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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 importance of this study is that this is the first
attempt to quantify LPG transfer emissions for California. No similar estimates
exist in any prior government-sponscred or private industry research.

Freeman, Sullivan & Co. (FSC) and Systemns 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 model which was used to calculate propane
emissions for six significant LPG use-categories:

Agricultural;

Commercial;

Engine Fuel Applications;
Industrial;

Residential; and

LPG Distributors.

oNoNoNsNeNe!

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 ameng 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 commerciai use, 39.9 tons per year. The Air Basins with the largest
emissions were South Coast at 345.5 tons per year (30.5% of total), San
Francisco at 209.9 tons (18.6% of total), San Joaquin Valley at 146.9 tons (13% of
total), and Southeast Desert at 144.9 tons per year (10.2% of total). The other Air
Basins accounted for 314.4 tons per year (27.7% of total).

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

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

Outage/bleeder 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.
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Section 1
Summary and Conclusions

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

ir Basin.

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

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

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

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

State-wide emissicns 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.

Cafifornia Air Resources Board — Determination of Usage Patterns and Emissions for Propane/LPG in Califomnia
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The 1,131 tons per year represents approximately 464,000 gallons of LPG.
This is 0.0684% of the 722 million gallens of LPG transferred in California last year.
The percentage of LPG transferred resuiting in emissions is virtually identical for
all urban and rural operations within each use-categary. 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
79 39 of total emissions are South Coast at 345.5 tons per year (30.5% of total),
San Francisco at 209.8 tons per year (18.6% of total), San Joaguin Valley at 146.9
tons per year (13% of total), and Southeast Desert at 144.9 tons per year (10.2%
of total). ‘The other Air Basins accounted for 314.4 tons per year which is 27.7%

of the total amount.

Assumptions regarding how the NPGA annual usage figures are
distributed within categories for cylinder and motor vehicle use are critical to this
study’s estimates. Any changes in cylinder and vehicle use within a category
would change the emissions estimates proportionately. For example, if rural
agricuitural 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 resulting emissions.

The model assumes that ail LPG is delivered to end-users by the
distributors. Since it is most likely that some unknown percentage of LPG does
not pass through the traditional distribution system, actual distributor emissions
may be less than determined in this study. Giventhe 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 operatars 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 ail organic emissions. With regard to toxicity, hazards
due to propane are confined to settings with high concentrations of propane gas.
However, in outdoor settings and in concentrations that are predicted by this
model, no long-term human effects are likely.

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

of LPG should be encouraged.

California Air Resources Board — Determination of Usage Patteras 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:

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

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

Further emissions reductions may also be achieved through the use of
low-emission transfer equipment such as the "quick-acting shutoff/quick-
disconnect" type nozzles for babtail 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 crcps to
paowering farm equipment such as tractors, pumps and standby generators. LPG
has a wide variety of applications in industrial processes where it is commoniy
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 tfransportation 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 emissicns 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 L PG 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 compieted.)

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 identity 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.

(G110 S SV I LN JEN

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

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

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

In summary, data for this study were obtained from:
0 a telephone survey on state-wide LPG use and transfer practices;

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

0 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 resuits. 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
population of LPG end-users and distributors in California. In fact, it was a fairly
good assumption that the large and significant LPG end-users and distributors
were represented in this data base. Many smaller firms, however, may have been
absent. In selecting the sample, only the primary SIC code for a business was
used. Businesses with secondary or tertiary SIC codes which might have
qualified as either end-users or distributors were not included.

No single data base was directly available to FSC and 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 twa parts. Part 1 addresses the data collection
procedures and Part 2 addresses the LPG usage and emissions model.

Part 1
Data Collection

Data collection for this study consisted of:
o] a state-wide telephone survey to obtain original data; and

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

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 criginal survey was designed and conducted for the
agricultural, industrial, engine fuel and distributor use-categories. (Sufficient
information was available in the 1990 RASS data base to calculate estimates for
both the residential and commercial use-categories.)

Survey Sampling Frame

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

Use-Category SIC Code and Business Description
Agricultural 0711 Soil Preparation Service

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

0723 Crop Preparation for Market

0724 Cotton Ginning

Industrial 2911 Petroleum 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
5984 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
Naticnal 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 metai
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 California
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to the NPGA, cansisted ¢f SIC codes which identified a significant proportion of
fork-litt 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 Codein
Urban and Rural Counties within Use-Categories

Use-Category SIC Code No.Urban No. Rural
Agricuitural o711 87 a3
072x 635 1653
Industriai 2911 23 8
1761 2536 851
3312 153 39
3441 300 86
3443 185 48
3444 740 102
Distributors 5171 110 160
5172 515 267
5884 160 171
Engine Fuel 4225 2287 551
4226 355 81
Totais 8136 3931

Catifornia Air Resources Board — Determination of Usage Patterns and Emissions tor 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 rurai. A calculated sample size
of 50 interviews per cell provides an approximate plus or minus 12% level of
precision (90% confidence) on resulting estimates within each cell. This improved
10 8.5% for a use-category when the urban and rural data were combined (S0%
confidence).

When the survey was criginally 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 mare fleet-specific data base could be found.

Unfortunately, a superior LPG vehicle fleet data base was not available for
sampling purposes. Instead, lists of major fleet operators were volunteered by
some LPG distributors. These lists were used to obtain information from 21 urban
businesses with vehicle fleets. Since customer lists are not random samples, the
data could not be combined with the D&B random sample. The information was
used, however, to provide further insight into fleet usage patterns. (Transfer
equipment for this group is reparted 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;
where:
Pij = the natural proportion of SIC code businesses (j)
within a given urban or rural use-category (j)'
S i = the final urban or rural sample number for an entire
use-category (j)'
and:
S = the final urban or rural sample for a given SIC code (j)

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

[(Syj + Srj)/s(u or il * [(Ny; + N)/N( or 0}

where:
Suj = the urban sample for a use-category (j)-
Srj = the rural sample for a use-category (i)'
Nuj = the total available number of urban SIC codes fora
given use-category (j)-
and:
Npi = the total available number of rural SIC codes for a

J given use-category (i)'

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, vaives, etc., were examined.

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

A telephone survey field test of the questionnaire was carried out between
June 24 - 27, 1981. This resulted in further revisions and improvements to the
questionnaire. Areas that were strengthened related to bobtail truck transfers and
LPG powered vehicles.

Data collection began on July 31, 1991. After two weeks of interviews it
became apparent that questions about the use of a bleeder valve when filling
tanks was not working as well as it did in the original field test. Also, the
terminoclogy and screening questions regarding small storage tanks versus
screw-on cylinders for vehicles needed madification 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 29 | PG-fueled vehicle fleet operators was obtained from major LPG
distributors and the South Coast Air Quality Management District. All 29 LPG-
fueled vehicle fleet operators were contacted and 21 of these operators (all in
urban counties) were interviewed.

Residential Data

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

Part 2
LPG Usage and Emissions Model

Formulation

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

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

Key to Codes in the Use-Category Tables

A Model assumption
AN Maodel assumption using NPGA data
AS Meodel 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 1989 NPGA data given for
specific categories (see Appendix A for NPGA use-category descriptions).
Agriculture, Industrial and Engine Fuel usage was split into urban and rural
components in the same proportion as the distribution of SIC codes for each
category between urban and rural counties.

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

Urban and rural distributor usages weré 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 smail 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 factor of 0.6. Bulk storage tanks were assumed to receive an entire transport

truck load.
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LPG Transfer Quantity
In all cases, except for buik storage tanks, the quantity of LPG transferred

was equal to the fill factor multiplied by the container size. Bulk storage tanks
received 100% of the transport truck load of 8,000 gallons.

Transfer Frequency

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

Transfer Duration

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

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

Disconnect Emission Factor

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

Propane emissions/transfer = gv * pd = 134.5¢g
where:

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

]

gv
pd

For transfers to small storage tanks, cylinders and vehicles, survey data
were used to determine the types of equipment used for transfer. From the
survey it was determined that a "quick-acting shut-off nozzle" was used
approximately 40% of the time, and an "extended safety filler coupling” was used
approximately 60% of the time or served as a good surrogate for similar transfer
coupling equipment. Furthermore, it was found that an adaptor was used in
addition to a nozzle for approximately 25% of the transfers. The formulae used
were:

propane density = 9.59 g per cubic inch
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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 = 10.8 g

where:
0.4 = quick acting shutoff usage frequency
qv = volume released from a quick acting shutoff nozzle = 0.30 cu.in.
0.6 = extended safety filler coupling usage frequency
efv = volume released from extended safety filler coupling = 1.37 cu.in.
0.25 = adaptor usage frequency
adv = volume released from an adapter = 0.77 cu.in.

pd = propane density = 9.59 g/cu.in.

Outage Valve Emission Factor

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

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

Using separate mechanical engineering equations for an unobstructed
valve, propane gas emission were determined to be 1.5g/sec (80.7g/min}), while
liquid emissions were determined to be 5.42 grams per transfer. The following
equation was used in the model:

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

where:
0.25 = outage valve flow reduction factor
of = outage valve emission factor = 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 ime (based on container size in minutes)
oe = gutage valve emission [(22.68 * ft) + 1.36]g

County and Air Basin Usage and Emissions

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

LPG Transfer and Storage Equipment

When transferring fuel to a transport truck, bulk storage tank or bobtail
truck a "globe vaive" 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 filing of cylinders. A variety of adapters were used when more
than one type of container was filled at one location.

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

Sample Findings

Table 2 displays the results of the Dun & Bradstreet sample for each of the
SIC codes. Table 2 shows that 1,298 urban and rural firms were contacted and of
these 338 (26%) transferred and/or distributed LPG. The sample distribution of
these firms by SIC code is shown under the column "Transfers LPG." The in-
depth interviews for this study were conducted with these 338 firms. The data
from these firms made up the sample that was used for the analyses in this study.
The original theoretical distribution of the desired sample for data analysis is
shown under the heading "Desired Sample.” Without knowing exactly what we
would find, the desired sample allowed us t0 control for representation among the
SIC codes. Only SIC code 0711 in Urban locations turned out ta 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
repcrted that they did not transfer and/or distribute LPG.

Estimated LPG Usage, Transfers and Emissions

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

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

County and Air Basin Estimates

The estimates of LPG usage, transfers and emissions for each of the £8
counties in California can be found in Table 5.

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

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

LPG Transfer and Storage Equipment

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

Total Estimated Propane Emissions = 42.3 tons/year

Srnali .
Rural Storage Tk Cyilinders Vehicles Totals
Annual usage (gal): 216E+07 |DN | 6.48E+06 |AN | 216E+06 |AN | 216E+07
% of Annual usage: 100% A 0% A 10% A
Container size (gal): 8§50 |S 10 |AS 40 [AW
Fill factor: 0.8 [A 0.8 |A 0.6 |A
Fill size (gal): 330 M 8|M 24 |M
Transfers/fyr: 6.55E2+04 IM 8.10E+05 |M 9.01E+04 |M 9.66E+05
Approx time to fill {min): 55 |M 0.6 {MW 0.7 | MW
Disconnect emis
factor (gm/fill: 10.9 |ES 10.9 |ES 109 |ES
Outage valve emis
factor {gm/Aill): 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): | 7.32E+08 1.77E407 2.14E+06 271E+07
Annual emissions (tonsfyn): | 8.1 19.5 2.4 29.9
% of Total emissions: i 19.1% 48.1% 5.6% 70.7%]
Urban
Annual usage (gal): || 8.96E+06 |[DN 2.69E+06 |AN B.86E+05 |AN 8.96E+08
% of Annual usage: l 100% A ao%lA 10% A
Container size (gal): | 550 (S 10 |AS 490 | AW
Filt tactor: | 0.8 |A 08 A 0.6 |A
Fill size (gal): | 330 [M 8|M 24 |M
Transfers/yr: | 271E+04 |M 3.38E+05 |M 3.73E+04 | M 4 00E-+05
Approx time to fill (min): i 55 MW | 0.6 | MW | 0.7 | MW
Disconnect emission )
factor (gm/Aill): 10.9 |ES 10.8 {ES 10.9 |ES
Outage valve emissicn '
factor (gm/ill): j 126.1 |EW 14.6 |EW 161 |EW
% Using outage valve: I 80.0% A 75.0% S 80.0% A
Annual emissions (gmiyr): || 3.03E+08 7.33E+08 8.87E+05 1.12E+07
Annual emissions (tons/yr): | 33 8.1 1.0 124
% of Total emissicns: I 7.9% 19.1% 23% 29.3%f
Combined Totals

Annual emissions (gm#yr): 1.04E+07 2.50E+07 3.03E+06 3.84E+07
Annual emissions (tons/yr): 11.4 27.6 a3 423
% of Total emissions: 27.0% 65.2% 7.9% 100.0%}
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Table 3b. Commer
Emission

Total Estimated Propane Emissions = 39.9 tons/year

cial LPG Use: Estimated Urban and Rural Propane
s by Type of Container Transfer for 1991

Smail
Rural Stor Tank Cylinders Vehicles Totals
Annual usage (ga): 1,28E+07 |D 3.12E+06 |AN 6.23E+05 |AN 1.25E+07
% of Annual usage: 100.C% A 25.09% A E.Q0%A
Container size (gal): 500 |A 10 |AW 40 |AW
Fill factor: 0.6 |A 0.8 |A 0.6 |A
Fill size {gal): 300 |M 8|M 24 M
Transfers/yr: 416E+04 |M 3.90E+05 [M 260E+04 (M 457E+05
Approx time to fil (min): 5.0 |M 0.6 |MW 0.7 |MW
Disconnect emission
factor (gm/ill): 10.9 10.9 |ES 109 |ES
Outage valve emission
factor (gm/fil): 114.7 146 |EW 161 |EW
% Using outage valve: 80.0% 85.0% A 80.0% A
Annual emissions (gmfyr): | 4.27E+0S S.07E+06 6.17E+05 1.39E+07
Annual emissions (tons/yT): 4.7 10.0 0.7 15.4
o, of Total Emissions: 11.8% 25.1% 1.7% 38.6%;
Urban
Annual usage (gai): 1.89E+07 4.97E+06 |AN 9.94E+05 |AN 1.99E+07
% of Annual usage: 100% 25% A 5% A
Container size {gal): 500 10 AW 40 |AW
Fill factor: 0.6 0.8 |A 0.6 jA
Fill size (gal): 300 8|M 24 |M
Transfersfyr: 8.62E+04 6.21E+05 [M 414E+04 |M 7.29E+05
Approx time to fill (min): 5.0 0.6 |MW 0.7 | MW
Disconnect emission
factor (gm/fill): 10.9 10.9 |ES 10.9 jES
Qutage vaive emission
factor (gm/ill): 1147 14.6 |EW 16.1 |EW
% Using outage valve: 80.0% 85.0% A 80.0% A
Annual emissions (gmdyr): 6.80E+06 1.45E+07 9.83E+05 222E+07
Annual emissions (tons/yr): 7.5 15.9 1.1 24.5
% of Total Emissions: 18.8% 39.9% 27% 61.4%
Combined Totals
Annual emissions (gmy/yr): 1.41E+07 235E+07 1.60E+06 3.62E+07
Annual emissions (tonsfyn): 122 25.9 1.8 39.8
% of Total Emissions: 30.6% 65.0% 4.4% 100.0%
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Table 3c. LPG Distributors: Estimated Urban and Rural Propane Emissions

by Type of Container Transfer for 1991

Total Estimated Propane Emissions = 180.2 tons/year

Transport Buk Bobtail
Rural Trucks Storage Tks Trucks Totals
Annual usage (gal): 2.80E+08 |DN 2 80E+08 |AN 280E+08 |AN 2.80E+08
% of Annual usage: 100% A 100% A 100% A
Container size (gal): 10000 |AW 22000 |8 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 | 185 |M
Disconnect emission
factor (gm/fill): 1345 |ES 134.5 |ES 134.5 |ES
Outage valve emission
factor (gm/Aill): 5229 |[EW 5229 |EW 375.5 {EW
% Using outage valve: I 26.0%S 26.0%S | 20.0% S
Annual emissions {gmiyr): 9.45E+06 9.45E+08 4 44E4+07 6.33E+07
Annual emissions (tonsAyr): 10.4 | 10.4 489 69.8
% of Total emissions: 5.8% | 5.8% | 27.2% 38.7%]
Urban
Annual usage (gal): 4.43E+08 |DN 4.43E+08 |[AN 4.43E+08 |AN 4.43E+C8
% of Annual usage: 100% A 100% A 100% A
Container size (gal): ! 10000 |AW | 2200018 | 2200 |8
Fill factor: | 08 |A | | 0.6 |A
Fill size (gal): | 8000 |[M | 8000 |A | 1320 (M
Transfers/yr: | 5.53E+04 [M | 553E+04iM | 335E+05 |M 446E+05
Approx time to fill (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): 522.9 |EW E229 |EW 375.5 |EW
o4, Using outage valve: 26.0%5 26.0%S 20.0%d S
Annual emissions {gm/fyr): || 1.50E+07 1.50E+07 7.02E+07 1.00E+08
Annual emissions {tonsiyr): 16.5 16.5 77.4 110.4
% of Total emissions: 9.2% f 9.2% | 43,0% 61.3%f
Combined Totals
Annual emissions {gm#yr): 2.44E+07 244E+07 1.15E+08 1.63E+08
Annual emissions (tonsir): 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 | 1.6SE+07 |AN {.13E+07 |AN | 282E+07
% of Annual usage: 100.0% A 60.0% A 40,0% A
Container size (gal): 750 |8 10 |AS 40 |AW
Fill factor: 0.6 |A 0.8 |A 0.6 |A
Fill size (gal): 450 |M 8|M 24 |M
Transfersfyr: 6.27E+04 {M 212E+06 |M 470E+05 |M 2.85E+08
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 (gmy/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 [DN | 2.92E+07 |AN 292E+07 |AN 5.83E+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 0.6 ]A
Fill size (gal): 450 |M 8|M 24 |M
Transfers/yr: 1.30E+05 |M 3.64E+06 |M 1.21E+06 |M 4,98E+08
Approx time to fill {min): 7.5 |[MW 0.6 | MW 0.7 |MW
Disconnect emission
factor {gm/fill): 10.9 |ES 10.8 |ES 10.9 |ES
Outage valve emission
factor (gm/fill): 171.4 [EW 14.6 |EW 161 [EW
% Using outage valve: 80.0% A 75.0% A 80.0% A
Annual emissions {amir): 1.82E+07 7.95E+07 288E+07 1,28E+08
Annual emissions (tons/yr): 21.1 87.7 3i.8 140.6
% of Total emissions: 9.9% 40.9% 14.9% 65.7%
Combined Totals
Annual emissions (gmiyn): || 285E+07 1.26E+08 4.00E+07 1.94E+08
Annual emissions (tons/yr): 31.4 138.6 441 214.1
% of Total emissions: 14.7% 64.7% 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 (gai): 7.51E+07 |DN 1.50E+07 | AN 1.13E+07 |AN 7.51E+07
% of Annual usage: 100% A 20% A 15% A
Container size {gal): 500 {8 10 |AS 40 | AW
Fill factor: 0.6 1A 08 [A 0.6 |A
Fill size (gal): 300 |M 8 M 24 |M
Transfers/yr: 250E+05 M 1.88E+06 |M 470E+05 |M 2 60E+06
Approx tme to fill {min): 5.0 MW | 0.6 | MW | 0.7 | MW
Disconnect emission
factor (gm/fill): 10.9 |ES 10.8 |ES 10.9 |ES
Outage valve emission
factor (gm/fill): 114.7 |EW 14.6 |EW 161 |EW
% Using outage vaive: 80.0%A | 82495 80.0% A
Rural emissions (gm/yr): | 257E+07 | 4.830E+07 1.12E+07 7.99E+07
Rural emissions (tons/yr): 28.3 | 47.4 123 88.1
% of Total emissions: 6.29 | 10.4% | 2.7% 15.3%
Urban
Annual usage {gal): | 3.14E+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 |8 | 10 {AS | 40 |AW
Fill factor: | 06[A | 08 |A | 0.6 |A
Fill size (gaf): t 300 (M| g|M | 24 [M
Transfers/yr: 1.05E+06 |[M || 7.88E+06 |M || 1.96E+06 M {.09E+07
Apprex time to fill (min): 5.0 |[MW| 0.6 |MW | 0.7 | MW
Disconnect emission
factor (gm/fill): 10.9 |ES 10.9 |ES 10.8 |ES
Ourtage vaive emission
facter (gm/fill): 114.7 [EW 146 |EW 16.1 |EW
4 Using outage valve: 80.0%A | 824%S 80.0%d A
Urban emissions (gm/yT): 1.08E+08 1.80E+08 4 66E+07 3.34E+08
Urban emissions {tons/yr): 118.5 198.3 £1.4 388.2
% of Total emissions: I 26.0% 43.5% 11.3% 80.7%
Combined Totals
Total emissions {gmyyr): 1.33E+08 223E+08 5.78E+07 414E+08
Total ernissions {tons/yr). 146.9 2457 63.7 456.3
% of Total emissions: 32.2% 53.8% 14.0% 100.0%
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Table 3f. Residential LPG Us
Propane Emissions by Type 0

e: Estimated Urban and Rural
f Container Transfer for 13891

Total Estimated Propane Emissions = 198.7 tons/year

Small
Rural Stor Tank Cylinders Vehicles Totals
Annual usage (gal): 7.06E+07 |DN 1.41E+07 |AN 1.41E+06 |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 0.8 |A 0.6 A
Fill size (gal): 150 {M 8 IM 24 |M
Transters/yr: 471E+05 (M 1.77E+06 |M 5.89E+04 |M 2.30E+06
Approx time to fill (min): 25 [MW 0.6 |MW 0.7 |MW
Disconnect emission
tactor (gm/fill): 10.9 |ES 10.9 |ES 10.9 |ES
Outage valve emission
factor {(grmy/fill): 58.0 |EW 14.6 |[EW 16.1 |EW
o, Using outage valve: 80.0%A | 85.0% A 80.0% A
Annual emissions {gm/yr): 27CE+07 411E+07 | 1,40E+06 6.95E+07
Annual emissions (tons/yr): 298 453 | 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+08 |AN 1.13E+08
% of Annual usage: 100% A 20% A 2% A
Container size {gal): 250 |AW 10 |AW 40 1AW
Fill factor: 0.6 |A 08 |A 0.6 |A
Fill size (gal): 150 |M 8 |M 24 |M
Transfers/yr: 75{E+05 {M || 282E+06 M 9,38E+04 |M 2.66E+06
Approx time to fill (min): 25 |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): 54.0 |EW 14.6 [EW 16.1 |EW
o Using ottage valve: 80.0% A 85.0% A 80.0% A
Annual emissions (gm/yr): 4.30E+07 8.55E+07 223E+06 1.11E+08
Annual emissions (tons/yr): 47.4 722 25 1221
% of Total emissions: 239% | 36.3% 1.2% 61.5%)
Combined Totals
Annual emissions {gm/yr): 7.00E+07 1.07E+08 3.63E+06 1.80E+08
Annual emissions (tons/yr): 77.2 117.6 4.0 198.7
o5 of Total emissions: 38.8% £9.1% 2.0% 100.0%
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Table 4. Summary of LPG Usage (volume), Frequency of Transters and
Propane Emissions for Six Use-Categories in California (1991 data)

Total Estimated Propane Emissions = 1,131.5 tons/year

| Agricultural| Commerciall Distriputor | Engine Fuell  Industrial | Residentali Totals
Rural usage (gal/yr} 2.16E+07 | 1.25E+07 - 2.82E+07 | 7.51E+07 | 7.06E+07 | 2.08E+08
Urban usage (gal/yr) 8.96E+06 | 1.99E+07 - 5.83E+07 | 3.14E+08 | 1.13E+08 | 5.14E+08
Total usage (gal/yr) | 3.06E+07 | 8.23E+0Q7 - 8 65E+07 | 3.89E+08 | 1.83E+08 | 7.22E+08
| l
Rural transfers/year | 2.66E+05 | 4.57E+05 | 2.82E+05 2.65E+06 | 2.60E+06 | 2.30E+06 | 9.26E+06
Urban transfers/year | 4.00E405 | 7.29E+05 | 4.46E+05 | 4.29E+06 | 1.09E+07 | 3.66E+06 | 2.11E+07
Total ransters/year | 1.37E+06 | 1.18E+08 | 7.28E4+05 | 7.64E+086 1.35E+07 | 5.96E+406 | 3.04E+07
[
Rural emissicns (tons/yr) | 29.9 15.4 69.8 73.5 88.1 76.6 | 353.3
Urban emissions (tons/yr) | 12.4 24.5 110.4 140.6 368.2 122.14 778.2
Total emissions (tons/yr) | 42.3 38.9 180.2 2141 456.3 188.7 1131.5
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Percent Distribution of Annual Propane

Figure 1.
Emissions by LPG Use-Category
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Total Emissions = 1,131.5 tonsfyear (1991 Estimates pased on Annual LPG Transfers)
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Table 5. LPG Usage (voiume), Frequency of Transters and Estimated
Propane Emissions for 58 Counties in California (1991 data)

Usage Transters Emussicns
Courty UrbaryAural Totals Percent Totals Percert Totals Percert
Classification {galym frarsm fonsan

Alameoa U A2 +07 <64 1.34E+08 P 47.8 <3
Aloine A 1,426 405 ao% sSxE+C3 aod a2 oox
Amagar R 1.44E +06 az%l SeIE+04 azy 22 a2
Bute R 8 ACE +-08 Qg 279E+0S ogHd 102 agH
Calaveras A 271E+08 o4% 1.0E+0S a3« 28 QT
Calusa A 58X +05 a1%l 25X+04 o114 1.0 Q1%
Contra Costa u 2.0<E+07 28% azE+0s 274 2.8 26H
Dei Narte R 5865 +05 Q1% 275404 a1y 1.1 Q1%
El Ocraca A 7.C2E+08 1.0%| 2:E+05 asy 11.0 oo
Fresno A 23E+07 a2%l 1.0ME+08 33% 47.5 2 4%
Glenn A 7.08E405 a1l 224E+404 a 1% 1.4 X}

Humooict R 2AIFE+08 osH 1.55E+05 o5y 5.3 5
imgenal R 21CE+08 Q4% 1.47EH0S as% 51 0.5%
Irrya R 7.48€+05 g1 218£+04 a1 1.4 Q1%
Ksm R 1.525+07 214l 7.05E+0S 224 235 2.4%]
Kings R 4 426+08 osdl 1.8E+0S oeX 7.2 0%
Laxe R 3226 +06 0.4%l 1.27TE+0S 0.4% a9 Q4%
Lassen R 1,225 +05 ozd 511E+04 a2y 21 02%|
Lcs Angeles i 8] | 1.s1E+CE 250 7.58S+08 2504 277.5 24 9%
Magera R | aosE+08 oSNl 1.63€+05 o5 7.0 0 5%
Mann 9] S126+08 a7 21E+0S o7H as a7
Manoosa A 1.25€ +08 Q2% 4.B4E+D4 obee ] 20 Q2%
Mendocing [al 2.04E +06 03% 8885+04 fokey | 4.2 Q3%
Merced R £ 96E +08 asdl 2825+0s Q.94 127 5%
Megooe R 2.95E +05 aosl 1.2E+04 aoH aa QO
Mcona R B7EE+0S o194 azvE+C4 Rk 1.3 1%
Monterey R 1.11E+07 1.58 499€E+0S 1.6% 189 1.7%4
Napa R 2766406 0<% 1.22E+0S aa% 50 05H
Nevada A 471E+08 a7yl 1.86E+0S osHd 7.3 0.6%
Qrange u A15E+07 57% 1.80E+08 SoH saa 5 9%
Placer A | s2sE+08 a7rE 235E+0S 08% 83 agx
Plumas R 1 1.19€+08 azHl <«e9€+04 czd 22 a2
Riversice U | 2e9€+07 a7dl 1.08€+08 6% 403 5%
Sacramemo [§] } 2sgE+07 265%| 1.04€+08 24 42.6 234
San Benno A | 1.ocrE+ca Q1% 489€+04 azd 1.8 a2
San Bemarting R i 286E+07 53%| 1.79€+03 594 620 6 2%
San Dlecs u | s17E+07 7.2% 216£+08 7.1 T84 7.14
San Franciscs ! U I 1.95E+07 274l 7.78E+05 2.5% 253 2 5%
San Joacumn | u it 1.2s€+07 1.9% S1%E+cS 1.7% 28 1,6%
San tuis Cbisoo R | &ze€E+08 agH| 2gX+CS 1.0% 104 1.0
San Matea 3] I 1.6E€+07 23%| 657E+0S 2.2% 2.7 2194
Santa Barbara R 1,052 +07 1.5% 476E4+05 1.6% 167 1.6%)
Santa Clara U A 6EE+07 519 1.<8E+08 «5H £22 45N
Santa Cruz u 5 69E+08 agxl 2HE+0S oy a8 a7
Shasa ] | &g2E+08 1.0%1 2.84E+C5 oo 140 09%
Slema R 22XE+05 0o% 8s4f+03 [sRe ] a3 0.0%
Siskayou A 221E+08 oa%l 8gSE+04 fokey ] as ey
Sotano ] R76E +08 1.2%] 2SIE+0S 1.2 128 1.1%4
Soncrma U R.685 +08 1.3%] IECE+CS 1.3% 154 1.3%
Starustaus U | S40E+08 1.2%] 277E+0S 1.2% 143 1.2%)
Sutter R 2226 +08 o3l QFaE+C4 a3s as Q3%
Tenama R 1.58E€ +08 a2% 7.CE+04 azd 25 azy
Trindy R 4255 +05 01%] 1.54E4+04 o1H a7 21N
Tutare A 1.3E+07 1.8%| S48€+05 1,84 X8 1.5
Tuglumne a 26855 +08 a4% 1.13E+05 asd 45 Q4%
Ventura u 1.16E+07 1.5% S0E40S 1.7% 21.8 1.7
Yolo R 412 +08 0%l 1.87E+0S ] 7.3 0.5
Yuba R 1.9 +08 a BSE+04 a3x 28 03N
Toran Ty = tos | “ﬁ% T ARG (R R
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Table 6. LPG Usage (voiume),
Propane Emissions by A

Frequency of Transfers and Estimated
ir Basin for California (1991 data)

Usage Transfers Emissions
Alr Basin Totals Percent Totals Percent Totals Percent
(qalfyr) (tran/yr) (tons/yr)
Great Basin Valley 1.7/E+06 0.2% 6.95E+04 0.2% 2.9 0.3%
Lake County 3.22E+086 0.4% 1.27E+405 0.4% 4.9 0.4%
Lake Tahoe 9.66E+05 0.1 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 2.794
North Coast 1.03E+07 1.4% 4.54E+05 1.5% 17.4 1.5%4
Northeast Plateau 3.74E+08 0.5% 1.54E+05 0.5% 6.2 0.5%
S. Central Coast 2.85E+407 3.9% 1.28E+086 4.2% 48.8 4,39
Sacramento Valley 5.41E+07 7.5% 2.26E+06 7.5% 87.4 7.79
San Dlego 5.17E+07 7.2% 2.16E+08 7.2% 76.4 6.794
San Francisco - 1.47E+08 20,39 5.66E+086 18.8% 209.9 18.6%4
San Joaquin Valley 8.38E+07 11.6%| 3.55E+06 11.8% 146.9 13.0%
South Coast 2.23E+08 30.9%! 09.43E+06 31.3% 345.5 30.5%4
Southeast Desert 7.25E+07 10.0% 3.18E+08 10.6%A4 114.9 10.2949
Totals 7.22E+08 100.0% 3.01E+07 100.0% 1131.6 100.0%
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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
for Five Urban and Rural Use-Categories (1991 data)

Transferred (gal. used/yr.) Emlited (galfyr) Percent Emitted
Category Rural Urban Total Rurat Urban Total Aural Urban Total
Agricultura{ 2.16E+07 8.96E+06  3.06E+07 1.22E+04  5.0BE+03 1.73E+04 0.057% 0.057% 0.057%
Commerclai 1.25E+07 1.99E+07  3.23E+Q7 6.31E+03 1.00E+04 1.63E+04 0.050% 0.050% 0.05C%
Engfne Fuel | 2.82E+07  S5.83E+07  8.65E+07 3.01E+04  S5.76E+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+0S 1.87E+05 0.048% 0.048% 0.048%
Heslidentlal 7.06E+07 1.13E+08  1.83E+(C8 3.14E+04  S5.00E+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 Gallons Emilted and Percent Emilted include Distributor emissions (ses 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

Overall 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 quick disconnect 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 16.6%
% using an adapator 18.7%

Table 7b. Motor 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%
compact acme filler coupling ! 11.4%
extended safety filler coupling 15.1%
something else 22.2%
don't know 8.5%
I
% 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%f
% using an adapator 52.2%
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Table 7d. Motor Vehicle Filling Equipment - Survey Responses (Percent)
far LPG Engine Fuel Use-Category (Random Sample of Fleets)

Random fFleets

Motor vehicle filling equipment
7141 male & female quick disconnect fitting 1.6%;
quick acting shut-off nozzle 12.1%
compact acme filler coupling 1.694
extended safety filler coupling 37.7H
something eise 30.1%4
don’t know 16.7%
22.9%

% using an adapator

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

Non-Aandem Fieets

Motor vehicle filling equipment
7141 male & femaie quick disconnect fitting 11.6%;

quick acting shut-off nozzle 29.4%

compact acme filler coupling 0.0%
extended safety filler coupling 0.0%;
something eise 58.8%
don't know 0.0%
l
| 23.5%

% using an adapator
g

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

Distributors
Bobtail transfer equipment
quick acting shut-off nozzle 53.0%;
compact acme filler coupling I 20.9%
extended safety filler coupling 8.8%
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 S0% - 60% of the total
volatile organic emissions. But when using the reactivity factors developed for the
Air Resources Board by Dr. William P. L. Carter of U.C., Riverside, the paraffins
account for less than 25% of the total ozone formation potentiai from organic
emissions. Propane is one of the common paraffins with lower than normai
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 value of 0.48 grams
ozone per gram propane emitted, which is somewhat less than half the average
paraffin and more than two standard deviations less than average.

For the Carbon Bond Mechanism (CBM) all paraffins are treated with the
same chemistry on a per carbon basis except methane, ethane and propane.
Propane is treated as one half "unreactive” paraffins and the other half as "other”
paraffins. On a weight basis, propane would be treated in the CBM as slightly
less than half as reactive as the average paraffin with higher carbons. In
particular, if the reactivity of butane were the same in the CBM (according to Dr.
Carter's chemistry 1.03 gram ozone per gram emitted) then propane in the CBM
treatment would have a value of 0.5 gram ozone per gram emitted -- a value very
close to the 0.48 grams derived previously. Hence, both chemistries treat
propane as roughly half the reactivity of the buik 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 peint = -156 F) and its ability
to ignite by reacting vigorously with oxidizing materials. However, in outdoor
settings and in concentrations that are predicted by this model, no long-term
human effects are likely.

Emissions Model Uncertainty

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

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

As seen in the use-category tables, the single iargest 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 somewnhat 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 inthe
distribution of the amount of LPG used between refineries and the other industrial
SIC codes would result in a large change in the emissions calculations for the
entire category.

The size and the extent of the telephone survey was limited by the available
resources. This necessitated the broad aggregation of LPG use into only six
categories. A larger sample would also have yielded more precise estimates for
the types of LPG usage and related transfer equipment within each category.
However, we consider the results of this study, within the precision limits of the
study design, as a vaiuable 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 Liguid 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 symbois are appear in the Use-Category Tables (Tables 3a-3f)

A Model assumption

AN  Model assumpticn using NPGA data

AS  Model assumpticn 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 petroleumn gases used in tractors,
irrigation engines, space heating of buildings, cooking, crop drying, tobacco
curing, flame cultivation, poultry breeding, and other agricultural applications.

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

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

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

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

Yola

Yuba
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APPENDIX C
Weights for Urban Data

HOVEMBER & Dun & Bradstreet
FINAL WEIGHTS Primary SI1C Code Distributicn
UNIVERSE PROPOR- ACTUAL WEIGHTED WEIGHTED
sIC AVAILABLE TION SAMPLE WEIGHT VALUE DISTRIB.
AGRICULTURE:
az11 87 0.12050 48.00000 0.50208 24.05972 0.1203Q
072X 635 0.87950 152.00000 1.15724 179.90028 0.879%0
Sub-total 722 1.00000 200,00000 200.00000 1.006000
INDUSTRIAL:
2911 23 0.00583 16.00000 0.04735 Q.75754 (.00583
17561 2534 0.564251 79.00000 1.05730 83.52673 0.64251%
35112 153 0.03876 3.00000 1.87976 5.03927 0.03876
3441 300 0.07401 10.00000 0.98809 9.28092 0.07801
34643 165 0.04540 10.0000C 0.64226 6.42250 0.04940
3444 740 0.18748 12.00000 2.03108 24.37294 0.18748
Sub-total 3947 1.0000¢ 120.00000 130.00000 1.00CC0
DISTRIBUTCRS:
5171 110 0.14013 32.000C0 0.574386 21.57562 0.14013
5172 515 0.45805 90.00000 1.12253 101.03185 0.45605
584 160 0.20382 32.00000 ¢.9808% 31.38854 0.20382
Sub~-total 785 1.00000 154.000Q00 154.000C0 1.00000
FLEZTS:
4225 2287 0.84543 151.00000 0.98029 148.02309 0.85543
4224 . 255 Q.13437 20.00000 1.14885 22.97691 0.13437
Sub-total 2642 1.00000 171.00000 171.00000 1.00000
TOTAL 8096 4.00000 455.004C0 655.00000 4.00000
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Weights for Rural Data

UNIVERSE PROPCR- ACTUAL WEIGHTED WEIGHTED

sIC AVAILABLE  TICN SAMPLE WEI1GAT  VALUE DISTRIE.
AGRICULTURE:

a7 93 0.05326 43.00000 0.25022 10.75945 0.053256
Q7% 1653 0.9446764 159.00000 1.20277 191.26055 0.94674
sub-tozal 1766 1.00000 202.00000 202.00000 1.000C0
[NOUSTRIAL:

&9 8 0.008%% 7.00000 0.16742 1.17197 0.00849
1781 £51 0.59108 101.00000 0.96425 95.25943 0.49108
3312 39 0.04140 2.00000 2.35669 5.71338 0.04340
3441 ¢6 0.10191 10.00000 1.40637 14.06349 0.10191
843 46 0.04383 8.00000 0Q.84235 6.73885 0.04883
3444 102 0.10828 10.00000 1.49427 14.94263 0.10828
sub-total 942 1.00000 138.00000 138.000C0 1.00000

DISTRIZUTCRS:

5173 160 0.267S6 40.00000 1.05688 £2.27425 0.28736
Si72 257 0.44649 90.00000 4.73384 70.54515  0.44649

171 0.28595 28.00000 1.51359 45.18040 0.2859%

5984 i

Sub-toral 558 1.00000 158.00000 153.00000 1.00000
FLEZTS:

4225 €51 0.8718%4 121.00000 1.04476 126.41614 0.87184
4225 81 0.12816 24.00000 0.77433 18.58386 0.13816
sub-total 432 1.00000 145.00000 1545.0000G 1.00000
TOTAL }9&8 4.00000 443.00000 &43.00000 &.00000
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Q1o

Q20

Q30

Q4o

Qs0

Q60

APPENDIXD
ARB LPG Usage Study Questionnaire

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

Could you transfer me please?

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 who would know the most about the volume of your propane
shipments and transfers?

{IF YES, CONTINUE. IF NO, KEEP TRYING TO LOCATE CCRRECT 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 retineries?
1 YES - REFINE PROPANE (SKIP TO Q70)
2 YES - TRANSPORT PROPANE (SKIP TC Q80}
I NO
Is your company considered either a propane marketer or supplier?
1YES (SKIP TO Q125)
2NO
Does your company buy propane from either a propane dealer or whalesaler?
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 month 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 VIA TRUCK
3 DONT KNOW

Q93 How many gailons are filled { | using a bieeder valve?

1 ENTER # OF GALLONS:
2 PERCENTAGE:
8 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
9 DON'T KNOW

Q113 And how many gallons are filled { ] using a bleeder valve?

1 ENTER # OF GALLONS
2 PERCENTAGE:
9 DONT KNOW

Q120 How many rail containers are loaded [ 17

1 NUMBER OF CONTAINERS:
9 DONT KNOW
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Q122 Besides transporting (and refining) propane, is your site invoived 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 galions or more?

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

G140 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 KNCW

NO OTHER CHOICES

QOB WN =

Q146 ENTER OTHER SIZES:

O kN

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

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 buik plant?

1 YES
2NO (SKIP TO 810)
9 DONT KNOW
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Q170 Do you operate the same number of Bobtails year round?

1 YES
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 buik 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:
6 3,000 GALLONS:
7 3,200 GALLONS:
8 OTHER
9 DONTKNOW
A NO OTHER CHOICES
OTHER SIZE:

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

1 YES
2 NQ
9 DONT KNOW

Q243 What percentage of all 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
season?

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

Q255 The next few gquestions are about the water capacity of your Bobtail trucks, and the
average number of deliveries per day from each size Bobtail. Since your fleet is fairly
large, it might be more convenient for you if we faxed you those particular questions. But,
we would need you to fax the guestionnaire 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 Q276)
2 PHONE

Q256 INTERVIEWER: PLEASE USE ARB-LPG SURVEY FORM B. BE SURE THAT ALL
BOBTAILS ARE ACCOUNTED FOR. DONT FORGET TO ASK
ABQUT 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 CFF THE PHONE, BE SURE TO NCT THE
OPEN NUMBER, RECORD NUMBER, COMPANY NAME AND
LOCATION CN THE FORM.

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

INTERVIEWER: ENTER FAX INFORMATICON ON FAX COVER SHEET. PLEASE CONFIRM
COMPANY NAME AND SPELLING CF RESPONDENT'S NAME.

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

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

GIVE THE COMPLETED FORM TO YOUR SUPERVISCR AS
SOON AS YOU FINISH IT.
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Q260

Q400

Q475

Q500

Q575

Qs80

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:

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

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

For how many months does your peak season last?
1 ENTER # QF 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:

How many days a week does your business operate?

1 FIVE DAYS

2 SiIX DAYS (REFINERIES ONLY)
3 SEVEN DAYS

9 DONT KNOW

Do you have any storage tanks of less than 1,500 gailons?
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)

1-150 GALLONS
151-300 GALLONS
301-600 GALLONS
601-900 GALLONS
801-1500 GALLONS
DONT KNCW

NO OTHER CHOICES

NOO R WN =

Q591 Does your company fill cylinders for customers, either on-site for delivery, or at the
customer's site?

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

Q595 How many cylinders are filled for customers?

1 DAILY:

2 WEEKLY:

3 MCNTHLY:

4 YEARLY:

9 DONT KNOW

Q625 How many gallons are used | ] to till these cylinders?

1 NUMBER OF GALLONS:
9 DONT KNOW

Q630 Does your company operate propane fueled vehicles?

1YES
2 NO (SKIP TO 670)
3 DONT KNOW
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Q631

Qe6s0

Q660

Q670

Q671

Q680

Please give the type and number of propane vehicies 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 (SKIP TO 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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Qe85 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

Q@699 Forthese uses, how many transfers are made [ ]?

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?

1YES
2NO

Q801 Who would be the person in your company who knows about your propane 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/PROCEDURES 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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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.

Q820 When filling cylinders, doyouusea. ..

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

A COMPACT ACME FILLER COUPLING

EXTENDED SAFETY FILLER COUPLING
SOMETHING ELSE

DONT KNOW

OO AWM =

Q821 s an adapter used most of the time for this operation?

1 YES
2NO
9 DON'T KNCW

Q822 What type of adapter is most commonly used? PLEASE DESCRIBE:
Q823 Of all the cylinders you fill, what percentage of those are filled using a bleeder valve?

1 PERCENTAGE:
9 DONT KNOW

Q830 When transferring fue! 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

DCNT KNOW

(Yo & LI < S B oG I

SPECIFY:

Q832 s an adapter used most of the time for this operation?

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

PLEASE DESCRIBE:

Q840 When transferring fue! 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

W ;W -

SPECIFY:

Qs42 s an adapter most of the time for this operation?

1YES
2NO
9 DONT KNOW

Q844 What type of adapter is most commonly used?

PLEASE DESCRIBE:

Q845 For delivering propane from a Bobtail do youuse a. . .
(READ LIST)

A QUICK ACTING SHUT-OFF NOZZLE

A COMPACT ACME FILLER COUPLING

EXTENDED SAFETY FiLLER COUPLING

SOMETHING ELSE

DONT KNOW

W & WN

SPECIFY:

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

1 YES
2NO
9 DONT KNOW

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

Q820 Those are all of the questions that | have. | wantto thank you very much for your time and
cooperation.
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APPENDIX E
LPG Residential Data Results

ESTIMATED MARKET PENETRATICN OF
LICUID PRCPANE GAS FCR HOUSEZHOLD HEATIKG
STATE OF CALIFORNIA BY COUNTY

ESTIMATED

PERCINT ESTIMATED

DWELLINGS ESTIMATED DWELLING

USING ANY = QF 1990 # OF UNITS

LP GAS FCR OVNELLING USING ANY

COUNTY HEATING UNITS LP GAS
ALAMEDA 10.70 504109 53940
ALPINE 33.82 1319 512
AHADGR 27.73 12814 3560
BUTTE 15.51 76115 11805
CALAVERAS 45.45 19153 8705
COLUSA 17.60 6295 1108
CONTRA COSTA 9.97 316170 31522
DEL NORTE 7.7C 9091 700
EL DORAOG 30.73 £1451 . 18884
FRESHO 18.87 235563 44651
GLENN 10.00 9329 933
HUMSOLOT 7.70 51134 3937
[HPERIAL 8.20 36559 2998
IHYO 18.L8 8712 1610
XERN 9.18 198434 18235
KINGS 33.33 30843 10280
LAKE 31.9¢4 28822 9206
LASSEN 27.87 10358 2887
LOS ANGELES 4,50 31863343 155004
MADERA 30.40 30831 9e34
MARIH 5.35 $97S7 5337
MARIPOSA 54.76 7700 4217
MENDCCINQ 5.7 II84T 1921
MERCZID 17.43 538410 10210
HC2Z3T0 9.28 L&72 [31A
MONG 27.22 10564 2502
MONTEREY 13.60 12122¢ 16486
NAPA 5.13 2199 2267
NEVADA 35.29 37352 13182
CRANGE 1.60 875072 140601
PLACER 10.73 77379 8356
PLUMAS 27.87 11962 3328
RIVERSIDS 8.20 483347 39675
SACRAMEXRTO R 2.3 417574 39148
SAN BENITO 11.59 12230 1237
SAN BEXNARDINO 8.20 842332 LLAT
SAN DIEGD 4.50 925240 44365
SAN FRANCISTD $.70 328471 31862
SAN JOACUIN 13.50 166274 22447
SAN LULS C31SFO §.29 $0200 2330
SAH MATZO 9.20 2517382 20875
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LPG Residential Data Results

ESTIHATED HMARKET PENETRATICH OF
LIGUID PROPANE GAS FCR HOUSTHULD HEATIHNG
STATE OF CALIFORNIA 8Y COUNTY

ESTIMATED
PERCENT ESTIMATED
DUELLINGS ESTIHATED OWELLING
USING ANY # oF 1590 2 OF UNITS
LP GiS FOR DWELLING USING ARY
COUNTY HEATING UNITS LP GAS
SANTA BAREARA 10.33 138149 16e71
SANTA CLARA 9.28 540240 53378
SANTA CRUZ 8.55 91873 7354
SHASTA 27.37 60932 16376
SIEARA 31.33 2168 &34
sisxivey 27.87 20141 $613
SGLANO 11.81 119533 14117
SONCMA 2.07 161062 16408
STANISLAUS 11.26 132027 14840
SUTTER 16.55 26163 4000
TENAMA 12.76 20403 2502
TRINITY 7.70 7540 531
TULARE 28.33 105013 29803
TUQLUMNE 32.18 25173 8101
VENTURA 1.10 228473 2513
ToLG 10.85 53000 §731
YUSA 15.51 21245 3295
[TcrAL 11182382 929700
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APPENDIX F
Transter Equipment

Giche and Angle Yalves

Beacause of their sturdy maintenance-free design and caon- Iceal for 2ll plant piping. Ecuipped with @ 4" NPT piug to
struction, AegQ clobe and angie vaives are greferred for facititate use of vent vaive or hydresiztic relief valve. Suitatle
LP-Gas and NH, service. Ductile iron todies and stzinless for use up to 400 psig. T Series with teflon seats available
steel stems tQ resist corrosion. Spring loaded TFE V-iype stem on special order.

sea~ls and BUNA N seats for long-lived leakproof service. E ;
= EL

ATS17AP

w.
[fen

ATZQTAP
A7513AP A735144P
Part Number Prapane & 1 PSI >
nlat and Buna N Seats | Tetlon Seats ™ Pressyre Drop” A "
Quitet Size Straight |  Angle | Straight Angle Straignt | Angle
A EMNPT _ ] -— | TA7Q34p TA7034LP 10.0 14.8
¥ UENPT ATS0SAP| ATS0Q6AP | TATSQSAP| TATSOGAP 12.0 17.7
-:wrr A7SQ7TAP| A75C8AP| TATSOTAP| TATSOSAP| 178 | 220 ATS18FP
WOENPT A7S09BP| A75108P ) TA75098P| TATSI0BP 6.5 £4.0 -;’
",“"NPT A7S511AP| ATS12AP | TA7TS511AP| TAT512AP 23.0 £5.3
1% ACO=ANSI A.F Flange | AT511FP | — — — 45.0 -
2TENPT ATS13APY A7TS514AP | TATS13AP! TA7S14AP 75.0 88.5
2" ZCA=ANSI A.F Fiange A7513FP| A7514FF | TATSI3FP - 78.0 133
JTENFT A7517TAP| A7518AP | TATS1TAP | TATS18AP 187 303
3 200=ANSI A.F Fiance A7517FP | A7518FP | TATSITFP| —~ | 197 203

*To cttain approximarce flow at other than t £51 cressure creo, mullicty flow in tadle &y scuare
rcat of pressure crao. Examote: A7514FP 8 9 FSIO = 133 x V3=399 GPM prapane. Far NHy

flow. muitiply by .S0.
= Tellon seat on valves buiit o orcer
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L.P.-Gas. Valves

Globe & Angla “Yalves -

Squibb-Taylor “Hi-Fio” Globe & Angle Valves

AL308 & 310 Globe
AL309 & 311 Angle

AL312, 314, 316 & 320 Gishe
AL313, 316, 317 & 321 Angle

. AL300 Series

314" thru 3~ Slzes

AL208 through 321-"Hi-flo* series-LP<gas or NHy
fquid of vapar sarvice, and omner gases.

s Shinless steef sms -

« Resifient swivel seaty

« Ductle iron bodies

» Spring Josded chevron leflon packing

SCREWED BONNET BOLTED BONNET

PART | NPT PORT | APPROX. | it OIMENSIONS T

Wo. | sze |TYPE| Dia. | wr. Lss. [ WERKING P c | o £ —[
AL308P | 4~ | Giove | 4= | zw2ms.| sw0ms. | 4wt - - Ol L ‘
AL30SP | 4 |Angle | 47 | 292ms.| 400ms. | 3780 [ 111167 | 127 - 59116 |
ALI10P | . 17 | Glode 1 Ibs. | 400Bs. | 434 - - 14t & -
AL311P 1= | Angle 17 abs. | 400Bs | 3%, 2" 2 - Szt | T
AL312P | 1-1/4" 1§ Globe | 1-144° 8 bs. | 400 bbs. 6-114% - - 5° 1-J4"
AL313P | 1.wa" | Angle | 1-1/4° 81bs. | 400 bs. igr.| 2w | 2wz - 812"
AL314P | 1.1/27 | Globe | 1-1/27 | &V4ibs. | 400 s, RIS - £516" 728" ; —l-
AL31SP [ 1-12" |Angie | 112 | 8-wzbs. | 400ms. | AT | 2987 | 2.58° - g4 | € ;
M316P{ 2« |Gobe| 2 [1z-wzws | d00ms. | &34 | - - & g i
AL31TP 2+ |angie ! 2 |1vams | 4woms | 53 3| e - 812" I :
AL320P| 3% |Gobe| 3° | 41ms) 4ooms | n1m06t | - - g« | 156 L
AL321P 3 |ange | 2* |37-14bs. | 400ms. | 104" 4 4 ~ 14-1747 -

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

Add to part no. for dccessaries desired:

R — A1325 Hyd. Refief Vave—SS.

AL400

“Economy”’
Serles
1/12* and 314"

PART” | NPT, QIMENSIONS
N0, | sizE | PR T T c 0 3
ALA10P [- 1/2* | Giote | 338 | — -_|3r -
JALA1IP | 1/2° | Angle | 3338 [ 1112 | 134 - LT ]
AL412P | 4« |-Giobe | 3338 - /- ;m -
ALAI3P | 4= |Angie | 338 | 12 Y14 |- | S

lMdmmmbxmﬁgdsim:

R — A1205 Aefiei—5S B — A1911 Eleed—S 5.

P — Plug (standzr)

A1596R New!
Liquid Withdrawal Valve
With Excess Flow Yalve

Built-in hydrostatic sefef valve relieves

intamaily.

Ialet-1-1/4% M.NPT.
' Outlet-1* F.NPT.

Clasing Flaw-48 GFM
Note: Squibb-Tovior ALLOTP & ALLDSP NHy
Angle Vaive, A15509 & A1537R NH3 Mullr
Purpose Valves are alsa avasiatie.
FReqo 533001 Hvd. Relet, ABOTE0P.
mwnu' AZ0170H, A7551P, ATSZ0P
NH; Vaives ars alss avaiatie.

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

Gicbe and Angle Vaives

Globe and angle valves are widely used 1t bulk plants to coazal gs flow
in the piping system, at starage tanks, om trucks, and 2t pump
compressors

For TFE seat disz, add ~T™ to basic type aumber, &2, N310T or N4IOT.

TYPE NUMBER
INLET & QUTLET Heavy-Quty Yerzion £ocanemy Versen
SERVICE | CCNNECTIONS | Glooe | Angie | Qlece Angie
= 1/Z FNPT M3o1-04 | NM=SA] — —_— 11198
_!' 3/4° FNAT W301-08 I P — pu— 11158
1° FNFT N301-08 i B — 114.73
L le T /e FRPT | N316-10 | Nate-1d | — — | =z
N =147 FMFT W3to-12 | Nate-12 — — 2210
T FNPT M310-18 | Maso-1e | — — 288391
Naso T FNPT NI10-24 | MAto-24 | — —  ftooa.t2
3 ANSI Flange | NI10K-24 | MaToR24) —— — 1241.48
G VT FNPT — — 33604 | M450-04 | T2J2
214° FNPT . e N330-08 | Naso-0e T2.72
Emergency Shutot! Valves {or Buik Plants
Type NS50 Snappy Joe emergency shutoll valves (ESVs) are designed
—-—-m for in-line inseallation, usuaily near 2 duikhead, The valves provide a
p '? - means of shurting off gas in the eveat of a hose rupture orpiping breaks
e ' = at the transfer arca,
PO
:t'-‘m ‘ k] ] —
T . /
- 17 vamCased
o 2 e gooy |raw@ 1 esia TY?E
IZE CIFFERENTIAL ACCESSORIES NUMBER
P22TA Praumans 1174 FNPT|  133gom 1630 Catne Faweuss | HSO-1 | 407.41
Falonse < 227 P R
T ENFT 15Q 22m 73278 Aie Cnoer N350-18 T8 31
3 FNPT 280 cam T11338 Coneros Vans | nssa-24 [ 110207
Emergency Shutolf Yalves for Railroad Tank Cars
gy Pi—" — Unagen Ghmm
= Series N580 Saappy Joe ESVs are designed expressly for artachment 1o
the shuroff valves on railread rank ars. Usuaily threz N5&Cs will be
used, twa an the liquid line and one oa the vapor line.
IMUTOFE
NIPPLE VALVE HOSE TP
LENGTH | CONNECTION| CONNECTION | ACCESSORIES| NUMBER
- qas Type £350 " 152022
218 2 UNFT , FI/4" M Acme S80. 28 .
13T Cautrina Msgt.28 f 132407
Hose End
L TTPE NUMBER
> = T ) ShEGTION :L"- Sernte
3 : s . . . . CONMECTION | CONNECT arves
s Typ_e N42e hose ::‘ldV‘l[’?‘ﬁ are integded rorqlnck opening and clcsing T T ToiaF deme ] Waie | — | B3
during Yobrail treek deliveries of LP-gas or NH3. TrnET | 1.3/a-F. deme | —— | KAz} 32728
Large Fiiler Yalves
'q.-'-i'f_ Type D158-D141 filler valves ars used oa ASME tanis [cund at bulk
. '}’g' 4 i phnmunﬂumhusdcabobuﬂammmponrm
B qguec 3 P For ring aad chaia assembly, order P167.
4 i "3- g
ey N ALLNG CAR.| USEWITH
.‘ ac ’ CINTAINER UuNg sacx | (@topsg | BACKXCHECK| TYRE
!‘ : B CONNECTION | CONNECON | CHECX | ant press) VALYE NUMSER
= T NET 174 W Aare ! Coucse | 108 com p— 48 p= ]
0138 or 0123 = =
p— TanPT |21/ M ace | Sage | 1SS gam S112aGIT | 0134 1458
Qtad or U141 T MNBT T174° M. icme i Cousit | 2= ¢om —_— o141 41143
3 NPT 1) M, same| Seqe | ITSsem Gilcs o132 782
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”

GuicK=-Acting <Snut-Or1t Valves Leveroperation, for liquid transfer, especially hose end service. Designed
. : to close tight in direction of arrow only. See page 27 for ACME

connectors used with these valves.

ATIOTL

T ST
S Taner | SR A e e T | P Flow GOMA
fsgﬂ-o_& :L’:T’&‘}?E‘ Sy i propatie. @ TiPSIk!
§§|ypa- X Had T Sap Miteral 25 XProssire Drog" 2!
O-Ring No Forced Brass 185
O-Ring No Ductile Iran 1.85
-Q-Ring No Forged Brass 1.85
Q-Ring No Forged Brass 1.85
O-Ring No Forced Brass 1.85
Flange Ring No Ductile lro 7.3
Flange Ring Yes Ducdle iron 7.3
Flance Ring No Cucitie Iron 115
Filange Ring Yes Qucdle Iren 11.8
AT708L~| TFEV-Ring | VYes | Ductielron AT 12
1"ENPT | 1%°FACME - AT797™| TFE V-Ring Yes Ductile ron 16.0

multipty flow in acie by square oot of pressure

other than 1 FSI pressura drog,
For NH, flow, multioty by .20.

o clitam approximate flow at
= 11523 = 24.5 GPM propane.

¢rop. Examcle: 75548 8 9 PSID
~3uiil in vent vaive.
~~gpecial hose end vaive with puiitsn ACME adagrer and minimum bleed.

Multipurpose Valves

RET{JF

NH,

AB0O17 series also used for liquid
withdrawal in LP-Gas tanks. All include
¥ * plugged (P suffix on part numeer}

opening for attachment of pressure A80180P b Y o
gauge or hydrostatic relief valve. . N . R -
vy \* e

AN ,sz.‘:Pan 1] o Tank vig| 7 Quttet: i Hosa riw :quiairzglcxasfnq Fiew
“Appllcation |- Nuriters| =Connectlon Connectlon)’ Connection 2= Vaive 25 GPM NHJ™
Fiiling” AS016DP 1% "M.NPT — 134"MACME]  N/A 44

ASCI7OH=| 14"MNPT| 1°ENPT - Yes | (orooane 4!
Withdrawal | A80170P | 14"M.NPT| 1°ENPT - No | (orocane 551

ASQ17DLP | 1%"M.NPT] %"FNPT - No | (oropeme 491 H
Filling/ - - " &0
Withgrawai A8018DP 1%"M.NFT| 1°ENPT 1%"M.ACME Na toropane 55)

«also used for vapar egudiizanon.
~Autamatic back pressure check valve Built into shut-oif valve, designed to ralieve hrydrostatic pressure

back to tani, elimmnating need for secarate Nydrastatic relief vaive.

el weyrasre| 3Vapors: - Pressure=i=| 3 IR
| 2% ParTet: i Tanico=2 | T(iBleed: o L . Gauge*£iixa| Preshura Rallel’
% Application e | SaNumbers, Cannecion | Connaciion. Qrder.Sagarately A VaversTE:
Vacor bleed.
?;eedl \l}eq::?/alve A8019712.0 AA3120UA2Z50
| Cutdip tube| 4y« Py 130UA2E
pf:nszum gauge mrequifed 1% M.NFT 74 F.NF'T AMCO (lnduded)
pressura reliet length
valve

“nat installed. Order segarately,
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Hose End & Filler Valves

l FiSH'I

Type N480 & N481 Hose
End Valves

Type N4B0 hose end vaives are intended (or
quick opening and closing during beotail
truck deliveries of LP-gas or NH,. The N480's
unigue design prevents it [rem being opened
unless attached 1o a 1¥-inch acme [iller
valve at the tank. The 45° angle body con-
figuration gives maximum handling ease
during the transfer operation.

Incraased Salety - Even with the operating
lever in the open position, e N480 is de-
signed 10 not open unfess coanecied. This
pravents zccidental cpening during hose
reel-up or at ather times.

Operstional Ease ~ The fluted coupler per-
mits quick attachment to the filler vaive, and
tha cperating lever is easy (o reach for open-
ing or closing.

Filler Hose Adaptor-Type N480 includes a
filler hose adaptor (Type MS570, page 33)
which permits the hose end valve and hose (o
be removed from filler valves that fail to close.
In such cases the M570 adaptor jorms a seal
on the filler valve by means of a back check
vaive.

Caution: Other brands of filler hose adap-
tors shouid not be used with the N48C
because they could allow accidentai
cpening of the valve while it s being
carried.

NH, Servics = Type N481 hose end vaives
{without the Type M570 filler hose adaptor)
can be supplied lor NH, applications.

Specifications

Weight: §.3 lbs. (N480); 4.2 Ibs. (N481)
Body: Ductile iron

Cougiing & Operating Lever: Stainless steel

Fiow Tube: Carbon steel, TFE coated

TYPE NUMBER
INLET QUTLET LP-gas NH,
COMNECTION| CONNECTION | Servica | Service
1-in. FNPT | 1¥win. F. Acne | N480 | N481
Large Filler Valves cially machined groave in the lower body.
- Intemnal parts ars of suress reiigved brass bar

Type D138-D141 filler valves are used on
ASME tanks found at buik plants, as weil as
tanks used on bobtall and tanspon trucks.
Heavy-duty coasuuction throughout gives
axtra strength lor sate, rapid filing.

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

Laakage {rom tha upper and lower body con-
necsion (D140 and D141} is pravented by a
resifent gaskat that is retained within 3 sDe~

stock with the excepton of stainless steei
springs and stams.

Type D138 & D139 — Single-back check
valves for use with either & supplementary
Back check valve (see “G” series abave) ora
manual shutoff vaive (see page 17).

Type D140 & D141 —Conventional two-piece
design vaives with bolt an upper and lower
back check. The bubble tight upper back
ceck has a resilient seat for maximum sar-
vice {ile. A metal-io-matal lower back check
protects against loss of tank cesntents in the
avent of 2n ac=dent and aiso permils remav-
al ot the upper bocy with the tank uncer
pressurs.

FILLING CAPACITY USEWITH

CONTAINER LINE BACK TYPE (AL 10 psig BACK CHECX
CONHECTION| COKNECTION®™ | CHECK | NUMBER | ditereatisl pressure) YALYE

. i A Double | U140 100cgm -
Zin MNP | 2vrin. M. * Singte o138 105 gpm G112 er G107

: - Daugle D141 28 grm —

1, A:n‘ =

3. MNPT | 3¥ein. Mo Single 0139 275 gpm |  Gios
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COUPLINGS and ADAPTORS

Female Acme Filler Coupilngs Male Acme x Female NPT Adaptars
MALE | FEMALE | WASHER TYPENUMBER
JF ACME il OWNG NO. Brass Steed
- 141 14° 114 3408472 — 22
2 4 1174 p 11 sz | Mares/d e 70
1.174° T M1v2 — 2837
1a174° /4 M193 - 437
FEMALE OTHER TYPE RUMBER 1.3/4° 114" M9 — 128
ACME |COMNEGTION| LENGTH | REF.NC. | Brrae Steed te3/4* FY M311 — 1420
1-1 14" 318" MNPT r 1 M100 —a— 241 1.3/4° 1z u;: — 1831
1-174° 3T MNPT 24T 1 M1a1 a— =209 1a3/4% 34 E812¢ MI13 e 1254
1-3/4° 1/T MNPT E 1 M11g — T3 13/4 3/4° e M348 3tA3
1.3/4* 3/4° MNFT r 1 M111 w— 18.28 1.3/4° ™ M1 m—— x.12
1-3/4° /4" MNPT > 1 — Ma31-4 51.58 1-374° +* — SR E] 4148
1-3/4° 374" UNPT &1/8° 2 — Merss 13.38 2:114° 1 M302-12/3 — 7.4
1e3/4° 1° UNPT I 1 112 mmase 22-8 174 o174 M507.18/18 —— 28
1-374* 1* MNPT I 1 — Mé3t-4 3440 2-1/4° Ty /4t Ed129 — 97214719 &1cA
1-3/4° 1 UNST r 2 —— M 13, .14 2174 tet T M3a2-14/12 — 237
2174 1-1/4* WINPT >4 3 120 7324 3174t 1144° [ — 70.02
174" 101/4° MNFT =1/47 3 — M121 4829 374" P 152 — [
301747 o1 74" FNPT 1.1/ 4 Sdad 7 259 3-1/4" P IEat2s — MEIs-18 B4 22
1747 T ANPT 33/4° 3 130 100,43 Ftia” r M3os-14 — 17238
3.174° T MNFT 3-3/4* 3 — Mt13 8247 31/a" I — M431-24 1199
PRy I UNPT PN % [TYRIy — 22217 et 4" r M30e-24 | — =822
TIC94a
dat " T MNPT PNy 4 — Maels2s 2488 dal 2 * — | Msisi4 147.18
Female Acme Vapor Return Couplings Male Acme x Male NPT Adaptors
ware | maig | wasuen TYPE NUMBER
o ACME NEYT DWNG. KQ. Araew ¢ Staes
‘ . 1o j4* T Mana-4/T — =1
! 1eijat 174 e wase-4/3 — 7.0
- },‘, (Y 3 —— MS20-4 0.0
3 -~ 7 1974 T — NIzt azr
1.374% 314" w1t —— 14.08
1-3/4° S —— M3t 3120
1-374° - IE3124 W16 — 17.18
1-3/4° 1 — MS21-4 2407
1374° (BT W27 [ 18,59
FEMALE | MALE TYPE HUMBER 1-3/4° 1174 —— M521-10 208
ACNME KWPT | LENGTH | REF, HO. | Brane | Stew FETN YT 213 ] J— 4179
1ot ja* a5 Y4 ] M14D } 17.18 2-1/4° 1e1/4° — ) M4 =272
1.1/4° | /8 1/4° 5 I | =421 2-114* 17 €319 3021278 | J— 3728
1-1/4° Iy 2T L] M141 —— 17,18 FRTLY r M302-14/10 | — 2%
=174 1T 0T H] — [rryT-vy 1A -4 F3 — Msii-1e/10 [
1-374° 4" 3l/a E] 133 — -] /a0 T 50318 — o217
1-3/4° 34" r [} — ] Medt—4 12928 ifa” F+f — L 1310
1374 RIS 3 ISt ] —— Nt} Tija ¥ Ea12s W31 — =1
1-3/4" 1 3414 4 — | Med1ed 723 174" 3 — M323-1¢ | 13150
1,374 1 -8 4 — | Mesg-s [ e Fd MIoe-24 —_— Z20a
2-1/4* } 1144 U8 ? [ —— [N PATY T Ticss J— b MS2ede 12852
Male Acme Adaptors C-Rings for Male Acme Adaptors
The 2-1/4° and 3-1/4" male adaptors listed abave on be
supplied with replacement O-riags innead of the coaves-
MALE wasWgn | TTPENUMAER tigozl washer type of gasker. O-rings give tightes seal in
ACHE CWHG. HO. | Srpsa | Sieet mest cases than the washers.
T uyre | — 31.43
1.374% ¥ 1-374" €314 M2y — 37.10
1.374° ¢ 1-3/4° €3174 — 591414 414
241w 2070 E3128 — | ME3S=13 ) BDESCRIFTICM TYPE NUMBER
Miiaty 2r/a) €3S — | Ms1eqs | 1ZL10 | g Fov 2-1/4” 3dacsom | T11838 T0012 190
ot fimxatiar]  TieSes ] msecs | =8 Grweg for 314" 2eacinrs | INTIIT 06583 208
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fnreag Agapiors

Male Acme x Male NPT

Adaptors—8rassiSteel Male Acme

PautHa  Descriotion x Female Acme Swivel

5763C U4 Acme x U2* MNFT Maie Female

57630 4" Aome x V47 MNFT Part X he=2 Aete

A21S 134" pcne x V4" MNFT MSAICT 1-3/4° 214"

AZ18 34 Acme'x 17 MNFT MSA302 | ST v

AZ37 T4 Acme x 1-V4" MNFT MG23 (Steel) 3w L

ASTESC P4 Acme 3 1/2° MNFT (Stze) .

ASTEEE +34° fome x 17 MNFT (Sleer) 1 H

YTRF e bomen vt BT ) 7#= Acme Filler Couplings

ﬁi 24" Aome 1 FU4T MNPT - s - -
2.44* Acme x 1-V2 MKFT gga=® Female Acme Fille i

AS0238 2-U4° Accie x 2° MNFT - Pant Ho. Dmﬁ:}jﬁn—r Caupllnqs.

As03 34e Acmex2”

AS024 34 heme : z_sz-N;TN" Aﬁig-l T\V‘: fﬂﬂl 3 .’-:-1' MNFT

A282 Ju4” Acme x 3° MNFT P g 1347 fcme x 17 MAFT

ASTESH  3-Ud" Acma x 2% MNPT (Szed) % re R jmer 2 il

ASTTIK 44 Acme 1 3% MHPT (Stew) A L e e

Male Acme x Femaie

1:1/4* Aeme x 18° MMPT

Descriation

2U4° Ao x -k MNFT

34M4° Acme x 2° MAFT

2.U4* Acme 1 %-V4* MNFT [Slea}
3U4° Acme x 2° MNFT (Stee))

Female Acme Filler Cauplings
By Reuseahle Hose Cauplings

Descritisa

14 Acme @ V2° LO Hose
14" e 1 40 L0 Fase
14" Acva x 17 LO. Hose

Female Acme Filler Coupiings
\. By Clamp Type Hose Coupling

Qescrigtion

NPT Adaptors—BrassiSteed Part N
by 14" forme x A4S FNFT 120
A-L‘!EB 1-Y4= Acme 1 SB° FNFT A120
§752C 1147 Acme x W2° FNFT A3185
57820 1-y4= Aome x M4* FNST A3185
A210 L4 AcTe x V4" FNFT
57548 134" Acme x UB° FNFT

4 512 134 Acme x 12" FNPT

13 1-24= Acme 3 4 FHFT

AZla 34" fcme 1 1° FNFT Pat Ha,
ASTBIW L4 Acme 3 V8" St (Steer) 10%
AS7840 1-34% Acme x U4 FUPT (Slzz) " 1025
A5024 2.V4" Acma x 1= FNFT . 1038
A5028 U4~ Acme 1 1-U4” ENFT ==
As02C 2-U4" Acme x 1-12° FNFT - ’\
A252 J.U4" Acte x 27 FNFT ;
£250 JU4" Aome T 1U8* FNPT =, Part Ho
A2:S 34 Acne x 1U2° FNPT ;¢ M3162-128

57834 34" Acme x 212 FHPT
ms08-24 3-114* Acme 1 3° FPT
ASTEEH 3-1/4* Acme x 2° FNPT (Sleef)

Male Acme Caupler

Part Ha

1-24= Acme x 347 L0 Hose

i M3162.32S N4 Acme x 27 LD, Hose

Esfended Safety Female
cme Filler Cauplings—Stee!

Descriation

AZ70 +U4° Acme X 144" Acme

AZ7l 14" Acme ¥ -J4° Acme ﬁ:?lggf:
STE7M -U4= Acme x 2147 Acme A7S7ELS
5753M TU4" fome x FUA* cme B AIS7EL2

Acme Caps & Plugs .

1Jrhe Acme 1 Z4° MNFT
1-Jd= Acrme 1 10 MNFT
1-24* Aome 1 1-174° MNFT
34" fome 1 U2 MNPT

Acme Vapor Couplings

Female Acme Caps

Vapor Equalizing Coupiings

Deszristicn

Part o Oescriotica Ve
- IS -1 pame Can ————t  PitHa
= 18£0-3 144" Acme Cap ATaA
e ; A7388
I 1220-10  1-V4” Acme Cao Wit streg et
2-1/4" Acme Cig & Clan—8rass) i}:‘é‘ .

U4 AcTie 1 157 MNFT
4" Acme x U2° MNFT
1-34* Jome 1 D47 MNET
134 Ace 1 1" MNFT
24”3 1K SNFT

_Extended Safety Vapor
~ " Equalizing Coupling

Deszristian

\ M43z 244 Acme Cag (St
vn) 31/4* Acme €5 & Cham—{Brass)
M3 3147 Leme Cip & Qain—{Steatl | .
; N " Plastic Plugs With Chains* L2 Put Ko
—_ Pat Ha Deserigtion ) ATS71L
ATSTILA

N A178 LU~ M A
. ey V4 M Acme ATS7ILS
aal 2UR* M Acse  “STEEPA Erass T4 Acme Plug & Chain is .
s181 3" M Acme P

114" e 1 337 MNPT
114 Acme 3 W27 MNPT
114" Aoz 2 4 BPT

MSTIER
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ACME Check Connectors for Lift Trucks

7141F and 7141M @

. Theszbeassconneciors are especially designed tojoin ihe carsuretor
{uetline to the service valve onlilt ruck eylinders. Sturdy, long lasung
ACME threaas allow quick, hand-tighl assembly that grovices for
quick ana simpla cylinder replacament Back checks autontaticzliy
close in each connecior when disconneces.

The 7151M couples directly ta tha service vaive, An inlegral O-ring is
desigrea to seal bafore the internal check spens, aiding in croauct
less prevention. A gasket al the ACVE thresd is a secondary seal
when the conmneciorgare nghtenad togethar, The connestor fits SegQ
lift truck cylincer filling 2daptars tor last, cenvenient filling.

The 7141F acceota fuel line adapier and couples directly ¢ he 714114,
The C-1ng sex in the 7141M is d=signed (¢ saa] betare 1he intarnal
crecs opens 10 &llaw progucs ta pass through the cennection, The
kuned coupting eases threading 2nd 1Ine ACME threads provide rapid,
eftoriiess make-ap. 2ven against LP-Gas pressure.

. . I
NQOTE: Refer 1o tne “Cyimgoer and Sesvice Valves™ section ¢f e L £00 1% ACME
caiziog [or addiionat infarmaron.,
Grdering information
' Accrnaries®
A;:: | FroucteeCag
Numoar & Accicaoen | sl | Cussl | Ruader | Braa
- " ‘
H 5 A" !
nay | s;:::: ! NPT ’ M. AL numw | nafe
) n
| N R B Yy :
T | Furlie | pacug | FNPT - -

* Ascanmeadsd 10 Mmarnae lardsp MmLUisial antasng raives

WAL CON S fa LA 1D IS LAGS.
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Puil-away Valves

Full-away vaives provide protection against gas escape
at motor fuel dispensers shouid a vehicle pull away with
the hose connecied. Bzck checks in both halves ara
designed to ¢ciose when a tension load of approximatefy
75 lbs. causes the puil-zway vaive o separzia.

Fer Fiiling Iniet and Part
Rates® Cutlet Size Number
Up to 16 GPM Yot ENPT A2141A6
Up to 20 GPM 1" FE NFT A21471A8
AZ141A8

*Qazed on 10 £S1 pressure crog precane.

Needle Valves

Neadle valves are used for small inexgensive shut-off
and provide zccurate throaling in torch and smatl -

burmer applications.

Iniet Outtat Part
Connection - Cennection Numeger
T MNPT Y MUNFPT 1224WA
¥.4°.18 LM, U MUNFT 1314WA 1224WA
.e"-18 L.H. 7" MNPT 1316WA
Vo MUNPT Yo -18 LH. | 1318WA
T __

(Gritrol)} Fuel Line Filters

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

Iniet Qutlet =
Cannection Caonnaction Part _‘E F
12802 §

NPT NPT Number
'7." Female | '7,” Male 12802
;" Male | 'h® Femate 12504

Vent Valves - EEES

(Fixed Liquid Level Gauges]

These vent type gauging devices are ysed in

the filling operation of containers to indiczte when
the maximum pgermitted filling level has keen
anained. Gauges with or without tutes zre avail-
zble ta fit the cenfiguration of the container. All

valves have 1/4* M.NPT tank connection.
Part Instrucsian
Number Plata Dip Tube Actuation Matarial
3165 | No Hex head _J 5
I165H | No Coptionai* 1" Allen Erass >4 -
31657 . Yes Hex neid i
Tee Staintess toay
TA3169F12Q No 12" Handle Teflon seatcisc
i Steel dio tute )
Tee Stziniess sogy
TSS3169 No No Hanc'e | Teflon seat disc 3165HF120 L
3165FP120

“\When orcering vaives wad cio fule 2CICned. acd 30 F to (e fat numter
ang sgeciy "V~ langm in incnes ang tenths [ollowing Cie 3

Zramcie 316EHFIS.5 lor 2 £.5 inen dip fube acacsed o 2 J1ESH. Oip udes
1re avaiaole in following ing lengtix 4.7, 5.6, 5.9 and 10.8
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