONT KNOW

NO OTHER CHOICES

DO WM =

Q146 ENTER OTHER SIZES:

1Al - e

Q151  When | ask you about the volume or frequency of your transfers or shipments, piease tell
me if that amount if per day, per week, per month or per year.

Q155 How many gallons of propane are transported to you?

1 DAILY:

2 WEEKLY:

3 MONTHLY:

4 YEARLY:

9 DONT KNOW

Q165 Are Bobtail trucks filled at your bulk plant?

1YES
2NO (SKIP TO 610)
9 DONT KNOW
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Q170 Do you operate the same number of Bobtails year round?

1YES
2NO (SKIP TO Q190)
9 DONT KNOW

Q180 And how many Bobtail trucks do you operate?

1 ENTER # OF BOBTAILS:
9 DONT KNOW

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

1 ENTER #:
9 DONT KNOW

Q200 How many trucks do you ADD during the peak season?

1 ENTER #:
g DONT KNOW

Q210 What is the water capacity of the Bobtail trucks loaded at your bulk plant? How many do
you have of each?

ENTER #:
1 1,600 GALLONS:
2 1,800 GALLONS:
3 2,400 GALLONS:
4 2,600 GALLONS:
5 2,800 GALLCNS:
§ 3,000 GALLONS:
7 3,200 GALLONS:
8 OTHER
9 DONT KNOW
A NO OTHER CHOICES
OTHER SIZE:

Q242 Are any of these Bobtails filled using a bleeder valve?

1 YES
2 NO
9 DONT KNOW

Q243 What percentage of alt your Bobtails are filled using a bleeder valve?

1 PERCENTAGE:
9 DONT KNOW
(ASK IF Q170 = YES)
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Q250 Do your average number of deliveries remain the same year round, or do you have a peak
seasan?

1 # DELIVERIES REMAINS THE SAME
2 HAS PEAK SEASCN (SKIP TO Q400)
9 DONT KNOW

Q255 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 particutar 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 Q2786)
2 PHONE

Q256 INTERVIEWER: PLEASE USE ARB-LPG SURVEY FORM B. BE SURE THAT ALL
BOBTAILS ARE ACCOUNTED FOR. DONT 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 QUESTIONNAIRE.

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

Q257 In order to fax this part of the questicnnaire to you, | need your name and fax number.

INTERVIEWER: ENTER FAX INFORMATION ON FAX COVER SHEET. PLEASE CONFIRM
COMPANY NAME AND SPELUING OF RESPONDENT'S NAME.

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

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

GIVE THE COMPLETED FORM TO YOUR SUPERVISOR AS
SOON AS YOU FINISH IT.
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Q260 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:
Q400 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:

Q475

Q500

For how many months does your peak season last?

1 ENTER # OF MONTHS:

9 DONT KNOW

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 SIXDAYS (REFINERIES ONLY)
3 SEVEN DAYS

9 DONT KNOW

Q580 Do you have any storage tanks of less than 1,500 galfons?

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

1 YES
2 NO (SKIP TO 850)

Q585 What is the size of your propane storage tank or tanks? (ENTER AS MANY AS APPLY)

Q531

Q595

Q625

Q630

1-150 GALLONS
151-300 GALLONS
301-600 GALLONS
601-900 GALLONS
901-1500 GALLONS
DONT KNCW

NO OTHER CHOICES

NOO L WN =

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

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

How many cylinders are filled for customers?

1 DAILY:

2 WEEKLY:

3 MONTHLY:

4 YEARLY:

9 DON'T KNOW

How many gallons are used [ ] to fill these cylinders?
1 NUMBER OF GALLONS:
9 DONT KNOW

Does your company operate propane fueled vehicles?
1 YES

2 NO (SKIP TO 670)
3 DONT KNOW
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Q631

Qeso

Qsé60

Q670

Qe71

Q680

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 DONT KNOW

5 NO OTHER CHOICES

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

1 DAILY:

2 WEEKLY:

3 MONTHLY:

4 YEARLY:

9 DONT KNOW

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

1 NUMBER OF TRANSFERS:
9 DONT KNOW

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

1 YES
2 NO (SKIPTO 685)
9 DONT KNOW

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

1 DAILY:

2 WEEKLY:

3 MONTHLY:

4 YEARLY:

9 DONT KNOW

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

1 NUMBER OF TRANSFERS:
9 DONT KNOW
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Q685 Besides propane vehicles, does your company fill cylinders or transfer propane for any
use not described?

1 YES
2 NO (SKIP TO 800)
9 DONT KNOW

Q686 Forthese uses, how many gallons are transferred?

1 DAILY:

2 WEEKLY:

3 MONTHLY:

4 YEARLY:

9 DONT KNOW

Q699 For these uses, how many transfers are made [ |7

1 ENTER # OF TRANSFERS:
9 DONT KNOW

Q710 How many days a week does your business operate?

1 FIVE DAYS

2 SIX DAYS

3 SEVEN DAYS
9 DONT KNOW

Q800 Next, | 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

Q801 Who would be the person in your company who knows about your prapane transfer
equipment and procedures?

[ 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/PRCCEDURES REFERRAL, PLEASE NOTE THE
NAME ON CALLBACK SCREEN.

Q802 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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Q820

Qs21

Q822

Q823

Q830

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.

When filling cylinders, doyouuse a. . .

7141 MALE & FEMALE QUICK DISCONNECT FITTING
QUICK ACTING SHUT-OFF NOZZLE

A COMPACT ACME FILLER COUPLING

EXTENDED SAFETY FILLER COUPLING
SOMETHING ELSE

DONT KNOW

OCoOhAEWOND =

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

1 YES
2NO
9 DONT KNOW

What type of adapter is most commonly used? PLEASE DESCRIBE:
Ot all the cylinders you fill, what percentage of those are filled using a bleeder valve?

1 PERCENTAGE:
9 DONT KNOW

When transferring fuel on-site to propane fueled vehicles do you usea . . .

A COMPACT ACME FILLER COUPLING

A QUICK ACTING SHUT-OFF NOZZLE

A COMPACT ACME FILLER COUPLING

7141 MALE AND FEMALE QUICK DISCONNECT FITTING
SOMETHING ELSE

DONT KNOW

O 0N H P -

SPECIFY:

Q832

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

1YES
2NO
9 DONT KNOW
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Q834 What type of adapter is most commonly used?

PLEASE DESCRIBE:

Q840 When transferring fuel for any other application, do you most oftenusea. ..

COMPACT ACME FILLER COUPLING

A QUICK ACTING SHUT-OFF NOZZLE

7141 MALE AND FEMALE QUICK DISCONNECT FITTING
EXTENDED SAFETY FILLER COUPLING

SOMETHING ELSE

DONT KNOW

O npwh —

SPECIFY:

Q842 s an adapter most of the time for this operation?

1 YES
2NO
9 DONT KNOW

Q844 What type of adapter is most commonly used?

PLEASE DESCRIBE:

Q845 For delivering propane from a Bebtail do you use a. . .
(READ LIST)

A QUICK ACTING SHUT-OFF NOZZLE

A COMPACT ACME FILLER COUPLING

EXTENDED SAFETY FILLER COUPLING

SOMETHING ELSE

DONT KNOW

O & W -

SPECIFY:

Q846 Is an adapter used most of the time for this operation?

1 YES
2NO
9 DONT KNOW

Q848 What type of adapter is most commonly used? PLEASE DESCRIBE:

Q820 Those are all of the questions that | have. | want to thank you very much for your time and
cooperation.
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APPENDIX E

LPG Residential Data Results

ESTIMATED MARKET PENETRATICN OF

LICUID PROPANE GAS FCR HOUSEHOLD HEATING

STATE OF CALIFORNIA Y COUNTY

ESTIMATED
PERCENT ESTIMATED
DWELLINGS ESTIMATED DWELLING
USING ANY 2 oF 1990 # QF UXITS
LP GAS FOR DWELLING USING AHY
COUNTY HEATING UNITS LP GAS
ALAMEDA 10.70 504109 535940
ALPINE 33.82 1319 512
AMADCR 27.73 12814 3560
BUTTE 15.51 76115 11805
CALAVERAS 45.45 19153 8705
CCLUSA 17.40 6295 1108
CONTRA CCSTA 9.97 316170 31522
DEL NORTEZ 7.70 9091 700
EL DORADG 30.73 61451 18884
FRESNG 18.87 2355483 44451
GLENK 10.00 9329 933
HUMSOLDT 7.70 51134 3937
[HPERIAL 8.20 36559 2998
[KYO 18.43 8712 1610
XERN 9.18 1984348 18235
KINGS 33.33 30843 10230
LAKE 31.9¢4 28822 9206
LASSEN 27.87 10358 2887
LOS ANGELES 4.50 3163343 155004
MADERA 30.40 30831 9434
MARIH 5.35 §97S7 $337
MARIPCSA 54.76 7700 4217
MENDCC NG 5.71 33845 1921
MERCED 17.48 58410 10210
MCZZ370 9.28 L&72 434
MGNO 27.22 104664 2502
MONTEREY 13.60 121224 16486
NAPA 5.13 LL199 2267
NEVADA 35.29 37352 13182
ORANGE 1.40 873072 14001
PLACSER 10.73 77379 8356
PLUMAS 27.87 11942 3328
RIVERSICE 8.20 483247 39679
SACRAMERTO 9.33 417574 39148
SAN BENITO 11.59 12230 1447
SAN BEINAROINO 8.20 £42332 122
SAN DIEGD 4.50 945240 L4366
SAN FRANCISTO .70 328471 31862
SAN JOACUIN 13.50 1866274 22647
SAH LULS C51¢F0 9.29 $0200 2380
SAN MATED 9.20 251732 26875
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LPG Residential Data Results

ESTIMATED MARKET PENETRATIOH OF
LICUID PROPANE GAS FCR HOUSCHOLD HEATING
STATE OF CALIFORNIA BY COUNTY

ESTIMATED
PERCINT ESTIMATED
OWELLIKGS ESTIHATED DWELLIKG
USING ANY # OF 1590 = OF UNITS
LP GAS FOR DWELLIKG USING ARY
COUNTY HEATING UNITS LP GAS
SANTA BARBARA 10.33 138149 16271
SANTA CLARA 9.28 540249 53376
SANTA CRUZ 8.55 91873 7355
SHASTA 27.87 40552 14376
SIERRA 31.33 2168 &L
SIsxivou Z7.87 20141 S813
SCLAHQ 11.81 119533 14117
SONCMA 2.07 161062 14408
STANISLAUS 11.24 132027 16840
SUTTER 16.53 24145 4000
TERAMA 12.76 20403 2502
TRINITY 7.70 75408 5a1
TULARE 28.33 105013 29803
TUQLUMNE 32.18 5175 8101
VENTURA 1.10 228473 2513
TOLO 10.85 53000 5751
Yusa 15.51 21245 3295
TOTAL 11182882 929700
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APPENDIX F
Transfer Equipment

Giche und Angle Yaives

Ideal for all plant piping. Ecuipped with 3 4" NPT plug to

Because of their sturdy maintenance-free design and can-
struciion, RegO globe and angie vaives are preferred for facilitate use of vent vaive or hydrosiztic relief valve. Suitatile
LP-Gas and NH, service. Ductile iron tedies and stainless for use up to 400 psig. T Series with teflon seats available

on special order.

steel stems (o resist corresion. Spring loaded TF= V-typa stem
seals and BUNA N seats for long-lived leakproof service. E ;

AT=QTAP
A7513AP A7514AP
Part Number Pro?:r:'a' gP‘IMPS l
inlet and Buna N Seats | Teflon Seats ™ Pressure Orop”
Qutlet Size Straight | Angie | Straight Angle Straight | Angle
HBUENPT - - | TA7Q34P TA7Q034LP { 0.0 14.8
¥UENPT ATSOSAP| ATS06AP| TATS0SAP) TATSQ6AP | 120 17.7
T*ANPT A7507AP| ATS08AP| TATSOTAP| TATSQ8AP| 178 | 220 ATS18FP
11 "FENPT A7509BP| ATSI0BP| TATSQSBP| TATS1CBP) 365 | 540 Wi .acr
14" FENPT AT7511AP| A7S12AP| TA7511AP| TATS512AP 23.0 ££.5 ENEAGL
114" 3CO=ANSI A.F Flange | A7511FP | — — — 45.0 ~
“ENPT A7S513AP1 A7514AP | TA7513AP| TA7514AP 75.0 88.5
2" 2CO=ANSI A.F Fiange | A7513FP | A7514FP { TATS13FP - 78.0 133
3"ENFT ATS1TAP| ATS518AP | TATS1TAP | TATS18AP 187 203
2" S00=ANSI A.F Fiange | A7S17FP | ATS518FP | TATS1TFP | - | 187 203
*To ettain approximare flow at other than | FSi creasure croo, multicty flow in taste by square
rcot af pressure croo. Examole: A7514FP 8 8 FSIO = 133 x V3=399 GPM grocane. Far NHy
flaw. muitipty by .S0.
"~ Teilon seat on valves Euiit lo arcer.
e e
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L.P.-Gas. Valves

Gilobe & Angle “Valves -

Squibh-Taylar “Hi-Fig” Globe & Angle Valves

AL308 & 310 Globe
AL309 & 311 Angle

AL312, 314, 316 % 320 Globe
AL313, 316, 317 & 321 Angle

-AL300 Series

3/4" thru 3~ Slzes

AL208 through 321-"HiFla™ series-LPgas or NH,
quid of vapor sarvice, and Omher gases.

» Shinfess szei stams -

* Resifient swivel seats
+ Ductle iren badies

* Spring loaded chevron leflon packing

SCAEWED BONNET BOLTED BOMNET
WOG DIMENSIONS |

PART | NPT PORT | APPROX.

Wo. | smE | TYPE| o | wr. s | WORKING T c | o0 | ¢ ’ ey '7
AL308P | w4~ [Gobe | v4v | 212ms | d00ms. | 4-vse - - 3587 | swam | € :
AL30SP | &= |Angie | 47 | 2-12ms.| d0ams. | 378° | it | teze = 5-9/167 [
ALIIOP| 17 | Glode 1 Ibs. | 400ms. | 44t - - PRV § g
ALI11P 1= |angie | 1~ Jbs. | 400k | 2% 2° 2° - 5-12¢ .
M312P | 114" | Giode | 1174 gbs. | ao0ms. | Gl - - 5 | 7
AL313P | 1-w4~ | Angle | 1-1/4° 8 bs. | 400 Ibs. s6r.|  2ape | 272- - g-12-

AL314P | 112" | Giove | 1-127 | 8Wdms. | 40ams. | &uai | i - 55060 | 78 .’- —l-
AL31SP | 1-1/2° [Angie | 1-12* | 812 bs. | 400ms. | Gvas | 288 | 2.58- = By | € -
AL316P{ 2= |Gote| 2 |12w2bs. | 400Rs. | &I | — = 5 9 : 1
AL317P 2* |ange | 27 |1-ams | 4oms. | S3E- 3 | 3us - g-1r2- t !
AL3zop 3 | Globe 3 41Ds.{ 400Rs. | 11-5/16" - - §° | 14-8/16" -,'—J-
AL321P 3 | ange | 3 larams | woms | 10-14- 4 4 [ - 14174 o

B — A1911 Bleed Valve—SS. P — Plug (standarq)

Add ta past na. lor iccessaries desired:

R — AI325 Hyd. Refief Valve—S.S.

AL400
“Ecangmy"’
Series
112" and 3/4”

FART" | NPT, L OIMEHSIONS
. [ rves A ] 8 0 E
ALZ1OP |- 172 | Gobe | 338 | - | — {3m| -

JALATIP | 127 | Angle | 338 | 1-112 /134 - 518
AL412P | 24~ |-Giode | 328 | — /— ;1:2 -
ALAI3P | 4= |“Angle | 3308 2 l 4 |- 5178
!Mdmpmno.ta:motliesdaim:

R — AtmSReliel—SS B — AI911Elesd—SS. P — Plug (smndard)

A1536R New!
Liguid Withdrawal Valve
With Excess Flow Vaive

Built-in hydrosttic refief valive relieves
internaily

Infet-1-1/4* M.NPT.

Outlet-1° F.NPT.

Closing Flaw-43 GFM

Note: Squibb-Tavior ALIT? & ALAIP NH,
Angle Vaive, A1550P & A1537R NH; Mull-
Purpose Valves a2 also avariasle.

Rego 532001 Hvd. Reliel, ABOTE0P,
AS017DLP. AS0170H, A7551P, A7S50P

. NH; Valtves ara also avaitle.
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VALVES

Giobe and Angle Yaives

Globe and angle vaives are widely used 3t bulk plants to conol gas flew
in the piping syszem, 2t starage tanks, om trucks, and ac pump
compressors.

For TFE seat disz, 2dd "I~ 10 basic type aumber, e.z, N310T or NAIOT.

TYPE NUMBER
INLET & QUTLET Heavy-Outy Yervioa £coasmy Versren
SERVICE | CCNNEGTIONS | Glode | Angie | Glede Angie
1/ZFNPT | N301-04 | N4t —_— —_— T1i%a
=== 374° FNST W331-04 ] P 11248
o 1" FNFT N301-08 | MAO1-38) . — 1078
g ":’ﬁ" 1044 FNPT | N316-18 | Natge1g | —— —_— F=XT]
NH3 1-1/2° FRPT H310=12 | Nd16-12 — — =x1a
T FNPT M310-18 | Hato-1s | — — 25631
Nasa T NPT N310-24 | N410-36 | — — f{tosc2 ]
3" ANS Flange | Nl10K24 | NaTQE-24| —— m— 1241.48
N419 W Tpss NATCF-24 PG T FNPT — — | _H3so0d | Masoos | 7273 |
174° FNST — — N130-08 | Naso-0s | 7272
Emergency Shutatf Valves for Buik Plants
Type N350 Snappy Joe emergency shutoff vaives (ESVs) are designed
—-—-—m {or in-line inszallation, usually near 2 bulkhead. The valves provide a
i ‘__‘ "? 1 <5 meansof shucting off gas in the eveat of a hese ruprurs orpiping breaks
' " | é-}'/ at the transfer area,
gooY |mow® 1 esia oL
SIZE CIFFEAENTIAL ACCESSORILY NUMSER
1e1/4° FNBT | 125 com P1648 Cace Rewense N3SO18 40741
TENET | 130 eem Fu?’*‘:;éncm:u N3so1s | Tiast
"ENET | 280 com T11358 Conmros Varms | N384 | 11C207

Series N560 Saappy Joe ESVs are designed expressly for actachment to
the shuroff valves on railroad @nk cars. Usuaily thres NS6Cs wiil be
used, rvo on the liquid line and one on the vapor line.

SHUTOFE
NIPPLE VALVE HosE TYPE
LENGTH | CONNECTION | CONNECTION | ACCESSORIES| NUMSBER
iype P3| gisge | 1500.02
Coutring Niei.2¢ | 135407

2187 T UNFT ]:;--,ru Aml
' 3

Hose End

TYPE NUMBER

- ‘:_L . CTL =] " ECTION IL’1- 3-:'::
i : 2 . . - - MM M | CONN ¥ arves L]
s TypeA N4go besev ead vaﬂ. are intended !arq:mk opeaing aad clcsing cal';iﬂ TTE e ] e T — T
during hovrail rreck daliveries of LP-zas or NH3. e T3/ F deme | — 1 man } xr.es

Large Filler Yalves
Type D158-D141 filler valves ars used 0g ASME tanis found at Bulk

.*.!-PL .
. '}Q B] i plages, as weil as tanks used ca bodail 2ad LrInsPOrt wLcks.
B e 1 For ring and chain assexbly, orcer P167.
4 -
's-—-?‘f &
‘ P nLUNG CAR. |  USEWITH
4 CENTAINER LINE sAcX | (Dtopag | BACXcCHECK] TYRE
l‘ : 5 CTNNECTION | CONNECTION |CHECX | ant jrvssy VALYE NUMBER
0138 or 0123 La TMNFT | 2174 M dered Souce || 103 com — | Ot | maq
" —_— TNNGT | 2116 M A | Sivgom | 103 gpm SII2eGIOT| 0134 1454
01 or 0141 5" MANFT F1/a° M scme ) Coutte | 22 ¢om — a141 41443
3 NPT 31j4" M, reme| Soos | ITSgom Gice o132 7848
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HUICK-AC’UHQ Shut-UTr Valves Leveroperation, for liquid transfer. especially hose end service. Designed
to closa tight in direction of arrow only. See page 27 for ACME
cannectors used with these vaives.

ATIOTL AT7O8L

e P e o B L e e e s S/ FIOW.GPMZE %
AT aﬁgﬁﬂﬁm‘i’fﬁ ?éwm R s g
on3| & SYaight| 3 ARG’ ks “Hiﬁdfﬂ'* SyaMatecal 2| 7 2
75537 - No Forged Brass 185
A7S53A — O-Ring No Ductile Iron 1.95
7S53TA — -O-Ring Na Forced Brass 185
7553TB - O-Ring No Forged Brass 1.95
7553TC - O-Ring No Forced Brass 1.95
7554SA - Flange Ring No Ductie lroa 7.3
7554LAY™ - Flange Ring | Yes Cuc3le iron 73
75548 - Flange Ring | No Cuctile Iron 115
7554Lv™ — Flange Ring | Yes QOuctile Iron 11.5
ATIOTL~ | ATTO8L™~| TFEV-Ring | Yes |Ductileiron | 47707L 180
1'ENPT 1% "FACME - AT797™| TFE V-Ring Yes Ductile iron 16.0

“To cttan aoproximate flow at omer than 1 PS] pressura drog, muitipty flow in Gble by squam reot of pressure
croo. Examcie: 75548 8 8 PSID = 11.52v3 = 34.5 GPM propane. For NH, flow. multioty &y .20.

Suiil in vent vaive, sy

~Seecial hosa end vaive with built<n ACME adagcter and minimum bleed. % .

NH., Multipurpose Valves
AB017 series also used for liquid RE Ga

withdrawal in LP-Gas tanks. All include
%" plugged (P suffix on part number)

opening for attachment of pressure ABO1EDP 2 :
gauge or hydrostatic relief valve. . “w L Sy s
é ::; s‘
oS e o s Bl -“Part'- T Tank yiz] -+ Outtet:s|<ws Hosa i3 |-Equailzed Closing Fiow =
'Auulré.n!on o Connection | Connectlon | *Connection | >= Vaive ¥ '\ X GPM NH37| % &
Filling® AZ016DP % M.NPT — 1¥%"MACMEl N/A 44
5 . 45 A80180P
ASOI7DH™| 1%4"M.NPT| 1°ENPT - Yes | (oro0ane 491
. - £0 E
Withdrawal | A8017DP 14"M.NPT | 1*ENPT - No {Brogane =51 ‘:f ARGITDP
- - 6 gt
ABOTTDLP | 14"M.NFT| ¥%"FNFT - No | (cropane 49) il
Filling/ . - " &0
Withorawal | ABO180P | 14"MINPT| 1°ENPT [1%"MACME|[ No |0 -ne sg

*Also ysed for vapar equalizanon.
T~Automatic back pressure check vaive built Into shut-off vaive, designed to ralieve hydrostatic pressura

back to tanik, etiminating neea {or separate hydrastatic relief viive.

T, T Pressura=tafi e
PR [ 3 Tank=—3 |’ g ‘_Gauga‘-'-‘.;"::‘ Pmsursﬂalrur
3% Appileations | * -| Gannsciarr| Conriecion | Ordar. r Ségarately| seAValve sz
Vacor bleed,
fxedliquid = |AasotsT120
evel vent valve,

Cut dip tube a » AAJ130UA250
pr:ns.'&ure gauge | 1 recvired 1%"M.NPT | ¥%"ENPT A84C0 {Inciuded)
pressurs reliet | 12790
valve

*Not instaifed, Order separately.
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Hose End & Filler Valves

l FiSHER'

Type N480 & N481 Hose
End Valves

Type N4BO hoss end vaives are intended lor
quick opening and closing during bootail
truck deliveries of LP-gas or NH,. The N480's
unigus design prevents it from being opened
uniess artached !0 a 1¥.-inch acme filler
vaive at the tank. The 45* angle body con-
figuration gives maximum handling ease
during the transfer operation.

Increased Satety ~ Even with the operating
lever in the open position, the N430 is de-
signed 10 not open uniess connecied. This
pravents accidental opening during hese
reei-up or at other times.

Operational Ease ~ The fluted coupler per-
mits quick attachment to the (iler vaive, and
the operating ever is easy 0 reach foc operr
ing or closing.

Filler Hose Adaptor-Type N480 inciudes a
filler hose adaptor (Type M570, page 233)
which permits the hose end valve and hose (o
be removed from filler valves that fail to clase.
In such cases the M570 adaptor forms a seal
on the {iller vaive by means of a back check
vaive.

Caution: Other brands aof filler hose sdap-
tors should not be used with the N48Q
because they cauld allow accidental
cpening of the valve while it s being
carried.

NH, Service —= Type N481 hose end valves
{without the Type M570 filler hose adaptor)
can be supplied lor NH, applications,

Specifications

Weight: 5.3 Ibs. (N480); 4.2 Ibs. (N481)
Body: Ductle iron

Csupling & Operating Lever: Stainless steel
Flow Tube: Carbon steel, TFE coated

TYPE NUMBER

INLET QUTLET LP-gas | NH,
COMNECTION| CONMECTICN | Servica | Service
1-in. FNPT | 1¥ein. F. Acnie | N480 | Ndat

Large Filler Valves

Type D138-0141 filler valves are used on
ASME tanks found at buik plants, as well as
tanks used cn dodtad and transpon trucks.
Heavy-duty ccasuucion throughout gives
extra strength for safe, rapid filing.

Thick walled bodies, along with formed seat
retainers, provide lop pericrmance. Gener-
ous wrenching flats an both upper and lower
body secions make installation easier and
pravent damage 10 intemal pans. The effi-
ciandy designed flow channel offers low re-
sistancs 1o flow for best pump and hose life.

Laakaga from tha upper and lower body con-
necson (D140 and D141) is pravented by a
resilient gaskat that is retained within 3 spe-

dally machined groove in the lawer body.
lntemnal parts ars cf swress refigved brass bar
stock with the excepton of stainless steei
springs and stems.

Type D138 & D133 - Single-back checx
vaives for use with either 3 supplementary
back check vaive (see “G™ series abave) ora
manual shutoff vaive (see page 17).

Type D140 & D141 —Conventional two-piece
design valves with both an upper and iower
back check, The bubble tight upper back
check has a resilient seat for maximum sar-
vice file, A metal-to-matal lower back check
protects against loss of tank centents in the
avent of an acsident and aiso permils remov-
al of the upper bocy with the tank uncer
pressurs.

FILUING CAPACTTY USEWITH

CONTAINER UNE BACK TYPE (At 10 psig BACK CHECX
CONNECTION| COMNECTION® CHECX | NUMBER | ditfereatial gressure) YALYE

. Y Double | D40 100 cem -—
2-in. MNPT | 2¥rin M. Acie Singie s 105 som G112 0t G107

N . Dougle D141 25gem s

1, s

3 MNPT | S¥ein M AST® [ Sincte | D139 Zrgom | Gios
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COUPLINGS and ADAPTORS

Female Acme Filler Coupiings Male Acme x Female NFT Adaptors
MALE | FEMALE | WASNER FYPE NUNEEN
i ACME NPT DWNG NO. Brasa | Stesd |
u 1.1 /4% 144° Mare4r2 | — 222
z 4 1-1/4% /8" =z Mave—£/3 — 730
te1/4® (s Miv2 — 2037
1e1/4° e M133 ==, 4437
aTHER TYPE RUMBER 1.3/4° 144" M21a -_— 1238
ACME |CONNECTION | LENGTH | REF.RQ, Braras Sieed 1.3/4° L1 o M2t ov— 1420
1-1 /4" 318° MNPT r ! M100 m— 241 1.3/4° 102 212 — 1831
1-1/4° 172 MNPT 2. 1 Miay — e 1-374° e EAT2¢ M213 e 1352
1.3/4* 1/2° MNPT 2 1 Mri1¢ ——— 723 13/« 3/4° i MI26-4 3123
1.3/4* J/4* LUNFT > ! Mivy — 1.8 1.3/4* L M218 ——— X312
1.3/4° /& MNPT 3" 1 — Ma31-4 51.58 1-374° 48 — MS26-3 848
1.3/4° 374 UNPT 51/8" 2 — Ma15-4 73.38 2-174° 1° M302-12/1 — 578
1.374° 1* UNPT r 1 112 —— 2.8 2.174° to174% Msor.14/18 — 259
1-374° 1° MNPT T ! — Me3t-3 34.40 2-1/a° 1e1/4° Ea129 —_— M372.14/714 aazs
1-3/4° 1* UNPT r 2 — M413.3 A.14 2-1/4° [Bird MSa2.14/12 — &7
1/4" 1-1/4° MNFT >1ia 3 | mMiz0 — 3.8 31/4° 141 14° M139 — 7002
274" | 11/ MNFT | 3174 3 — 121 2023 | Fira T 252 — 0.
3e1/4" 1+1 /4% ENST 1147 4 Mad e 299 tiat r (Eat2s — MEIs1g B2
F174° T ANPT 3374° 3 M130 — 10049 174" b M3a4 14 — 17258
31/4° 7 MNFT >3/4° 3 — 113 8247 31/4° Ea — M328.24 110
14 I UNPT T 4 Mest.28 — 22217 074" 7" MI0%-24 —_— =822
Tio94a
atrdt T MNPT Y 4 — | Massia| 988 4ot fa? > — M323-24 167.18
Femaie Acme Vapor Return Couplings Maie Acme x Male NPT Adagtors
\B
\"%"‘ Mate | MmaLe | wasnen TYPENUMBER
o4 ACME NET DWNG. KO, Brasw Steet
\ 2} 1-174° T Mavdat /T — ==
| TS FILH ez a4 /3 [ 7.0
- ira H — 3204 T0.08
3 ~r 7 1374 T —_— MIT14 azr
1.3/ 4° 34° M7t — 14.08
1.3/4° 14° — M3t at.m
1-374° " IEa124 116 — 17.18
1.3/4" (B e M321-0 24.07
1-3/4° (NS M7 —— 1859
FeaALE | MaLE TYPE NUMEER 1-3/4” 1-1/4" ——ae M521-10 208
ACME WOT | LENCTH | REF. NO. | Braas | Stest a-fra 14 /4° 233 I —ee 4170
1-174* s Falrs 5 MIs3 | 17.18 2-1/4° 1-1/4° — ) MIze &2
1-1/4° ny &1/47 5 | M348 | 12241 2-1/4° 1-9 E31ze 3021278 | —_ 3728
fe1/4° cs 24T 3 Mi1a1 —an 17.18 2144 r M302-14710 | — 20
iie | T | 2z ry — | Meaos 3158 FRYrY T —— | MSI:.ie/10f eas4
1-304° | 374" 3-3/4° [] M139 e %23 3174 T M303-14 | — a217
$-3/4" 34" ™ 4 — Mot 12938 174 T —_— | Hrex 13050
1-374° 1 314 5 Mist — «Q.1d >1/4" 3 Ear2s M3 e 124.9¢
1=3/4* 1° >4 4 — MEs1.8 723 174" Es — 452334 151.m
1374 1 | rus [ — ] Mot | Vo9 /e T S hi5o4-24 — <2
2174 | 1.1/4% ] 338" 7 Misa | — a1l T T — | MS2630 | 12822
Male Acme Adaptors C-Rings for Male Acme Adaptors
The 2-1/4° and 3-1/4" male adaptors listed above cn be
oplied with repi. O-rings instead of the ccaven-
MALE waswen | TYPE NUMBER tional washer type of gasket. O-rings give tighser seal in
ACME CWNG. KA. | 8rrss | Steet most cases than the waskers.
121 /4" 3 Yal /4" k-3 hF -] 8378 — 3t
1.374" v 1-3/4° €3124 M7 —_— 37.18
1.3/4%y 1-3/6° €124 — 11814 214
211 ezl i — | MS3si2 .38 DESCRIPTICN | Tree numnsen
31/4% ¢ 2174 EINTS — | Msie3s | 12210 | Owtng tor 2:1/4° dacrom | T12538 T0012 .90
de1/a% s d-174%)  TICS4a — | M§38-34 =618 C-ng tor 3-1/4° Adasion 1HII17 26542 b
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Inreaa Agapiors

Male Acme x Male NPT

) Adaptnrs—Bra'ss!Stee! Male Acme
Pat No  Deseriotios 1 Female Acme Swivel
§763C 1V4* Acme x U2* MNFT Raie Femals
57830 U4 Aome x V4o MNFT Part Na. jrn Aeme
A21S RV4" Aome x L4 MNPT MsA301 1-34° 214
A218 134" Acme’'s 17 MNFT MS2302 4 Iué”
A7 14* Acrme x 1V MNPT MG23 (Steei) 3w s

AS755C FU4" Acme x 1420 MNFT (Stes}
ASTBSE +34° Acme x 17 MNFT (Sless)

A5763 T4 Acmia X V4" MNFT (Stast)

A3 2.V4" fome x V4" MNPT ” _—

As021 2.44* Acme 3 1-12° MNFT Female Acme Fller Couplings

AS022 2-U4* Acie x 2° MNFT Descriotian

gﬂ_‘ Fla- Acme x 27 WNFT 14 fome 1 24 WNFT
3U4* Jcme x 2-U2° MNFT 4% feime 1 MaPT

A2g2 ST Acmie 3 3% AT A= a588C /4" Aeme T 12 MNFT

A317S 134" Acme x F4 MNFT (Stasf)

AS7E3H V4" Acme 1 2° MNPT (Staei)
A3178A 1-24" Atme x 1 MNFT (Stasl)

ASTTIX  4-V4" Acme 1 37 MUPT (Slss)

14 = 14 1R LY

Male Acme x Female %1 R R A Ace x 2T MY

NPT Adaptors—BrassiSteel E-et-.| Female Acme Filler Couplings

— e oy Deseriol

7L Bl oo v OIAT :;nh zvs:‘fc:n-: X A" MEFT

A-_tggg I;ﬁ_ jg;" £ ;‘2: :;‘g A130 34® fcme 3 2° MNFT

51830 VUt Sk T ERET A3135 2.U4* Acme 1 1-U4* MNFT [Stees)

A210 TP o 7 A" RAET A3135 314* 2cme 1 2° MNFT (Stes)
Female Acme Filler Couplings

376l 1-34= Acme 2 237 FNFT
t A212 134 feme x 127 FNFT i
a2 14" AT ¥ e FFT Ex}; Sieuseagje Hose Cauplings
AZ14 134" Acrme x 1° FNFT L seaitian
ASTOAW 1-24° Acme z 28" Solt (Stee) N 101 . R34° Acme x \W2° 1O Hose
AS7540 134 Acme £ Y47 FUPT (Sleey) " nd ] 1023 1-2/4° fome ¥ 247 LD Mose
AS02A 2-V4~ Acma x 1° FNFT ; - 1038 1-V4* Acma 1 1° LO. Hose
e selli” Ema s 04" BT E=¥|  Female Acme Filler Couplings
214" Acme x 1-12° FNPT - 3
A252 3.4* Acme x 27 FNFT E¥ .. By Clamp Type Hose Coupling
A0 314" Acme x U4 NPT -, Pat Ho Descriotion
A2:3 34" icme @ 1127 FNPT i MI162-125  1-24° Acme x 247 L0, Hose
z-i‘bi"z 4 33' U4 Acme x 32'15‘;.[”‘” . M3182.228 314" Acme x 27 1D, Hose
=038- 104 Acme 1 37
ASTB3H 314 Acme x 2° FNPT (Steeh . E<fende Safety Female
5 cme Filler Cauplings—Steel
:ﬂ;‘:e Mmiﬁaupler N—— h— Part Ha Descrigtion
V4® Acme x 1-14° e o Bl P By
o e ATy
ETSe SUA” pema X I A g ATSTELS 124 Acme 1 LVA® VNPT
ST ZArscTeR HNT A B AISTEL2 134" 2cme 112 MNFT
Acme Caps & Plugs . Acme Vapor Couplings
Femaie Acme Caps .. .
Part Ha Descristica A Vapor Equalizing Coupiings
e 1375-24 1-1/4* Acme Cap __,._.__.A Part Na Dezcrigtioa
= 18£0-3 1-3/4° Acme Cap . Asax V4" Acme 1 23" MNFT
t : ;nss A" Acme x 12° MNFT
g 1323-10 1-04" Acme Cao with strap 181 1-;'-/4' Mme T :.:4' MNFT
EEST a1, 214" Acme Cip & CanErass) 311K, $T4% ome 1 1* WAPT
\HL‘!Z 204 Acme Cag (Sj2e” ‘ A16Q . 4" x 14T MNFT
Extended Ssfety VYapor

A4t T4 feme cias Quaun—{Brass)
s .- M A Sme Co & Can—Seel /./ - +  Equalizing Coupling
L 3\ Plastic Plugs With Chains® Y”L@ Part Ha Deszsiztion
~ Part Na Desesigtion ~ 1 7 i S ATSTIL
Nicee——— = !

i 114" Acme 1 137 MOPT
. AlT8 ;. 1" M icwe
. A3 ATS71L8
A1s0 !
A181

1-1/4° Acme 1 U2° WNPT
WY4" M Ae

1-1/4”" Acze £ D47 NPT
2-Va* M Acse  “STEEPA Brass 144 Acme Plug & Qlain is
JU" M Aome  2isp avaiiabie

METE:

=
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ACME Check Connectors for Lift Trucks
7141F and 7141M @ '

. Theszbeassconnecicrsare especially designed ta join the carcuretor
fuetlineto the service valve onlilf ruck cylinders. Sturdy, long lasung
ACME tnreads ailow quick, hand-tight assembly that grovices lor
quick ana simplé cylinder replacement. Back checks automatczliy
cicsa in each connector when disconnec:ed,
The 7131M couples gireclly 1a the service vaive, Aa inlegral O-ing is
desigrieq to seal ba{ore the internal chack opens, aiding in proauct
less prevention. A gasket al the ACVE threed is a sscondary sesl
when (ke conneciorsare ughitened togsthear. The connecior fits RegO
lift truck cylincer filling 2dapters lor last, cenvenient filling.,
The 7141F acceots tuel ine adazier and couples directly ¢ ihe 714 1.
The C-ng sez in the 7141M is d2signed (¢ s betore Ine intarnal
cre<sk opens o zllow proguct ta pass Mvough the cennection, The
KNuned Cougdng eases treading 2nd Ihe ACME threads pravide rapid,
eftoriiess make-up, 2ven agains: LP-Gas pressure.

i . i
NQOTE: Befer to the “Cyimaer and Service Vakves”™ seciion ¢f e L-500 1% ACME
t 213109 Dr agddiionat inlgrmaron,
Qrdering information
l Acezuaries®
ﬂ;:: ! Prouciee Cag
Kumber | Acgiicasan | el | cumnt U puade | Bam
v 13
| Seme | ¥ , 1% . !
M : vine | FENPY | M ACuE 1141 Met) , NAER
H 1 H - P
, U R B |
T | Fusiline | p.cue © FNPT - -

* Aecammendsd ta mmamue farempn miiodai dnteng vaived
WAL COYG fa LA 1D I8ALAgS.,
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Puil-away Valves

Pull-away vaives provide protection against gas escace
at moter fuel disgensers should a vehicle gull away with
the hose cznnecized, Bzck checks in Eath haives are
designed to ciose when a tension load of 2pproximately
75 ibs. causes the pull-away vaive to segarsia.

Fer Fiiling Inlet and Part
Hates” Cutlet Sizs Number
Up to 16 GPM Y. FE NPT A2141A6
Uo to 30 GFM 1" FE NFT A2141A8
A2141A8

*Saxed on 10 PSI pressyre crog pregane.

Needle Valves -

Needle valves are used for small inexgensive shut-off
and provide zccurate throtiling in torch and smail g

bumer applicetions.

f Iniet l Cuttet Part
Cannection - Cennecticn Numeger
Yo" MNPT | Y M.NPT 1224'WA
Vaoe18 LH. WMNPT ] 1314WA 1224WA
”¢"-18 L.H. Y MUINPT 1316WA
." M NPT Vie"-18 L_H. 1318WA

(Gritrol) Fuel Line Filters

Intended for use in liquid fuel line to trao fereign matenal
which otherwise might damage precision gans in
the carburetion system.

{niet Quttet ]
Cannecion Connaction Part

NPT NPT Number 12802
Y." Female t 'f.* Male 12802
;" Male | 'h” Femaie 125C4

Vent Valves
(Fixed Liquid Level Gauges) ﬁEEG

These vent type gauging devices are used in
the filling ogeration of containers o indiczte when

P =
web

the maximum germitted filling level has been :
anzined. Gauges with or without tubes zre avail- g
able to fit the ccnriguration of the container. All i =3
valves have 1/4* M.NFT tank connection, i =
Part Instruczion T
Number Plate Dio Tube Actuation Materal
3165 | No Hex head
31654 | No Qptionai® | 4° Alfen Erass >
3163P ). Yes Hex neid
Tee Staintess togy
TA3189F120 No 12" Handte | 1€flon seatcisc
Steel dio tukte 3
TSS3169 No No Hancte | Tofion sexs Oree 3165HF120
3165FP120

*‘Yhen orcenng vaives widh cio tube aGacned. acd an F to the cart numter
ana soceciy "V lengm in incnies ang tentihs ilowing e £

Examcie 3165HFIS.S lor 2 £.5 incn dip tube imacsed to 3 J1ESH. Oip udes
arw avatiaole in following ineh lengine: 4.7, 5.6, 6.9 and 10.5
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