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EXECUTIVE SUMMARY

Emissions from gasoline service stations represent a significant inventory component. As
automobile emission standards result in lower hydrocarbon exhaust emissions per mile,
the relative importance of fueling station emissions increases. Gasoline dispensing
facilities (GDF) have been subject to pollution control since the 1970s. These stationary
sources are a potentially important source of hydrocarbon compounds (VOC) that
interact with nitrogen oxides to form ambient oxidants. In nonattainment areas, initial
control efforts addressed VOC releases through the installation of vapor recovery
systems (VRS) for product delivery processes (Phase |) and product dispensing
activities (Phase 11). In 1985, emissions from GDFs were regulated statewide by
mandating the installation of Phase Il VRS on GDFs with annual throughput of at least
480,000 gallons. The purpose of this program is to reduce benzene exposure from fuel
dispensing activities. More recently, season-specific formulations of gasoline have
been rolled-out to fulfill the need for low volatility gasoline in the summer.

An alternative approach for controlling GDF transfer emissions is on-board refueling
vapor recovery (ORVR). In contrast to Phase Il VRS, ORVR systems route vapors
displaced from the vehicle tank during refueling into an enlarged charcoal canister
installed on the vehicle. The adsorbed vapors are subsequently drawn into the engine
and burned. The specific process that ORVR systems operate on is that, during
fueling, a seal created in the vehicle fillpipe prevents vapors from escaping the filineck
opening. Gasoline vapors are therefore routed to an onboard activated charcoal
canister. The activated charcoal canister adsorbs the vapors which are desorbed
during normal driving and mixed via a metering process with the engine intake air.
Onboard diagnostics (OBD) monitor ORVR system integrity and alert the operator if any
irregularities are detected.

ORVR has been debated since the 1970s as a potentially viable strategy for controlling
refueling emissions. California environmental officials discussed the implementation of
ORVR in the 1970s but opted in favor of Stage Il VRS. In 1990, the Clean Air Act
Amendments (CAAA) institutionalized ORVR by requiring the use of ORVR systems on
new 1998 and later passenger cars. This provides the mechanism for the phasing out
of Stage ll VRS. The CAAA specifically states that manufacturers were to be given four
years lead time following the adoption of ORVR regulations by EPA. ORVR
requirements would be phased-in, with 40%, 80% and 100% compliance required four,
five and six years, respectively, after ORVR rule adoption.

This research project was designed to evaluate the interaction between ORVR-
equipped vehicles and vapor recovery systems (VRS) at gasoline dispensing facilities
(GDF). In addition, the project was intended to determine whether ORVR-equipped
vehicles increase or decrease GDF emissions as a function of VRS design. The results
of this project indicate: :
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e When comparing simulated ORVR refueling with non-ORVR refueling events for
Gilbarco vacuum assist systems, the field data collected in this research project do
not indicate a consistent relationship between facility emissions and increased
refueling frequency of ORVR equipped vehicles.

« Based on the 10% and 50% ORVR experimental conditions, empirical and modeled
fugitive, vent line, and total facility emission factors suggest that ORVR effects may
not be linear but reach an early maximum effect.

e The baseline conditions (i.e., no ORVR refueling), measured over a 30 hour period,
yielded a fugitive hydrocarbon emission factor of 0.1210 pounds/1000 gallons with
UST pressures predominantly in the 0.02-0.06 in. W.C. range. Vent line emissions
considerably smaller by almost two orders of magnitude (0.0052 pounds/1000

gallon).

e Adding 10% ORVR vehicles into the daily refueling profile (representing early fleet
penetration) generated fugitive and vent line releases emission factors of 0.9103
and 0.0098 pounds/1000 gallons respectively when measured over a 32 hour
period. The resulting UST pressures increased to an average value of
approximately 1.25 in. W.C. 0.0098. Fugitive releases were roughly two orders of
magnitude larger can the vent line emission factor.

¢ The climax conditions of 50% ORVR equipped vehicles in the US on-road fleet did
not demonstrate a commensurate increase in facility emissions. Measured over a
32 hour period, fugitive emissions were half of the 10% ORVR penetration value
(0.4031 pounds/1000 galions). Vent line emissions were 0.0011 pounds/1000
gallons, a value that is lower than both the baseline and 10% ORVR penetration
value. The UST pressure profile for 50% ORVR penetration was centered around

0.5in. W.C.

» Total facility emissions (the sum of fugitive and vent line emissions) demonstrated an
early maximum effect with 10% ORVR penetration yielding larger emissions by
approximately a factor of two compared to the late ORVR penetration scenario (50%).
The control field conditions (0% ORVR) demonstrated total facility emissions seven
times smaller that 10% ORVR penetration.

e Underground storage tank gauge pressure (UST) is the primary determinant of vent
line, fugitive, and total facility emissions and vacuum asssist system leak rates. This
strongly suggests the importance of maintaining neutral pressure as a strategy to
control emissions at gasoline dispensing facilities. Pressure control systems of interest
include nozzle and vapor pump designs that maximize the nozzle fill pipe interface
seal to obtain the required collection efficiency at a VIL ratio at or below one. The
other option is vapor processor methods (e.g., thermal oxidizers, carbon absorption
units, selective permeation membranes). Many current certified nozzle and vapor
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interface. Rather, they depend on high V/L ratios to achieve greater than 95%
. collection efficiency at the dispensing point.
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Section 1

INTRODUCTION

11 STUDY OBJECTIVES

This research project was designed to evaluate the interaction between ORVR-
equipped vehicles and vapor recovery systems (VRS) at gasoline dispensing facilities
(GDF). In addition, the project was intended to determine whether ORVR-equipped
vehicles increase or decrease GDF emissions as a function of VRS design.
Specifically, there were two objectives for this project:

1. Develop, validate and demonstrate methods for simulating the refueling of ORVR-
equipped vehicles at GDFs equipped with vacuum assist VRS.

2. Determine what impact the refueling of ORVR-equipped vehicles has on existing
vent line and fugitive emission profiles for vacuum assist VRS.

1.2 BACKGROUND

Emissions from gasoline service stations represent a significant inventory component.
As automobile emission standards result in lower hydrocarbon exhaust emissions per
mile, the relative importance of fueling station emissions increases. Gasoline
dispensing facilities (GDF) have been subject to pollution control since the 1970s.
These stationary sources are a potentially important source of hydrocarbon compounds
(VOC) that interact with nitrogen oxides to form ambient oxidants. In nonattainment
areas, initial control efforts addressed VOC releases through the installation of vapor
recovery systems (VRS) for product delivery processes (Phase ) and product
dispensing activities (Phase 1l). In 1985, emissions from GDFs were regulated
statewide by mandating the installation of Phase il VRS on GDFs with annual
throughput of at least 480,000 gallons. The purpose of this program is to reduce
benzene exposure from fuel dispensing activities. More recently, season-specific
formulations of gasoline have been rolled-out to fulfill the need for low volatility
gasoline in the summer.

1.2.1 Gasoline Dispensing Facilities Vapor Recovery Systems

At GDFs, vapor recovery is a general term describing methods for preventing the
release of VOC emissions into the atmosphere during product unlcading or customer
refueling events. Figure 1-1 illustrates the general layout of a GDF vapor recovery
system. Phase | vapor recovery controls emissions (i.e., transfer emissions) during
product deliveries by capturing the vapors in the delivery truck and returning them to
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Figure 1-1 Typical Layout of Gasoline Dispensing Facility
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the terminal for processing. Phase Il vapor recovery, which controls emissions (i.e.,
transfer emissions) from vehicle fueling operations, captures vapors at the vehicle fill
pipe and returns them to the facility underground storage tanks (UST). Two types of
Phase Il systems have been developed: (1) balance systems and (2) vacuum assist
systems. Balance systems operate on the principle of positive displacement during
refueling. Vacuum in the storage tank is created when fuel is removed, while at the
same time, positive pressure is created in the vehicle fuel tank by incoming liquid
gasoline. Saturated vapor is therefore forced out and puiled through the nozzle, vapor
passage, and into the UST. The specific process under which balance systems
function is a vapor path is established between the dispensing nozzle and the
underground vapor return line connected to the dispenser via a coaxial hose. Fuel
passes through the inner hose, while vapor is shunted through the outer hose. A
bellows surrounding the nozzle spout completes the vapor return path from the vehicle
fill pipe opening to the UST. During fueling, the bellows faceplate is pressed tight
against the fill pipe opening so that vapors displaced from the fuel tank by the
dispensed gasoline are forced back through the vapor return path and into the UST.

In a vacuum assist vapor recovery system, as soon as gasoline is dispensed a vacuum
generating device (i.e., an in-line turbine or a vacuum pump) is used to create a suction
which pulls vapors from the vehicle tank into the UST via a coaxial hose. In theory, a
tight seal at the nozzleffillpipe interface is not necessary for effective recovery. Vacuum
assist systems vary in their design, their choice of vacuum creating devices, and
collected vapor to air ratios, a fundamental metric measuring the vapor recovery
efficiency of a vacuum assist system.

Some vacuum assist systems are equipped with a vacuum pump that is designed to
collect a vapor volume larger than the space available for vapor storage above the
liquid in the UST. Excess air along with the saturated vapor is drawn in due to loose
fitting nozzles or the varying volumes of fuel dispensed while the vacuum remains
constant. To offset this phenomena, an on-line processor, such as a high efficiency
incinerator, is used to convert excess vapor into mainly carbon dioxide and water and
possibly uncombusted gasoline vapors. The processor may be activated when the
internal pressure of the storage tank reaches atmospheric or, in other processor
systems, the processor is ignited when the vapor pressure in the return lines exceeds
a designated amount (e.g., one inch water column).

Other vacuum assist system designs do not rely on processors. These systems use
fluid driven pump units or rely exclusively on an electronically driven vacuum pump unit
to generate (1) the prerequisite vacuum and (2) the control of air/liquid {A/L) ratio
specifications based on the dispensing rate. In these systems, since the flow of fuel to
the UST, directly or indirectly, regulates the vacuum produced at the vehicle fillpipe, the
A/ ratio should be approximately one to one, eliminating the need for system
pProcessors.
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As previously described, balance and vacuum assist systems are further differentiated
by nozzle type. Balance nozzles integrate bellows or boots which surround the nozzle
to form a seal at the nozzle/car interface. In contrast, assist nozzles may be bootless
or may contain a bell or minibellows surrounding the nozzle design. While balance and
vacuum assist systems attempt to control all VOC releases, spillage and fugitive
emissions may occur at GDFs as part of both product delivery and dispensing
activities.

Since 1990, pressure/vacuum valves have been added to the top of the UST vent line

_to reduce UST fugitive emissions. For example, since balance systems operate near
atmospheric pressure, a P/V valve installed at the vent line riser can provide effective
control of system emissions. Recent research activities suggest these devices are very
effective in controlling vent line fugitive emissions (Shearer et. al., 1994).

1.2.2 On-Board Vapor Recovery

An alternative approach for controlling GDF transfer emissions is on-board refueling
vapor recovery (ORVR). In contrast to Phase Il VRS, ORVR systems route vapors
displaced from the vehicle tank during refueling into an enlarged charcoal canister
installed on the vehicle. The adsorbed vapors are subsequently drawn into the engine
and burned. The specific process that ORVR systems operate on is during fueling, a
seal created in the vehicle fillpipe prevents vapors from escaping the filineck opening.
One of two seal types is employed for this purpose: mechanical or dynamic. - The
mechanical seal consists of a viton (or similar material) o-ring which fits snugly around
the nozzle spout when inserted into the filipipe. The dynamic, or liquid, seal is created
by reducing the cross sectional area of the fill pipe so that the dispensed gasoline
forms a hydraulic pump creating positive pressure in the fuel tank headspace. At this
stage, the gasoline vapors are routed to an onboard activated charcoal canister. The
activated charcoal canister adsorbs the vapors which are desorbed during normal
driving and mixed via a metering process with the engine intake air. Onboard
diagnostics (OBD) monitor ORVR system integrity and alert the operator if any
irregularities are detected.

ORVR has been debated since the 1970s as a potentially viable strategy for controlling
refueling emissions. California environmental officials discussed the implementation of
ORVR in the 1970s but opted in favor of Phase Il VRS. In 1990, the Clean Air Act
Amendments (CAAA) institutionalized ORVR by requiring the use of ORVR systems on
new 1998 and later passenger cars. This provides the mechanism for the phasing out
of Phase Il VRS. The CAAA specifically states that manufacturers were to be given four
years lead time following the adoption of ORVR regulations by EPA. ORVR
requirements would be phased-in, with 40%, 80% and 100% compliance required four,
five and six years, respectively, after ORVR rule adoption.

In April 1992, interpreting ORVR implementation as “infeasible or undesirable®, EPA
issued a Federal Register notice indicating that it would not promulgate ORVR systems
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of any type. In May 1993, the National Resources Defense Council successfully sued
EPA contending the agency had a mandatory duty to promulgate ORVR regulations. In
response to the court ruling, EPA promulgated ORVR regulations in 1994 which call for
the phase in of ORVR systems according to the timetable specified in the CAAA.

Notwithstanding the political controversies surrounding ORVR systems, several
fundamental questions remain relative to the value of ORVR. One issue targets the
determination of which strategy, Phase Il or ORVR, is the best poliution control design
for controlling refueling emissions. A second concern addresses the question of
whether incremental air quality benefits will result from the combination of Phase It or
ORVR systems. Fundamental to these concerns is the assumption that the ORVR
fillpipeftank assembly does not allow vapors from the refueling event to be returned to
the UST.

In May 1994, the California Air Resource Board (ARB) released a report investigating
the interaction of Phase 1l and ORVR VRS (ARB, 1994). Addressing the compatibility
of ORVR with Phase Il systems, ARB evaluated eight different Phase Ii configurations
to estimate the magnitude of hydrocarbon emissions using an array of empirical data,
assumptions and calculations based on model cases. The results of this study suggest
Phase Il vacuum assist VRS synergistically interact with ORVR thereby increasing
fugitive vent line emissions relative to GDFs configured with balance Phase Il VRS.
This phenomena is driven by air ingestion into the UST. Positive static gauge
pressure is created and fugitive outbreathing of UST vapors subsequently occurs. ARB
concludes that the demonstrated incompatibility between ORVR and some types of
vacuum assist systems should be further studied to determine if smart interfaces or
other strategies can be developed to overcome the problem.

Further investigating this phenomena, ARB executed an ORVR simulation project
entitled “Interaction of Simulated Vehicular On-Board Vapor Recovery (ORVR) With
Balance and Assist Phase Il Vapor Recovery Systems” (ARB, 1896). The results of
these tests echo the conclusions of the 1994 study. At an ORVR simulation rate of
32%, based on gasoline throughput, the balance system did not experience a
significant pressure increase suggesting fugitive and vent emissions would not be
adversely impacted by the introduction of ORVR cars. In contrast, with an ORVR
penetration of 20%, vacuum assist systems may result in significant increase in vapor
recovery operating pressure. This, in turn, triggers the probability of subsequent
fugitive outbreathing of UST vapors.

1.3 STUDY ASSUMPTIONS AND HYPOTHESES

The primary assumption that this research project is dependent on is that the ORVR
system seal at the fillneck-dispensing nozzle interface allows no leakage of
hydrocarbon vapors. This assumption is based on two observations. The first is that
the ORVR carbon canister will effectively capture all of the vehicle tank vapors during
the refueling event. The second assumption is that the ORVR system seals will
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prohibit the escape of vehicle fuel tank vapors even if the on-board carbon canister
does not capture 100% of the escaping vehicle fuel tank vapors during the refueling
event. Both assumptions are dependent on the validity of the automobile industry
engineering and its ability to generated effective pollution mitigation devices.

The net result of these assumptions is that this project did not validate the assumption
that ORVR equipped vehicles do not aillow vapors to be returned into the vapor return
lines of vapor recovery system. As such, this research project evaluated the impact of
ORVR equipped cars and their effects on UST pressure by measuring UST originating
hydrocarbons at the vent line riser rather than the dispenser return line or at the nozzle
vehicle interface. This decision was based on guidance from the project's Technical
Advisory Panel. The membership of the panel included representatives from the United
States Environmental Protection Agency’s Office of Mobile Sources, the Bay Area Air
Quality Management District, the Air Resources Board’s Research Division, Monitoring
and Laboratory Division, and Compliance Division, and the Western States Petroleum

Assocation.

The hypothesis that this research project is intended to evaluate is that ORVR
equipped vehicles increase the pressure in USTs due to an interaction with vacuum
assist vapor recovery systems. The specific thesis that this project will validate or
invalidate is that the interaction of vacuum assist systems with ORVR equipped
vehicles may result in significant increases in UST pressure which in turn leads to
increased vent line and/or fugitive emissions at the vent line riser and other fugitive
sources. '

1.4 STUDY REPORT CONTENT

The content of this report includes only field data collected at the Gilbarco vacuum
assist site. However, the ORVR simulation methodologies for the Gilbarco, Wayne
Dresser, Hasstech, Hirt and Healy vapor recovery systems are included in this report.
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Section 2

MATERIALS AND METHODS

21 STUDY DESIGN
The study design of a research project specifies the test conditions that allow the

specific objectives of the research project to be realized. For this project, the specifics
of the test conditions articulate how the research project was executed.

2.1.1 Test Conditions

There were two basic test conditions for this project called test series: the ORVR
simulation model test series and the ORVR impact test series. Each test series had
unique study designs. However, the ORVR models (i.e., physical device) developed in
the ORVR simulation test series was used to simulate ORVR equipped cars in the
ORVR impact test series.

2.1.1.1 ORVR Simulation Model Test Series

The ORVR simulation model test series was designed to develop ORVR simulation
models that could be used to mode! the impact of ORVR-equipped vehicles at GDFs
without the actual presence of ORVR equipped vehicles during the test period. The
specific objective of the ORVR simulation mode! test series was:

1. Develop physical models (i.e., devices) that will allow simulation of refueling events
for ORVR-equipped cars at GDFs equipped with balance and vacuum assist VRS.

Based on this objective, there was a single phase for ORVR simulation test series:

1. Development of a device to simulate the refueling of ORVR equipped vehicles at
balance and vacuum assist VRS-equipped GDFs.

Device Development to Simulate ORVR Equipped Vehicle Refueling at Balance
and Vacuum Assist Vapor Recovery Systems

Physical models or “methods” were designed that allowed the simulation of refueling
ORVR-equipped cars at GDFs equipped with balance and vacuum assist VRS. Section
2 3 1 describes in detail the nature of the balance, Gilbarco, Dresser Wayne, Hasstech,
Hirt and Healy vacuum assist system ORVR model methodology.
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2.1.1.2 ORVR Impacts Test Series

The primary goal of the ORVR impact test series was to directly quantify the effecis
ORVR-equipped cars have, in combination with vacuum assist VRS, on GDF vent and
fugitive emissions. A single vacuum assist type of VRS was evaluated. Tables 2-1 and
2-2 tabulate the GDF and Gilbarco system characteristics used in this test series. The
tested VRS system was equipped with an OPW P/V valve in conformity with GDF
system requirements in select nonattainment areas in California. This is contrasted to
the follow-up ARB ORVR/vacuum assist filed evaluation that used a Husky P/V valve.
The implicit effect of having a P/V valve on the vent line was to limit emission releases
on the ambient side of the P/V valve and to place an upper boundary on the pressure
buildup in the vent line system plumbing. OPW P/V valves are designed to release at a
pressure of 3 inches W.C. £ 0.5 inches. Conversely, the presence of a P/V valve
allows pressure buildup compared to the lack of a P/V valve that would not allow the
relative buildup of pressure in vent line plumbing. This could impact system fugitive
emissions. VRS system type was the primary independent variable for this test series
and vent and fugitive emissions were the dependent variables. The location of the test
site was in the east San Francisco Bay area. The specifics of this site are discussed in
Section 2.2.

Table 2-1
Vapor Recovery System Test Conditions

“Vacuum Dispenser
Assist

1. A bell is a circular rubber or PVC fitting on the nozzle that fits against the car body during
the refueling event.

Table 2-2
Criteria for ORVR Simulation Test Cases

0

10
50

WIN -

Vent and Fugitive Emissions at Vacuum Assist VRS Equipped GDFs

Vent emissions and select parameters for the calculation of fugitive emissions were
measured at the vacuum assist VRS equipped GDF identified as test mode 1 in Table
2-1. For each test case, the ORVR simulation methodologies were executed on the
number of dispensers (see Section 2.3) required to meet the percent of gasoline
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dispensed for each of the two test cases (10% and 50%) as defined in Table 2-3. Vent
and fugitive emission parameters were measured continuously for 36-48 hours for each
test case and for 24 hours without the ORVR simulation devices for the purposes of
comparing the ORVR emission profiles. Vent emissions were measured pursuant to
the specifications of CARB TP-201.2. Select fugitive emission variables were
quantified using a derivation of the draft CARB TP-201.2B. Hydrocarbons emissions
upstream from the P/V valve were not assayed. Prior to, and immediately after the
emissions testing, the BAAQMD assayed GDF static pressure, dynamic back pressure,
air:liquid ratio and liquid removal performance using the methodology specified in
CARB TP-201.3, TP-201.4, TP-201.5 and TP-201.6, respectively.

Development of Emission Factors for GDFs

Vent line emissions data and system leak rate data collected in the ORVR impact test
series were used to derive vent line and fugitive emission factors for the Gilbarco
vacuum assist VRS evaluated relative to ORVR/VRS interaction. The emission factors
are reported in Section 3 of this report.

22 STUDY SITES

The criteria for selecting the GDF measurement sites included the following
characteristics:

¢ Proximity to both Sacramento and the San Francisco Bay area.
¢ A product throughput of at least 100,000 gallons per month (> 16 nozzles).
The presence of tank level monitors on the GDF underground storage tank or a
~ computerized tracking system for product volume.
+ The site contained the Gilbarco vacuum assist VRS required for the study.

Based on these criteria, Table 2-4 lists the site location used for the field study.

Table 2-3
Field Test Locations

3621 San Pablo Dam Road 2/4/98-
El Sobrante, CA 2/17/98

Glibarco- ]
Vacuum Assist

Table 2-4 describes the vapor recovery equipment at the test site. The test location is
configured with four two-sided dispensers with three nozzles per side (one for each grade of
gasoline). During the ORVR simulation tests, one side of Dispenser Four was modified for the
10% ORVR simulation condition. For the 50% ORVR simulation condition, Dispenser Four, Six
and Eight were modified.
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Table 2-4
Vapor Recovery Specifications

Gilbarco Gilbarco VaporvVac AL1210C OPW 11VA 27
Vacuum Assist {Executive Order G-70-150) 19 Nozzles
OPW P/ Valve 523LPS-2250 Emco Wheaton 4505
5 Nozzles

23 ORVR SIMULATION DEVICES

ORVR simulation devices and/or modification to existing vapor recovery systems were
crafted for vacuum assist and balance vapor recovery systems. The following
discussion provides specific descriptions of the methodology used to simulate ORVR
simulation events at vacuum assist and balance vapor recovery systems.

2.3.1 Vacuum Assist System ORVR Model Devices

The ORVR simulation devices and/or methodologies for the tested vacuum assist VRS
were designed so only air was returned to the UST during the refueling event. In
addition, the ORVR simulation devices were required to adhere to the following
requirements:

Allow fuel to enter the fillpipe during refueling.

Prevent the flow of vapor to the UST.

Control the flow of air into the vapor return line of the VRS.

Provide the same back-pressure:flow ratio as is found in an unmodified vacuum
assist VRS.

Provide the same air:liquid ratio as is found in an unmodified vacuum assist VRS.
Provide the same liquid blockage removal performance as is found in an unmodified
balance VRS.

PWN =

@ o

In lieu of developing a universal device for each the five vacuum assist systems to be
evaluated, an engineering solution was developed that was unique to each of the five
vacuum assist vapor recovery systems based on their design and functional attributes.
This was done in consultation with the chief engineer for each vapor recovery system
manufacturers: Gilbarco, Dresser/Wayne, Hasstech, Hirt and Healy. Functions 1-3
were taken into account by optimizing the system engineering to realize these
functions. Functions 4-6 were confirmed using CARB test procedures TP-201.4, TP-
201.5 and TP-201.6.

2.3.1.1 Gilbarco Vacuum Assist Systems

One side of the Gilbarco Vapor Vac equipped dispenser was modified to allow the
selected hose to flow fuel while an adjunct, inoperative nozzle vapor path was opened
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to allow the idle nozzle to ingest ambient air. This was executed by purposely
misconnecting the electrical wires leading to the solencid operated vapor valves (which
are normally in the normally closed position) found in the upper housing of Gilbarco
dispensers. When properly connected under normal operating conditions, the selected
hose will flow fuel and the matching vapor valve is opened to provide a path for the
returning fuel vapors in the coaxial hose delivering fuel. For the ORVR simulations, by
misconnecting the vapor valves, fue! flowed in the selected nozzle but vapors were not
ingested during the refueling event. This process allowed refueling of only the selected
product grade (i.e., regular). Pumping of the other two products (88 and 92 octane)
was not possible given the misconnection in the electronic vapor valve assembly.

2.3.1.2 Dresser Wayne Vacuum Assist Systems

For the purposes of modeling ORVR equipped cars, a solenoid valve open to
atmosphere was attached to the return vapor in the base of the dispenser. The return
vapor line, as normally configured, was disabled by the installation of the solenoid
valve. This disallowed any refueling car vapors from being shunted into the UST
during the refueling event. The solenoid valve was activated into an open position
when the selected product lever was placed into the refueling position by the refueling
customer. In the open position, the solenoid valve allowed fresh air to be fed into the
UST during the refueling event. As a result of the ORVR simulation, only the desired
product (i.e., regular grade) was operational for the modified dispenser. The other two
products (89 and 92 octane} could not be pumped by the refueling customer.

2.3.1.3 Hasstech Vacuum Assist Systems

The ORVR simulation devices were constructed of liquid/vapor splitters. The ORVR
simulator were made of two adapters/splitters which convert inverted coaxial flows in
%’ NPT for the liquid path, and %’ NPT for the vapor path. A pair of adapters were
attached back to back and installed in the place of the breakway. A restricter
element/orifice was installed in ¥’ NPT vapor fitting on the upper adapter. This orifice
was sized to achieve the desired A/L ratio. CFC-1 liquid driven vapor valves were
installed at the dispenser vapor manifold. This vapor valve allowed only air to be
ingested when liquid was being dispensed.

2.3.1.4 Hirt Vacuum Assist Systems

To perform as an ORVR simulation device, a liquid (i.e., gasoline product) operated
vapor valve was added between the “whip” hose and the dispenser. A rubber ring was
added between the vapor valve and the “whip” hose to prevent vapors from being
ingested by the bootless nozzle during the refueling event. A 1/8” NPT hole was added
to the vapor valve to provide a means of instailing a limiting orifice. The orifice allows
fresh air to enter the system as would be the case during a refueling event with ORVR
equipped cars. However, the vapor valve allows the ingestion of air only during the
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refueling event while shunting the refueling car gas tank vapors away from the retum
vapor line.

2.3.1.5 Healy Vacuum Assist Systems

The Healy Model 600 nozzle was adapted to serve as the ORVR simulation device.
The vapor passage in the spout assembly was biocked inside the nozzle to prevent the
recovery of vapors from the refueling vehicle’s fill pipe area. A 0.200" hole to
atmosphere was placed in the vapor passage on the lower part of the nozzle body.
This hole was on the underside of the nozzle body, near the bushing for the white
plunger. It is protected by the hand guard. This hole allows atmospheric air to be
ingested by the nozzle any time the refueling lever is engaged.

2.3.2 Balance System ORVR Model Devices

The ORVR simulation device for balance VRS was designed so only air is retumed to
the UST during the refueling event. In addition, the ORVR simulation device had to
adhere to the following requirements:

Allow fuel to enter the fillpipe.

Allow vapors to leave the fillpipe.

Allow air to enter the balance nozzle.

Seal the fillpipe-nozzle interface except for 1 and 3.

Provide the same back pressure:flow ratio found in an unmodified balance VRS
Provide the same liquid blockage removal performance found in an unmodified
balance VRS.

Ok N =

The balance ORVR simulation device consisted of a toroidal assembly that was
constructed of two 0.75” thickness layers of ECH 4310 gasket material with an outside
diameter of 3.625". The inside diameters of the upper and lower layers are 0.75” and
1.625", respectively. The torus has eight 0.25” openings along the perimeter in the
lower section of the torus, each opening being 45 degrees apart from the adjacent
opening. A 0.25" pathway in the upper section of the torus exposed the return line to
ambient air during vehicle refueling. A 0.020 inch diameter orifice placed in this
pathway allowed a flow rate of approximately 0.01 cfm at a gage pressure of 0.5 inches
water column. This flow rate was based upon average leak rates observed during
bench tests of an Emco Wheaton 4005 nozzle with three different fill pipe
configurations.

During the ORVR simulation, the toroidal assembly was piaced on one of the regular
nozzles for 48 hours and on three of the nozzles for an additional 48 hours. Once on
the nozzie, the upper layer, the toroidal upper layer was pressed against the bellows
faceplate. The purpose of the torus was to allow the fuel tank vapors to be diverted
into the atmosphere instead of being routed into the UST.
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Functions 1-4 were confirmed by executing a “sleeve” test defined in CARB TP-201.2
on 10 vehicles. The vehicles were randomly selected based on the criteria defined in
the “100 car matrix’ found in CARB TP-201.2A. The ORVR simulation device assumed
to meet functions 1-4 when the average performance values of the device agree with
the performance values generated for unmodified balance nozzles, accounting for the
experimental uncertainty and variation.

Function 5 was confirmed in a bench test using CARB back pressure specifications
(e.g., 0.45 inches water at 60 cfm). Function 6 was confirmed using CARB test
procedure TP-201.6. Three tests were performed on a balance nozzle with and without
the ORVR simulation device to confirm these performance requirements. The ORVR
simulation device was assumed to meet functions 5-6 when the average performance
values of the device agree with the performance values generated for unmodified
balance nozzles, accounting for the experimental uncertainty and variation.

24 FIELD PARAMETER MEASUREMENTS

The field measurement process targeted a suite of parameters including meteorological
metrics, hydrocarbon concentrations (measured as propane), VRS vent pressure, VRS
temperature, VRS vapor volume (measured as flow) and underground storage tank
pressure. Figure 2-1 illustrates the field measurement program and it's various
elements. The field measurement sample train consisted of a PVC manifold with
sample ports that was placed over vent line riser. Discrete sample ports existed for
temperature, pressure, and volume/hydrocarbon sampling functions. This method was
developed, validated, and field tested at previous field test sites by the project
researchers (AeroVironment, 1994).

The primary objective of the monitoring methodology was to develop a nonintrusive
measurement system that did not affect vapor or airflow in and out of the vent line.
Previous studies have been critiqued for using instrumentation, such as flowmeters,
attached to the vent line outlet that increase or decrease vent line VOC emissions
relative to baseline conditions. The range of parameters necessary to describe GDF
system characteristics imposes demanding requirements for an ideal monitoring
system. The monitoring system must be able to measure a wide range of flow rates
(e.g., -50 to +50 liters per minute), vent line pressure values (e.g., -1 to +1 inch of water
column [w.c]) and VOC vent line concentrations (1-40,000 ppm). These
measurements must not skew the calculated vent line VOC emission factors.

In order to measure VOC emissions from the vent line without affecting vent line flow, a
nonperturbing and nonintrusive monitoring system was used for this study. Instead of
putting a flowmeter on the vent line that could impose a restriction on flow, an open
sampling manifold attached to an air pump was installed on the vent line. Air was
drawn at 100 liters per minute (lpm) through a sample port in the manifold such that any
air or vapors expelled from the vent would be captured in the manifold and drawn into
the sampling system. The VOC concentration and flow rate in the sample line were
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continuously monitored using a flame ionization detector hydrocarbon analyzer and a
turbine flow sensor respectively. A data logger scanned the instantaneous VOC
analyzer output and flowmeter sample rate data every second to calculate one-minute
averages for flow rate, and VOC concentration calibrated to propane. These one-
minute VOC and flow rate averages were used to calculate one-minute average VOC
emission rates using the following expression:

VOC concentration (mglm3) x flow rate (m3/min) = VOC emission rate (mg/min) (2-1)

For the monitoring system to generate valid data, the following critical system
performance requirements were established:

1. The sample train must not perturb normal UST in-breathing and out-
breathing. The sample manifold was designed to minimize positive and
negative pressures that could potentially impact VOC emissions from the
vent line. Too high a sample rate could potentially influence UST emissions.

2. The sample line flow rate (100 Ipm) must be higher than the greatest
anticipated flow rate from the UST vent line. If the UST emission flow rate
exceeded the sample line flow rate, the sampling system would not capture
100 percent of the vent line VOC emissions and underestimate vent line VOC
emissions using Equation (2-1).

2.4.1 Meteorological Measurements

At each site, ambient meteorological measurements were data logged continuously
during the C & TP measurement program. The location of the meteorological
instrumentation was directly adjacent to the field test van to facilitate data logging ease.
However, recognizing potential interference from the field test van, the meteorological
tower was be far enough away (i.e., six feet above the top of the van) to minimize
external interferences.

Ambient temperature values were assessed using an Omega K-type thermocouple
probe assembly with a transjoint (TJ48-CASS-14G-12—BX-0ST-M) integrated with an
Action Instruments TC temperature signal conditioner (Model 4351-2000). A K-type
thermocouple is a temperature measurement sensor that consists of two dissimilar
metals joined together at one end (a junction) that produces a small thermoelectric
voltage when the junction is heated. The voltage output is proportional to the difference
in temperature between the hot junction and the lead wires. The change in
thermoelectric voltage is interpreted by the TC temperature signal conditioner, a pulse
accumulator device which conditions the temperature resistance signal. The
conditioned signal.is a voltage output with a 0-5 volt scale. . The signal conditioner
output was calibrated to degrees Rankine prior to field deployment. The TC
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temperature signal conditioner output served as input into the field data acquisition
system, with a temperature value recorded every second.

Ambient pressure was recorded using an Omega Model PX02 absolute pressure
barometer. As with temperature, a pressure value was determined every second and
subsequently data logged.

2.4.2 Hydrocarbon Measurements

The hydrocarbon measurements were performed according to modifications of
procedures specified in ARB C & TPs. The modification consisted of sampling only at
one sample point on the ambient side of the P/V valve on the vent line riser, instead of
also sampling at the nozzle/vehicle interface and the dispenser retumn line. For this
project, there are two relevant ARB certification and test procedures:

TP-201.2 - Determination of Efficiency of Phase li Vapor Recovery Systems of
Dispensing Facilities: The purpose of this test procedure is to determine the percent
vapor recovery efficiency for a vapor recovery system at a GDF. The percent vapor
recovery efficiency is the percent of vapors displaced by dispensing which are
recovered by a vapor recovery system rather that emitted to the atmosphere.

Proposed TP-201.2B - Determination of Flow Versus Pressure for Equipment in Phase
Il Vapor Recovery Systems of Dispensing Facilities: The TP-201.2B test procedure
used for this project is a proposed procedure (Proposed Draft Date: 1/95) that has not
been formally integrated into the ARB vapor recovery test procedures. The purpose of
this proposed test procedure is to determine fugitive emission profiles for dominant
fugitive emission sources (i.e., idle nozzles, UST overfill drains, P/V valves) and the
vapor recovery efficiency at GDFs. This is in contrast to the current adopted TP-
201.2B procedure that develops flow vs. pressure profiles for the entire GDF as
opposed to specific GDF fugitive emission sources.

The mass flux of fugitive emissions from a dispensing facility is the product of the
volumetric flow rate and the flow-weighted mass per volume concentrations. The
volumetric flow rate is based on data for pressure vs. time from the facility and data for
flow vs. pressure from a model of the facility. The model flow vs. pressure data provide
a conversion for the facility pressure vs. time data to flow vs. time data. In contrast to
the field based hydrocarbon test procedures, the flow/pressure simulation model for
TP-201.2B was executed in the Acurex laboratory as a bench top experiment with site-
specific pressure signatures provided by the BAAQMD performance tests. For the
purposes of this project and as specified in TP-201.2, there was one test location at
each of the field test sites where hydrocarbons, volume, temperature, and pressure
were quantitatively measured (Figure 1, TP-201.2} at the UST vent line riser.
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2.4.2.1 Analytical Procedures for TP-201.2

As specified in the C & TPs, the hydrocarbon measurements were performed according
to EPA reference method 25A. EPA Method 25A describes the determination of total
gaseous organic compound emissions using a flame ionization detector. The principle
of operation for the flame ionization detector method (EPA 25A) is that a hydrocarbon
gas sample is extracted from the source through a sample line and a glass fiber filter
and subsequently fed to the flame ionization analyzer. Results are reported as volume
concentration equivalents of the calibration gas or as carbon equivalents.

The specifications of the hydrocarbon analyzer used for this project are tabulated in
Table 2-5. The hydrocarbon sample train for the sole sample point is described in TP-
201.2.
Table 2-5
Hydrocarbon Analyzer Specifications

Beckman 1,000 Concentrations at vent
Model 400A line outlet

The duration of the hydrocarbon assessment procedures for each ORVR penetration
level was at least 36-48 hours for the ORVR impact test series. The hydrocarbon data
was data logged into the data acquisition system with a data point collected every
second.

2.4.2.2 Analytical Procedures for Proposed TP-201.2B

The objective of this TP-201.2B is to estimate site-specific fugitive emissions by
determining the flow leaving the facility as a function of VRS pressure signatures.
Fugitive emission sources inciude UST vent lines equipped with P/V valves, “closed”
idle nozzle check valves and “closed” overfill drain valves.

Several parameters need to be quantitatively measured to produce a value for fugitive
mass flux including:

Facility VRS volumetric leak flow rate

Facility VRS pressure profiles

Hydrocarbon concentrations (hydrocarbon mass/volume of hydrocarbon emitted
Facility VRS temperate profiles

To generate the pressure and flow values, the BAAQMD executed pre- and post-
experiment two inch static pressure performance tests (C & TP TP-201.3) at each field
test site. This procedure pressurizes the entire vapor recovery system to two inches
water column. After five minutes, the VRS pressure is noted and compared to
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allowable levels. Using standard engineering principles, the volumetric leak flow rate
can be calculated. For this project, the pre-test ieak rate values were used to calculate
flow values (Q). This value, coupled with the flow-weighted hydrocarbon mass per
volume concentration, yields the mass flux of fugitive emissions leaving the GDF for the
" TP-201.3 pressure conditions.

Hydrocarbon concentrations (mass/volume) were assayed at the vent line on the
ambient side of the P/V valves rather on the VRS side. The lack of hydrocarbon data
for vapors on the inside of the VRS has prompted an estimation of fugitive emissions
based on anticipated ranges of system hydrocarbon concentration. Facility pressure
and temperature profiles were collected during the execution of TP-201.2. These
include maximum and minimum facility throughputs and product bulk drops.

To model the facility, a PVC pipe was pressurized to 2° WC and a hole was
subsequently drilled in it of a size yielding the same average leak flow that occurred
during a five minute pressure decay test on the VRS in which the pressure dropped
from 2 “WC to 1.96 “WC. (as determined by TP-201.3). Having simulated the field leak
rate, the PVC pipe was pressurized for a range of values to yield sufficient
pressure/flow data points to estimate a pressure/flowrate function for the test site. With
the facility model, volumetric leak flow rates were determined for the empirical time
dependent pressure profile conditions found at the field test site. These data were then
coupled with the measured ARB retest (ARB, 1999) hydrocarbon concentration data on
the system side of the P/V valve to produce an estimate of field test site-specific
hydrocarbon fugitive emissions. A discussion of the PVC testing apparatus is
contained in Appendix G.

2.4.3 Pressure Measurements

Based the specifications of TP-201.2, pressure readings were taken at the vent line
outlet concurrent with the hydrocarbon measurements. The specific locations for the
pressure transducers on the sample manifold are upstream from the hydrocarbon vapor
sampling line yet ambient from the P/V valve. The pressure transducers that were used
are tabulated in Table 2-6. Concurrent with the vent line pressure values, underground
storage tank (UST) gauge pressure conditions were assessed by suspending a
pressure transducer down the vent line riser to a location approximately 2 feet below
grade. This location served as a surrogate for measuring in situ UST pressure
because of a lack of access to the actual UST.
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Table 2-6
Pressure Transducers

L Omega PX654-01BD5V +1.0in. WC
Omega PX240 30 2.5in. WC
Omega PX654-50BD5V +0 5.0 in. WC
Omega PX654-10BD5V +0 10.0 in. WC

2.4.3.1 Analytical Procedures for TP-201.2

As is apparent from Table 2-8, ranges of differential Omega pressure transducers were
available for the field technicians. The specific transducer used depended on the
vapor recovery system pressure profile at the time of the test. Initial pressure values
were observed prior to initiation of actual field data acquisition for the ORVR control or
simulation conditions. In addition, archival VRS pressure data were available from
Gilbarco to aid in the selecting the appropriate pressure sensor. Vent pressure was
measured using an Omega PX654-50BD5V (0 5.0 in. WC) and UST pressure was
quantified using an Omega PX240 (£0 2.5 in. WC). The pressure values were
recorded every second and data logged using the test van data acquisition system.

2.4.4 Temperature Measurements

Based on the specifications of the study design document and the relevant C & TPs,
temperature was continuously recorded at the vent line outlet.

2.4.4.1 Analytical Procedures for TP-201.2

Temperature was measured using an Omega K-type thermocouple probe assembly
with a transjoint (TJ48-CASS-14G-12—BX-OST-M) integrated with an Action
Instruments TC temperature signal conditioner (Model 4351-2000). The temperature
signal conditioner was used to convert the thermocouple probe output into a voitage
signal that can be input into the field test van data acquisition system. The range of the
K-type thermocouple probe is 0-200 °F. The specific location of the thermocouple
probe was upstream from the hydrocarbon measurement sample port. A temperature
value was recorded every second and fed into the data acquisition system.

2.4.5 VOLUME MEASUREMENT

Pursuant to the C & TPs specifications, the volume of hydrocarbon vapor in the air
sweep on the ambient side of the P/V valve was measured at the vent riser. As
previously described, the primary objective of the monitoring methodology was to
develop a nonintrusive measurement system that did not affect vapor or airflow in and
out of the vent line. While TP-201.2 specifies the use of rotary positive displacement
gas volume meters (e.g., ROOTS® meters), previous research has demonstrated that
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these devices may impede the flow of hydrocarbon vapors thus underreporting
hydrocarbon vapor volume after correcting for temperature and pressure. An
alternative method to quantify hydrocarbon vapor volume was developed and validated
by AeroVironment Inc. (1994) using turbine flow sensors. This method was used to
assay hydrocarbon vapor volume.

2.4.5.1 Analytical Procedures for TP-201.2

A MacMillian 100 Flo-Sen turbine flow sensor was used to measure hydrocarbon vapor
volume at the outlet of the UST vent line on the ambient side of the P/V valve. The
range of the flow sensor is 0-100 liters per minute. The principle of operation for the
flow sensors is that a Pelton type turbine wheel is used to determine the flow rate of the
hydrocarbon vapor. As the turbine wheel rotes in response to gas flow rate, electric
pulses are generated. Processing circuitry provides a D.C. voltage output (0-5 V) that
is proportional to flow rate. This voltage output signal was data logged each second
and stored in the field test van data acquisition system. Vapor recovery system
pressure and temperature was measured at the inlet of the flow sensor.

2.4.6 Data Acquisition System

All of the collected independent and dependent measure parameters were datalogged
at one second intervals using a personal computer (PC) based data acquisition system.
The PC is equipped with a 75 megahertz Pentium CPU processor and a standard /O
board (Model C10-DAS1-602/16 made by Computer Board) with 16 single ended
channels. The data logging computer software is Laboratory Notebook. In addition to
PC based data acquisition, strip chart records were also used to record the continuous
independent and dependent variables.

2.5 PRE-TEST AND POST-TEST MEASUREMENTS FOR STATIC PRESSURE,
DYNAMIC PRESSURE AND A/L TESTS

As specified in the ORVR impact series study design, prior to and following the
execution of C &TPs, the Gilbarco vacuum assist vapor recovery system was evaluated
for ARB specified performance. These tests determine if the VRS is functioning
according to manufacturers design and ARB mandated performance specifications.
The sequence of the pre-test events (Table 3-1) included an initial performance screen
(and maintenance if necessary) by Service Station Maintenance Inc. to verify the VRS
was operating properly. Second, three performance tests were executed by BAAQMD
staff who are specially trained {o execute these tests. The specific performance tests
executed by the BAAQMD staff are tabulated in Table 2-7.
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Table 2-7
ARB Performance Tests

Static Pressure ARB TP-201.3 All types
Dynamic Back Pressure ARB TP-201.4 Balance
Air/Liquid Ratio ARB TP-201.5 Vacuum Assist

If the particular VRS that was tested did not pass the performance tests before the
hydrocarbon emission testing was initiated, the VRS was immediately serviced by
Service Station Maintenance to bring the system back into compliance. Specifically,
nozzles 3, 6 and 7 were serviced to bring into adequate A/L tolerances. Given that the
BAAQMD staff were not mandated to return for pre-test follow-up performance testing
after the system had been serviced, the post-test performance testing was used to
validate that the vapor recovery service call successfully brought the system into
compliance prior to beginning the ORVR test series. This was not the ideal method to
validate system performance. However, it was the sole path available to the principal
investigator to validate system performance criteria given that the BAAQMD was only
contracted to execute a single pre- and post-test performance test at each field

location.

The performance data for each of the performance tests were logged onto ARB
sanctioned data sheets and is included in Appendix B. These data confirm that (as
tabulated in the post-test BAAQMD data forms) the pre-test maintenance and
procedures successfully brought all VRS elements into acceptable working order prior
to executing the field testing.

2.6 QUALITY ASSURANCE/QUALITY CONTROL

Quality assurance was executed prior to the initiation of field activities and during the
field data acquisition process (Appendix H). Before the deployment of the field
measurement van, each pressure sensor, temperature thermocouple, turbine flow
sensor, and hydrocarbon analyzer was evaluated for accuracy and precision based on
manufacturer specifications. In addition, the test site P/V valve was evaluated for leak
rate and cracking pressure. Pressure transducers were checked at 0, +50% and
+100% of scale using known pressure conditions and subsequently calibrated to
voltage output values (1-5 V) using a linear regression model. Thermocouples were
calibrated using ice bath, mouth, and hot water conditions and a reference temperature
value. The thermocouple output in degrees Fahrenheit was calibrated to voltage
output (0-5 V) using a linear regression model. The turbine flow sensor was calibrated
against a primary flow gas meter (Rodwell 445603) and subsequently used to establish
a flow/voltage relationship using a linear regression model. The Beckman Model 400A
Hydrocarbon FID analyzer was calibrated using reference gases (Praxair Distribution)
at 0%, 50% and 90% of span range. The test site P/V valve was evaluated by exerting
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a known pressure onto the valve and recording flow rate in liters per minute. The
cracking pressure was notated and compared to manufacturer specifications.

During the field measurement period which transpired over five days, the pressure,
temperature and volume meters were not recalibrated. However, the Beckman Model
400 Hydrocarbon FID analyzer was calibrated as specified in Part 60, Appendix A,
Method 25A. Immediately prior to the initiation of testing, a zero gas (less than 0.1
ppmv), mid-range span gas (45-55 percent of the applicable span value) and a high-
level calibration gas (80-90 percent of the applicable span value) was used to evaluate
the accuracy the hydrocarbon analyzer. This QA/QC check was also executed at the
end of each testing day and during the actual testing approximately once every three
hours.

2.7 EXISTING ORVR VEHICLES

In calendar year 1998, 40% of the new vehicles introduced into the United States
passenger car fleet are required to be outfitted with ORVR systems. These vehicles
were potentially part of the vehicle inventory that patronized the field test sites during
the duration of the field test program. As such, they may have potentially interacted
with the dynamics of the test site vapor recovery systems, thus impacting the research
project dataset. To control for this possibility, the project research team was provided
with a list of ORVR-equipped cars that are currently part of the US passenger car fleet
by the US EPA Office of Mobile Sources. Appendix C includes these listing. An
organized effort was made to catalog these vehicles if they patronized the field test
sites during the actual field test period. This consisted of tracking which vehicle types
were refueled during the ORVR simulation test periods. If a vehicle was identified as
possibly having ORVR equipment, the vehicle driver was queried to determine whether
the vehicle was included on EPA ORVR certification list. [f it was, the vehicle was
cataloged using vehicle make/model, and refueling time/date as record keeping
identifiers.

Appendix F contains the ORVR equipped vehicles that were refueled during the study.
While fill-up volume for ORVR equipped vehicles was not recorded, for the purposes of
understanding the possible impact of these vehicles on the project data set, one could
assume that the average fill-up was 10-12 gallons. Based on station daily product
throughput data, the ORVR equipped vehicles could account for 5-7% of total daily
throughput. This possible effect suggests that the combined impact of both simulated
and actual ORVR penetration could have been 0-7% for the baseline scenario, 10-17%
for the 10% ORVR penetration condition, and 50-57% for the 50% ORVR simulation
events.
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Section 3
RESULTS

As described in Section One of this report, only the Gilbarco vacuum assist system
data are reported in this section. In addition, because of the possible impacts of ORVR
equipped vehicles on the three levels of ORVR simulation (0%, 10%, 50%), the actual
magnitude of the station ORVR penetration was a range (0-7%, 10-17%, 50-57%)
rather than a specific value. Therefore, the baseline control condition did not represent
an experimental condition where 0% ORVR vehicles were present at the field site

during the duration of the study.
3.1 GILBARCO VAPOR RECOVERY SYSTEMS

3.1.1 Station Sampling Times, System Integrity Checks and Product Deliveries

Table 3-1 tabulates the sample times, product delivery events, and system integrity
checks for Gilbarco test series. Sampling for baseline conditions occurred over four
time periods and therefore was not continuous. These discrete non-continuous time
periods are reflected in the 0% ORVR penetration figures (Figures 3-1 through 3-3).
The sample periods were continuous for the 10% and 50% ORVR penetration sample
conditions. The 10% ORVR simulation was executed by modifying dispenser number
3/4, and allowing regular grade refueling to occur only on the number 3 side of the 3/4
dispenser. Normal refueling occurred on the number 4 dispenser. The 50% ORVR
simulation event occurred by meodifying dispensers 5/6 and 7/8. Regular grade
refueling was allowed only on dispensers 5 and dispenser 7 with dispensers 6 and 8
maintaining normal activity for all three grades. The purpose of having the Plus and
Premium grades inactive on one side of the ORVR modified dispensers with respect to
vehicle refueling was two-fold; (1) maintaining the appropriate level of ORVR
simulation refueling at the site and (2) it was hypothesized, in consultation with vapor
recovery manufacturer technical staff, that the ORVR simulation modifications to one
side of a dispenser would effectively inactivate the other two grade of gasoline on the
ORVR simulation side of the dispenser. The second observation was later questioned
with respect to its validity.

A product delivery occurred during the 50% ORVR simulation time period. In addition,
product drops took place six hours and two hours respectively prior to the inception of
the 0% and 10% ORVR simulation conditions. The 10% ORVR simulation event
received Regular and Plus grade product deliveries on 2/10/98 at 6:29 AM. Sampling
began at 9:10 AM. Premium and Plus grade product was delivered during the 50%
ORVR simulation test period at 11:40 AM the second day of the sample period
(2/13/98).

System integrity checks were done prior to and immediately following the ORVR
simulation testing. In pre-test evaluation, static pressure, dynamic pressure and A/L
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testing was executed by both Service Station Maintenance Inc. and the Bay Area Air
Quality Management District (BAAQMD). Prior to the inception of site testing for ORVR
simulation (several days before), Service Station Maintenance evaluated the site for
system integrity. Once the site was designated “tight”, the BAAQMD “officially” tested
the site for pre-sampling certification. As is apparent from the test results (Appendix B),
several of the site nozzles failed the A/L testing during the pre-test system integrity
checks. As a frame of reference, the allowed A/L values for the Gilbarco VaporVac
system is 1.00-1.20. The malfunctioning nozzles were repaired by Service Station
Maintenance and checked for appropriate A/L values prior to the inception of ORVR
simulation testing. Post ORVR simulation system integrity was executed by BAAQMD.
All post-testing data were within acceptable ranges. This observation confirms that the
nozzle A/L values were repaired prior to the inception of ORVR simulation testing.

3.1.2 Vent Line Emissions for Baseline Conditions

Tables 3-2, 3-5 and 3-8 summarize the observed hydrocarbon concentrations,
hydrocarbon mass release rates and UST gauge pressure conditions for the control
scenario, 0% ORVR penetration. These data are also presented in graphical form
using 1-minute averages, 15 minute averages and one-hour averages. Figures 3-1
through 3-3 contain the hydrocarbon concentration and UST gauge pressure traces.
Figures 3-10 through 3-12 display the hydrocarbon mass release rate and UST gauge
pressure data. As is visible in each of these figures, hydrocarbon emission behavior
mirrors the gauge pressure dynamic in the UST. However, when imposing a regression
model on these data (hydrocarbon emissions as a function of UST gauge pressure),
the anticipated correlation was not visible (Tables 3-12 and 3-13). This is in part due to
the variance exhibited by each variable as a function of time. The observed variance in
the one minute presentations is not an artifact of instrumentation noise (nor is the case
with the 10% and 50% ORVR test conditions) but is a function of the changing gauge
pressure conditions in the UST. The 15 minute and one hour averaging functions
minimize the observed variance in both pressure and hydrocarbon concentration.

Table 3-11 summarizes the collected emissions and UST gauge pressure data for the
Gilbarco vacuum assist vapor recovery system. This table also tabulates the volume of
fuel dispensed during each experimental condition. For baseline conditions (i.e., no
ORVR refueling), emission levels, reported as parts per million (ppm), were observed
to be in the 0-2 ppm level for the majority of the measurement period. Bursts of vent
line emissions were observed in the 100, 200 and 1170 ppm range. The corresponding
UST gauge pressure values ranged from -.0.02 to 0.7 inches W.C. The peak positive
gauge pressure values and corresponding hydrocarbon vent releases did not correlate
with product deliveries. The predominant vent line emission release at the end of the
0% ORVR simulation sample period (12:00 — 16:03 on 2/7/98) was not related to a
product delivery. A product delivery did occur on the final day of the 0% ORVR
simulation testing at 10:56 PM, several hours after the baseline measurement program
was complete. Translating the observed emission concentrations into a standardized
emission factor metric (pounds HC/1000 gallons pumped), the vent line emission factor
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accumulated over the duration of the baseline sample period is 0.00518 pounds/1000
gallons. As will be discussed in Section 3.1.4, the baseline fugitive emission factor was
nearly two orders of magnitude larger that the measured vent line emission factor
value. This strongly suggests the dominant impacts that fugitive emissions have on the

GDF hydrocarbon emission inventory.

To further evaluate the distributions of UST gauge pressures, they were charted using
a histogram configuration (Figure 3-19). In terms of UST gauge pressure profiles, for
the purposes of graphical presentation, the range of observable pressures were divided
into ten discrete ranges. Each range represents approximately 1/10 of the observable
gauge pressure ranges. Each histogram bar is labeled by both the highest value in the
plotted range (the top value) and the actual range of gauge pressure values
represented by the histogram bar (the bottom value in parenthesis). As is gleaned from
Figure 3-19, approximately 70% of the observed UST gauge pressure values during
the baseline testing were between 0.008 and 0.046 in. W.C.

3.1.3 Vent Line Emissions for 10% ORVR Penetration

The descriptive statistics for the hydrocarbon and gauge pressure data collected during
the 10% ORVR penetration experimental condition are summarized in Tables 3-3, 3-6
and 3-9. These recorded field data are presented in graphical format in Figures 3-4
through 3-6 for gauge pressure and hydrocarbon concentration using one minute, 15
minute and one hour averaging functions. Figures 3-13 through 3-15 present similar
data as the hydrocarbon data is presented as mass released per unit time. ' The
relationship between vent line hydrocarbon emissions and UST gauge pressure is
visible in these figures with hydrocarbon emissions increasing with UST gauge
pressure. Compared to the 0% ORVR test conditions, the regression model for 10%
ORVR penetration (Tables 3-14 and 3-15) suggests a stronger relationship as defined
by an R square vailue of 0.35 and a correlation coefficient (R) of 0.59.

Table 3-11 summarizes the observed vent line emissions for the 10% ORVR
penetration experimental conditions. As with the case for the baseline conditions, vent
line emissions ranged from almost nondetectable levels to a concentration of 100 ppm.
A product delivery did occur several hours prior to the inception of 10% ORVR
hydrocarbon measurement at 6:29 AM. It is unclear whether the 11:30-11:49 AM
hydrocarbon bursts in excess of 2000 ppm were related to this product drop event.
There was an observed trailing effect over a four hour period where vent line emissions
did eventually return to levels below 100 ppm. It is hypothesized that the observed
hydrocarbon peaks are representative of station dynamics (e.g., system design,
hydrocarbon molecule phase transfer at the liquid/air interface in the UST) rather than
tanker truck refueling activities. However, it has been hypothesized by other
researchers that a bulk delivery through a damaged fill connector can aspirate
significant quantities of air into the UST. This causes gasoline evaporation and
increased pressure in the UST with the full impact of this occurrence not being
observed until hours after the delivery is complete. '
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integrating the emission data into a standardized emission factor metric produced a
vent line emissions factor of 0.00985 pounds/1000 gallons of gasoline pumped for the
10% ORVR penetration experimental condition. This value is larger than the baseline
emission factor value by roughly a factor of two. When evaluating the rate hydrocarbon
releases from the vent line, (Figures 3-13 through 3-15), the observed values were also
larger than the baseline condition release rate. The range of hydrocarbon release
rates was approximately between 10° and 10 pounds/minute. The higher rates at the
beginning of the 10% ORVR simulation testing may have corresponded to the time
period when product was being delivered to the UST from tanker trucks due to a
several hour lag effect.

The UST gauge pressure conditions during the 10% ORVR penetration conditions were
all positive values. They were between 0.097 and 2604 inches W.C. The
predominant gauge pressure peaks were at the beginning of the 10% ORVR simulation
test period and lasted over a nine hour period (9:10 AM — 16:00, 2/10). It is unclear
whether these gauge pressure values, and related emissions releases, are related to
the product drop that occurred two hours prior to the beginning of emissions testing.
When evaluating the distribution of gauge pressure frequencies, (Figure 3-20), 70% of
the observed gauge pressure recordings were between 0.348 and 1.351 in. W.C.

3.1.4 Vent Line Emissions for 50% ORVR Penetration

Tables 3-4, 3-7 and 3-10 summarize the descriptive statistics for vent hydrocarbon
emissions (ppm and Ibs/min) and UST gauge pressure for 50% ORVR penetration.
Figures 3-7 through 3-9 display one minute block averages and 15 minute/one hour
running averages for hydrocarbon concentrations and UST gauge pressure. When
converting hydrocarbon concentration to mass released per unit time, these data are
illustrated in Figures 3-18 through 3-20. During this time period, a product delivery
occurred at 11:40. This event does not appear to be related to significant hydrocarbon
and gauge pressure peak excursions observed at the end of the 50% ORVR simulation
sampling period. However, immediately foliowing the product delivery, there was brief
peak in gauge pressure at 12:00 PM. A small simultaneous release in emissions was
also observed at this time. As is visible in the one hour running average figures,
hydrocarbon mass releases increase (less so with the hydrocarbon concentration
values) with UST gauge pressure. The strength of this relationship was not echoed in
the regression analysis (Table 3-17). This was also the case with the regression model
evaluating hydrocarbon concentration figures and UST gauge pressure.

In contrast to both the baseline and 10% ORVR penetration conditions, vent line
hydrocarbon emissions for 50% ORVR penetration were considerably lower, ranging
from near non-detect levels to 40 ppm (Table 3-11). Emission release rates were
similar to both baseline and 10% ORVR penetration release profiles, ranging from 10°®
to 10™ pounds hydrocarbon released per minute. Vent line hydrocarbon emissions
directly correspond to UST gauge pressure with larger UST gauge pressure values
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triggering larger quantities of vent line hydrocarbon emissions. The calculated
emission factor in pounds of hydrocarbon released per 1000 gallons pumped was
0.0011. This value is smaller than both the baseline and 10% ORVR penetration
emission factors. As was apparent in the 0% ORVR simulation test period, fugitive
emissions during the 50% ORVR penetration test period were greater than two orders
of magnitude larger that the observed vent line emissions factor.

UST gauge pressure ranged from —2.01 to 1.390 in. W.C. This range is deceptive in
that the majority (98%) of the gauge pressure readings during the duration of the 50%
ORVR penetration were greater than 0.031 in. W.C. (Figure 3-21). The observed
gauge pressure conditions were relatively constant maintaining values in a band
between 0.3-0.8 inches W.C. for the majority of the 50% ORVR simulation test
conditions. :

3.1.5 Fugitive Emissions

As specified in draft TP-201.2B, site-specific fugitive emissions are quantified by
establishing a flow (Q) vs. pressure (P} relationship for the total facility by reproducing
the (Q) vs. (P) function in a laboratory setting using a physical model. The
methodology is described in Section 2.4.2.2. The model output (Q) vs. (P) function and
the data used to generate the (Q) vs. (P) curve is contained in appendix D. The initial
data points for this exercise were taken from the pre-test static pressure test conducted
by the BAAQMD. This function was applied to the system pressure values for each of
the three ORVR penetration test conditions. As a frame of reference, the pre-test static
pressure test yielded an average pressure of 1.965 inches W.C. and an average Q of
0.0771 cfm. Post-test data generated an average pressure of 1.970 inches W.C. and
an average Q of 0.0654 cfm.

Tables 3-18 through 3-20 summarize the flow characteristics (Q) defined as system
average leak rate (cfm). These data are also charted on Figures 3-22 through 3-30
with UST gauge pressure values. The control condition (0% ORVR) exhibited the
lowest Q with a mean value of 0.0113 and a minimum and maximum of 0.0002 and
0.019 respectively. The ORVR simulation conditions produced higher flow values. The
mean 10% ORVR penetration flow was 0.0869. The min/max range was 0.02-0.144.
The 50% ORVR penetration condition exhibited a smaller mean value (0.0605) though
the observed maximum was roughly in the same range. The fact that the 10% and 50%
leak rates are very close is a noteworthy observation given that the vent line emissions
values for the 10% and 50% ORVR simulation conditions were significantly variant.

The observed Q values are in the same order of magnitude as those observed by ARB
field staff during the 1998 ORVR retest field study at the same test location. This
suggests that the site-specific leak rate is reproducible under a variety of temporal
conditions. As is visible from Figures 3-22 through 3-30, leak rates correlate with
system pressure, an observation that is intuitive and supported by both physics tenants
and vapor recovery system design. The buildup of pressure in relatively closed
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systems will move towards a state of disorder, thus releasing pressure, as predicted by
the second law of thermodynamics, using all available pressure release locations (i.e.,
fugitive emission sources like nozzles, Stage | and Il fittings, P/V valves).

As described in Section 2.4.2.2, hydrocarbon concentrations were not measured on the
system side of the P/V valve. Using project empirical data, it is therefore not possible
to specify the hydrocarbon mass/volume variable [HCw] that is required to quantify
study-specific fugitive emissions using the expression: '

(HC) = (Q) x [HCmn] x time {3-1)

However, it is possible to generate fugitive emissions for this facility using the ARB
ORVR retest data (ARB, 1999). These data were applied to the Q function derived
during this study to produce facility-specific fugitive emissions data. Table 3-21
tabulates the ARB measured VRS side hydrocarbon concentrations, the observed leak
rate values for this project for two of the ORVR simulation test periods, and the
calculated fugitive emission factors in pounds per 1000 gallons.

A fugitive emission factor for the 10% ORVR simulation test condition was not
calculated because the ARB ORVR simulation test project did not simulate an early
ORVR penetration test condition. However, if we assume a linear relationship between
fugitive emission concentration and ORVR throughput, an average fugitive emission
factor for the 10% ORVR penetration can be calculated using the ARB 0% and 45%
penetration data (Table 3-22). ‘

The control ORVR simulation condition (0%) yielded a fugitive emission factor of
0.1210 1b/1000 gallons. This value completely masks the observed 0% ORVR
simulation vent line emission factor of 0.00518 1b/1000 gallons suggesting that other
fugitive emission sources (other than the vent line emission point) are the dominant
emission releases at gasoline dispensing facilities, at least for the testing executed
during this study. The calculated fugitive emission factor for the 50% ORVR simulation
sample period was 0.4031 Ib/1000 gallons, a value which is greater by approximately a
factor of four when compared to the 0% simulation fugitive emission factor. The
magnitude of the 50% ORVR simulation fugitive emission factor was greater than three
orders of magnitude larger than the measured 50% vent line emission factor for this
test condition.

The predicted 10% ORVR simulation fugitive emission factor is 0.9103 Ib/1000 gallons,
a value significantly larger than either the 0% or 50% ORVR simulation fugitive
emission factor by a factor of nine and two respectively. In addition, the predicted 10%
ORVR simulation fugitive emission factor is approximately three orders of magnitude
larger than the calculated empirical 10% ORVR vent line emission factor. As was the
case with vent line emissions, product deliveries do not appear to trigger burst of
fugitive emission releases.
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3.1.6 Total Emissions

Using the empirical vent line and fugitive emission factors developed in this field
program, average total emission factors for the 0% and 50% ORVR simulation
conditions can be calculated (Table 3-23). In addition, total emissions for the 10%
- ORVR penetration can be estimated integrating the modeled fugitive emission value
generated by the linear model calculation using the ARB 0% and 45% ORVR
generation data.

The control experimental condition (0% ORVR) yielded an average total emission
factor of 0.1262 pounds/1000 gallons which represents an average vapor recovery
system efficiency loss of 1.43%. The hypothesized increase in efficiency loss of ORVR
penetration was demonstrated with the magnitude of the 50% ORVR simulation total
emission factor. Using the ARB ORVR simulation refueling data (ARB, 1999), the
calculated 50% ORVR penetration average total emission factor was 0.4042
representing a VRS efficiency loss of 4.81%.

The early ORVR penetration (10%) total emission factor was over two times larger than
the 50 % ORVR simulation condition. Total emissions for 10% ORVR simulation were
0.9202 pounds/1000 gallons. This represents a loss of VRS efficiency of 10.85%. The
reduction of total GDF emissions when considering early vs. late ORVR penetration
conditions suggests a possible early maximum effect which is later offset by other GDF
system parameter dynamics.
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Figure 3-1 Gilbarco Vacuum Assist System Emissions (ppm) and UST Pressure for 0% ORVR Penetration*
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Figure 3-4 Gilbarco Vacuum Assist System Vent Emissions (ppm) and UST Pressure for 10% ORVR Penetration
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.Figure 3-7 Gilbarco Vacuum Assist System Vent Emis‘ns {ppm) and UST Pressure for 50% ORVR Penetratlm.
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Figure 3-8 Gilbarco Vacuum Assist System 15 Minute Average Vent Emissions (ppm) and UST Pressure for 50% ORVR Penatration
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're 3.9 Gilbarco Vacuum Assist System 60 Minute Average . Emissions {ppm) and UST Pressure for 0% ORVR Penetr.'n
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*Sampling periods are not continuous
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Figure 3-16 Gilbarco Vacuum Assist System Vent Emissions (Ibs/min) and UST Pressure for 50% ORVR Penetration
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*Sampling periods are not continuous
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Figure 3-28 Gitbarco Vacuum Assist Leak Rate and UST Pressure for 50% ORVR Penetration*

*Negative pressures do not generate outflow values
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Table 3-2

Hydrocarbon Vent Emissions (ppm)} for 0% ORVR
Descriptive Statistics

Mean .25.59
Standard Error 2.55
Median
Mode 217
Standard Deviation 107.14
Sample Variance 11479.08
Kurtosis 61.25
Skewness 7.46
Range 1169.03
Minimum 0
Maximum 1169.03
Sum 45182.01
Count 1765
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Table 3-3

Hydrocarbon Vent Emissions (ppm) for 10% ORVR
Descriptive Statistics

Mean 47 .46
Standard Error 1.81
Median ' 21.31
Mode 0.88
Standard Deviation 90.77
Sample Variance 8240.39
Kuriosis 22217
Skewness 11.79
Range 1999.52
Minimum 0.47
Maximum 2000
Sum 119841
Count 2525
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Table 34

Hydrocarbon Vent Emissions (ppm) for 50% ORVR

Descriptive Statistics

Mean 4.34
Standard Error NR
' Median 1.44
Mode 0.74
Standard Deviation 8.47
Sample Variance 41.92
Kurtosis 4,99
Skewness 2.30
Range 41.01
- Minimum 0.024
Maximum 41.03
Sum 8438.50
Count 1944
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Table 34

Hydrocarbon Vent Emissions {ppm)} for 50% ORVR
Descriptive Statistics

Mean 4.34
Standard Error NR
Median 1.44
Mode 0.74
Standard Deviation 6.47
Sample Variance 4192
Kurtosis 4.99
Skewness 2.30
Range 41.01
Minimum 0.024
Maximum 41.03
Sum 8438.50
Count 1944
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Table 3-5

Hydrocarbon Vent Emissions {mass) for 0% ORVR
Descriptive Statistics

Mean 1.772E-05
Standard Error 1.758E-06
Median 3.029E-06
Mode NA
Standard Deviation 7.384E-05
Sample Variance 5.452E-09
Kurtosis 61.255
Skewness 7.466
Range 0.00081
Minimum 0
Maximum 0.00081
Sum 0.031
Count 1763
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Table 3-6

Hydrocarbon Vent Emissions (mass} for 10% ORVR
Descriptive Statistics

Mean 3.37 E-5
Standard Error 1.3 E6
Median 1.49E-5
Mode NA
Standard Deviation 6.51 EH
Sample Variance 424 E-S
Kurtosis 225.57
Skewness 11.91
Range 0.0014
Minimum 243 E-7
Maximum 0.00144
Sum 0.085
Count 2524
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Hydrocarbon V

Table 3-7 -

ent Emissions (mass) for 50% ORVR
Descriptive Statistics

Mean 3.04 E-6
Standard Error 1.03 E-6
Median 1.49 E-5
Mode NA
Standard Deviation 45E86
Sampie Variance 2.03 E-11
Kurtosis 4.98
Skewness 2.30
Range 2.85E-5
Minimum 1.7 E-8
Maximum 2.85E-5
Sum 0.0059
‘Count 1944
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Table 3-8

UST Pressure (*“ H;0) for 0% ORVR

Descriptive Statistics

Mean 0.0266
Standard Error 0.0266
Median 0.262
Mode 0.032%
Standard Deviation 0.0181
Sample Variance 0.00033
Kurtosis -0.723
Skewness 0.0648
Range 0.0932
Minimum -0.0195
Maximum 0.0737
Sum 45182.013
Count 1765
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Table 3-9

UST Pressure {(“H,0) for 10% ORVR

Descriptive Statistics

Mean 1.086
Standard Error 0.0105
Median 1.0433
Mode NA
Standard Deviation 0.531
Sample Variance 0.283
Kurtosis -0.557
Skewness 0.432
Range 2.507
Minimum 0.0975
Maximum 2.604
Sum 2743.917
Count 2525
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Table 3-10

UST Pressure {“H,0) for 50% ORVR
Descriptive Statistics

Mean 0.556
Standard Error NR
Median : 0.525
Mode NA
Standard Deviation 0.307
Sample Variance 0.0946
Kurtosis 8.0259
Skewness -1.006
Range 3.397
Minimum -2.007
Maximum 1.389
Sum 1082.489
Count 1944
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Table 3-11
Gilbarco Vacuum Assist System Vent Line Emissions Data

0% 0.0313 1764 6030 "0.00518
10% 0.0844 2545 8573 0.00985
50% 0.00752 1955 6787 0.00111

1. Gallons dispensed are only for times that actual emissions testing occurred.
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Table 3-18

System Average Leak Rate {cfm) for 0% ORVR

Descriptive Statistics
Mean 0.0113
Standard Error 0.0001
Median 0.0117
Mode 0.0128
Standard Deviation 0.00405
Sample Variance 1.64 E-5
Kurtosis 0617
Skewness -0.316
Range 0.0198
Minimum 0.000186
Maximum 0.0189
Sum 18.612
Count 1639
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Table 3-19

System Average Leak Rate (cfm) for 10% ORVR
'Descriptive Statistics

Mean 0.0860
Standard Error 0.000493
Median 0.0869
Mode NA
Standard Deviation 0.0248
Sample Variance 0.000613
Kurtosis -0.6375
Skewness -0.0308
Range 0.121
Minimum 0.0233
Maximum 0.1444
Sum 217.327
Count 2525
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Table 3-20

System Average Leak Rate {cfm) for 50% ORVR

Descriptive Statistics
Mean 0.0605
Standard Error NR
Median 0.0591
Mode NA
Standard Deviation 0.01520
Sample Variance 0.000231
Kurtosis 0.178
Skewness 0.125
Range 0.0964
Minimum 0.00549
Maximum 0.10189
Sum 109.312
Count 1806

AVES/ATC-R-50074 Page 3-57




Table 3-21

Empirical Fugitive Emissions

0.0113 343 0.1210
10 0.0860 ND ND
50 0.0605 205 0.4031

1. Measured hydrocarbon concentrations provided by the California Air Resources

Board (ARB, 1999)
2. The CARB study simulated 45% ORVR compared to 50% ORVR simulated during

the current AVES study.
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Table 3-22

Calculated and Predicted Fugitive Emissions

0 (AVES & 34.3 % 34.3% . 1.4
CARB)

10 {AVES) ND 31.2%"° 0.9103° 10.8

45 (CARB) 20.5% 20.5%' NA NA

50 {AVES) ND 17.4%" 0.3421° 4.1

5. Assumes an uncontrolled emission factor of 8.4 1b/1000
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Table 3-23

Summary of Calculated Empirical and Modeled Emissions

0 . 0.00518 ] 1.43
10 0.9103° 0.00985° 0.9202* 10.95
50 0.40312 0.001112 0.4042° 4.81

Assumes an uncontrolied emission factor of 8.4 1b/1000 gallons
Caleculated using empirical data

Calculated using modeled data
Calculated using empirical and modeled data

HON =
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Section 4
DISCUSSION

4.1 SYSTEM EMISSIONS

For the tested Gilbarco vacuum assist vapor recovery system, pressure related fugitive
emissions dominated the emission releases at the tested field location. Observed
calculated fugitive emissions appear to be associated with the degree of ORVR
simulation. The fugitive emission rate was larger by almost a factor of four for the 50%
ORVR simulation conditions compared to the 0% ORVR simulation values (i.e., 0.4031
vs. 0.1210 Ib/1000 gallons respectively). These values are in the same range as those
reported by ARB (ARB, 1999) even though the ARB testing was conducted in the
summer as opposed to the current study’s winter testing schedule. One would expect
different emission factors due to fuel RVP and ambient temperature differences
between summer and winter conditions. The introduction of the predicted 10% ORVR
simulation fugitive emission factor (0.9103 Ib/1000 gallons) suggests that ORVR
penetration effects are not linear but may reach an early maximum effect. The basis of
this hypothesis is that the early penetration (10%) ORVR fugitive emission factor is
over two times larger that the 50% ORVR emission factor.

It is important to recognize that pressure releases and therefore fugitive emissions are
allowed for vapor recovery systems as specified in the ARB static pressure test
methodology. A given amount of fugitive emissions are therefore predicted based on
the outflow curves generated by the static pressure decay characteristics data. The
most important fugitive sources relative to their emissions release potential will be
determined by the pressure release characteristics at each fugitive emissions source.

Fugitive emission release rates can be influenced by the heterogeneity of vapor
saturation in system air parcels. For example, specific fugitive emission sources (e.g.,
UST fittings) can have greater emission releases due to greater fuel air saturation of
vapors proximal to the fugitive emission source compared to other fugitive emission
release sources (e.g., P/V valves). Clearly, with increased fuel air vapor saturation,
hydrocarbon release rates will be larger. Vapor saturation is influenced by many
factors including proximity to product, aging, and the influence of fresh air
inflow/outflow breathing. The complexity of modeling these phenomena imposed
restrictions on resolving the precise influence of vapor saturation on fugitive emission
releases.

The hypothesized relationship that vent line emissions will increase with higher
refueling frequencies of ORVR equipped vehicles was not consistently observed in this
project. Compared to baseline vent line emission leveis, the 10% ORVR penetration
experimental condition did see an increase in vent line emissions. However, vent line
emissions for the 50% ORVR penetration field conditions did not increase relative to
both baseline and 10% ORVR penetration. The lack of an observed correlation
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between vent line emissions and ORVR penetration (i.e., UST pressure) could have
been caused by the changing proportion of vent line emissions to total fugitive emission
from the 30-40 potential leak sources (e.g., nozzles, Stage | and Il fittings, P/V valves)
at different system pressures. Vent line emissions can also be expected to vary when
(1) there is less vapor volume emitted from the vent line riser or (2) the released vapor
volumes do not change but are leaner with respect to hydrocarbon concentration.

The dominance of the fugitive emission factors compared to the vent line emission
factors (Table 3-23) could account for the low vent line emissions. For this study, P/V
valves (i.e., vent line emissions) are considered a fugitive emission source as is the
case in previous ARB research studies targeting gasoline dispensing facility emissions.
However, they are reported as a separate emission point for this report. Based on the
measured vent lines emissions and the total calculated fugitive emission factor, the
sum of all other fugitive emission sources (apart from P/V valves) are more important in
accounting for total fugitive emission releases than is the contribution of vent line/PV
valves to fugitive releases. This can be attributed to the pressure release potential of
other dominant fugitive sources and the fact that P/V valves are not designed to
release significant quantities of emissions until their cracking pressure design valve is
reached (3 inches W.C. % 0.5 inches). The system pressure conditions for the 10%
ORVR simulation event were the only pressure values that approached the P/V valve
cracking pressure thresholds during this research program. The larger vent line
emission factor for 10% ORVR penetration can be attributed to these higher system
pressure values. For the other field conditions (0% and 50% ORVR), vent line
emissions were limited due to a lack of P/V valve hydrocarbon releases. ‘

The 1999 ARB ORVR simulation refueling study provides the closest data set for
comparison with the current study vent line emission factors. The average control
emission factor (0% ORVR simulation) generated by the ARB study was 0.000241
pounds/1000 gallons. This value is smaller than the current study average control vent
line emission factor of 0.0052 pounds/1000 gallons. For the 50% ORVR simulation
condition (ARB used 45% ORVR simulation), the ARB average vent line emission value
was 0.114 pounds/1000 gallons, though a range of 0.000245-0.245 pounds was
reported. The smaller value was recorded at the onset of the 50% ORVR simulation
testing. The vent line emission factor increased over a five day test period to 0.222.
These values are contrasted to the 0.0011 pounds/1000 gallons average vent line
emission factor for the 50% ORVR simulation condition generated in the research
program described in this report. The range of ARB 50% ORVR values underscores
the importance of a field test program with a duration of at least five days to adequately
describe ORVR impacts on gasoline dispensing facility emissions.

The magnitude of total system empirical and predicted emission factors (0.1262,
0.9202 and 0.4042 Ib/1000 gallons for the 0%, 10%, and 50% ORVR simulation
conditions, respectively) are smaller than previously reported field and theoretical work.
The ARB theoretical study (1994) predicted a vacuum assist total emission factor of
2.90 pounds/1000 gallons during the refueling of ORVR equipped vehicles. While the
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2.9 1b/1000 gallons is a worst case theoretical value based on the assumption that all
air introduced into the UST will reach a saturation concentration in equilibrium with the
stored liquid, this value is larger by one order of magnitude compared to the ORVR
simulation emission factors calculated with the current study data set. The 1999 ARB
ORVR simulation study reported total average GDF emissions of 0.2583 and 0.7929
pounds/1000 gallons for the 0% and 45% ORVR simulations conditions respectively.
These values are roughly two times the emitted total GDF hydrocarbon emissions
observed during this study.

The impact of product deliveries on vent line and fugitive emissions is not consistently
apparent from the project data set. Product drops are correlated with increases in
system pressure that in turn generate larger releases of vent line and fugitive
emissions when compared to non-product delivery conditions. However, the magnitude
of these increases is not the same for each product delivery event. The hypothesis that
product drop emissions are related to product delivery volume was not supported by
the project. Each product delivery event consisted of approximately 9,000 gallons.

Whether product deliveries will increase system emissions is partially a function of
whether Stage | emission reduction methodologies are adhered to. Incorrectly
connecting Stage ! vapor recovery system hoses (i.e., improper order of hose
connections or loose connections) can yield increases in system pressure which in tumn
impacts vapor recovery systems emission releases. It is unknown how consistent the
Stage | emission reduction methodologies are applied by tank truck operators. Given
the range of sequences that Stage | vapor hoses can be connected to both the tank
trucks and the Stage [ UST fittings, the degree of system pressure buildup attributed to
the correct or incorrect application of Stage | methodologies can be highly variable.
However, even if Stage 1 emission technology is properly used, pressure buildup does
appear to occur during product drops which may have a concomitant impact on system
emission releases. Pressure buildup due to product drops is not a universal
phenomenon. The ARB 1996 ORVR study demonstrated pressure reductions during
product deliveries.

The lack of a predictable relationship between ORVR simulation and vent line or
fugitive emissions can be attributed to a variety of factors which underscores the
complexity of trying to generate realistic or predictable emission factors for gasoline
dispensing facilities. The driving forces that govern the magnitude of hydrocarbon
emission releases at gasoline dispensing facilities include:

Product Throughput

Tank throughput

Product turnover rate

Fuel delivery and dispensing profile
Initial fuel vapor space ullage volume
Initial fuel volume
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Vent line volume

Temperature
Diurnal temperature variation

Temperature of fuel delivered to tank
Temperature of fuel in UST

System Parameters

Elevation of vent line outlet above UST
Slope of UST

Tank diameter

Tank volume

UST gauge pressure

Fuel Characteristics

Fuel air saturation
Fuel Reid Vapor Pressure (RVP)
Saturated vapor concentration

Meteorological Characteristics

Local wind velocity profile
Local barometric pressure changes

Control Technology

Phase | vapor recovery system efficiency
Phase Il vapor recovery system efficiency
Vapor/Liquid ratio for Phase I refueling
Pressure/Vacuum (P/V) vaive efficiency

To adequately understand emission releases from GDF vent lines or other fugitive
sources would require controlling for the dominant variables that influence hydrocarbon
emissions. However, the focus of this research project was not a comprehensive
evaluation assessment of hydrocarbon releases but rather an attempt to explore what
impact ORVR equipped cars have on vent line or fugitive emissions. Given the range
of factors that can influence GDF system emissions, one possibility in trying to
understand the results of this project is that, for the 50% ORVR simulation condition
(relative to 10% ORVR), there may have been system leaks which would reduce the
amount of emission releases at the vent line (i.e., other fugitive emission sources
diffused the mpact of the vent line releases).
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The post-measurement static pressure test executed by the BAAQMD did pass the
appropriate criteria relative to system tightness. However, reviewing the pressure
release data for the pre- and post-test static pressure tests, there was a modest
increase in pressure release rate for the post-ORVR simulation static pressure test
compared to the pre-ORVR simulation static pressure test. The magnitude of the
fugitive emission factor and leak rates (Q) for the 50% ORVR simulation time frame
compared to the 0% ORVR and 10% simulation test periods also suggest that (1)
fugitive emissions (e.g., leaks) are greater for the 50% ORVR simulation condition than
for the 0% baseline condition and (2) the leak rate for the 50% ORVR simulation is
smaller than the 10% ORVR simulation leak rate. This could result in smaller vent line
emissions for the 50% ORVR simulation condition.  Whether these factors could
account for the large differences in 50% ORVR simulation vent line emission factor
compared to the 0% and 10% ORVR simulation testing cannot be definitely
determined.

A second possibility is that the sample period for each experimental condition (i.e.,
baseline, 10% ORVR, 50% ORVR) may have been too short to adequately investigate
the variance implicit in complex systems such as vapor recovery systems. The control
sampling time (0% ORVR) was 27 hours while the 10% ORVR and 50% ORVR
penetration condition sampling duration was approximately 46 hours and 34 hours
respectively. Based on the observations from the current study, the follow-up ORVR
field measurement program executed by ARB did consider this factor when designing
the field measurement protocol. Five days of baseline measurement followed by 6
days of 50% ORVR penetration measurement were used to evaluate the impact of
ORVR equipped vehicles on refueling vent line emissions. Using this methodology, a
relationship in the hypothesized direction was observed between vent line emissions
and ORVR equipped vehicles. In addition, the 50% ORVR vent line emission factor
increased by at least two orders of magnitude over the six day sampling period. During
the first two days of the sampling period, however, the observed vent line emission
factors were in the same range as those reported in this study.

A third possibility is that ORVR impacts on GDF emissions reach a maximum rather
than emulating as a linear function. The project data suggest that refueling ORVR
equipped vehicles will trigger greater releases of fugitive emissions. Based on (1) the
similarity of the leak rate values for both the 10% and 50% ORVR simulation conditions
and (2) the predicted 10% ORVR simulation and calculated 50% ORVR simulation
emissions factors, the impact of increased ORVR penetration at vacuum assist VRS
equipped sites may not necessarily trigger a concomitant increase in fugitive
emissions. Rather an emissions maximum may be reached during the early
penetration of ORVR vehicles above which fugitive emissions will not rise proportional
to the introduction of ORVR vehicles into the on-road vehicle fleet. A possible
hypothesis to account for this behavior is that at higher levels of ORVR penetration,
return air to the UST occurs at rates faster than gasoline evaporation can saturate this
air with gasoline vapor. At higher throughput, static pressure does not have time to
saturate. This yields a scenario where vapor concentrations are lower for high levels of
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ORVR penetration compared to the early introduction of ORVR vehicles into the on-
road vehicle fleet.

It is unclear what the impact of refueling new ORVR equipped cars {as opposed to
simulated ORVR refueling) had on the observed vent line and fugitive emission factors.
There was roughly the same amount of ORVR equipped cars refueled during the 10%
and 50% ORVR simulation test conditions (42 and 38 vehicles respectively). If one
assumes an average fill up of ten gallons (total fuel throughput for the 10% and 50%
was 8573 and 6787 gallons), total vehicles fueled during 10% ORVR simulation was
857 and 687 for the 50% simulation condition. Therefore, approximately 6-7% of the
vehicles refueled during the 10% and 50% conditions were ORVR equipped vehicles
(e.g., 42/857=6%). Accounting for the fact that these vehicles in part refueled at the
ORVR simulation dispensers (thus offsetting the ORVR simulation impacts), the 10%
and 50% ORVR simulation values may have been marginally larger with respect to
ORVR penetration.

One interesting observation relative to the numbers of ORVR equipped cars refueled
during this project is the data generated by current efforts to track the refueling
behavior of ORVR equipped vehicles in the existing auto fleet. These data suggest
that current ORVR vehicle penetration is 6-8% based on site surveys at vapor recovery
system manufacturer’s test sites. This value has not been independently validated nor
has it been investigated with respect to factors that could skew the numbers of
refueling ORVR vehicles at specific refueling sites (i.e., proximity to airports or new
rental car fleet locations). Notwithstanding the lack of data validation, the 6-8% ORVR
penetration value is considerably higher than what was predicted several years ago for
1999-2000 time frame (2-3% ORVR penetration).

4.2 PRESSURE DATA

While a linear relationship was not definitively established between ORVR equipped
vehicles and GDF emissions based on the applied regression models, the impact of
UST gauge pressure on vent line and fugitive emissions was consistently observed in
this project. When plotting UST gauge pressure profiles and vent line or fugitive
emissions on the same graph, the trend for each of these two parameters suggested a
proportional relationship for all of the recorded experimental conditions. In other
words, when UST gauge pressure increased, vent line and fugitive mass emissions
increased. This relationship did appear to be indirectly influenced by the level of
ORVR penetration, especially for fugitive emissions.

The empirical dataset did not consistently suggest that with higher ORVR penetration
levels, UST gauge pressure values increase. While 10% ORVR penetration exhibited
marked increases in UST gauge pressures relative to the 0% ORVR control condition,
the 50% ORVR condition did not display proportionally greater increases relative to the
10% ORVR simulation condition. However, when contrasting the two ORVR simulation
conditions to the control ORVR level (0% ORVR), there was a marked increase in UST
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gauge pressures. These data can be contrasted to the pressure data reported by ARB
(1996) when evaluating the interaction of UST gauge pressure with ORVR simulation
conditions. The vacuum assist ORVR simulation ARB pressure data and the current
study ORVR 10% and 50% ORVR simulation data are roughly equivalent in pressure
distributions. ARB (1996) reports 94.7% of the UST gauge pressure data > O inches
W.C. for 20% ORVR simulation levels. The current study observed 100% of the UST
gauge pressure data > 0 inches W.C. for both the 10% and 50% ORVR simulation
conditions.

- Notwithstanding the uncertain impacts of ORVR simulation based on the current study
data set, with larger UST gauge pressures, greater hydrocarbon volume releases are
observed at both the vent line and the constellation of fugitive sources at the gasoline
dispensing facility. The consistency of this relationship suggests that emission controt
strategies that target the maintenance of neutral UST system gauge pressure would be
effective at minimizing hydrocarbon emissions at gasoline dispensing facilities.

The proportional relationship between UST gauge pressure and GDF emissions was
observed during both product deliveries and during the normal automobile refueling
activities. Product delivery did produce an increase in UST gauge pressure though the
magnitude of this effect was not predictable. However, the gauge pressure increases
did not always produce a simultaneous increase in vent line emissions. As was visible
in the 10% ORVR simulation test condition, the impact of product delivery appeared to
have a noticeable lag effect as UST gauge pressure remained elevated (relative to pre-
product drop conditions) for several hours after the drop delivery event terminated.

4.3 SYSTEM FLOW DATA

The calculated system flow value {Q), interpreted as the system leak rate, was in the
range of values quantified by the ARB field ORVR retest project at the same location
(ARB, 1999). In addition, Q increased with the presence of ORVR simulated refueling
events relative to non-ORVR control conditions. Given the observation from the ARB
ORVR retest data that fugitive emissions (originating from systemic leaks) dominate the
GDF emission inventory when compared to vent emissions, the calculated Q value from
this project confirms the ARB dataset information. Application of system hydrocarbon
concentration values from the ARB ORVR simulation tests to the current study Q
values generates fugitive emission factors for the 0% and 50% ORVR simulation
conditions roughly equivalent to the calculated ARB fugitive emission factors. Note that
ARB did not test for early (10%) ORVR penetration.

As previously described, the leak rates for 10% and 50% ORVR are similar but the vent
line and fugitive emissions were variant. As earlier suggested, a possible hypothesis
explaining this observation is that high levels of ORVR penetration are returning air to
the UST at a rate faster than evaporation of gasoline can saturate this air within
gasoline vapor. The result is that VRS vapor concentrations at high ORVR levels are
lower than at lower ORVR:levels. Therefore, for the same pressure and leak rate, the
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emission rate will also be lower for 50% ORVR versus 10% ORVR. Thus, fugitive mass
emission rate as a function of increasing ORVR throughput may increase to some
maximum and then begin to fall off as the evaporation rate becomes limited by mass
transfer effects rather than the amount of air available in the UST.

The magnitude. of the fugitive emission factors compared to .the vent line emission
values suggests the importance of leak rate (Q) and pressure as determinant factors in
governing the magnitude of gasoline dispensing facility emissions. This observation
would lend evidence to the proposal that an underground storage tank static pressure
management system that maintains neutral UST static pressures could be a valuable
emissions control strategy at gasoline dispensing facilities. Pressure control systems
of interest include nozzle and vapor pump designs that maximize the nozzle fill pipe
interface seal to obtain the required collection efficiency at a V/L ratio at or below one.
The other option is vapor processor methods (e.g., thermal oxidizers, carbon
absorption units, selective permeation membranes). Many current certified nozzle and
vapor pump designs do not include an effective seal at the nozzle fill neck interface.
Rather, they depend on high V/L ratios to achieve greater than 95% collection
efficiency at the dispensing point.
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Section 5

SUMMARY AND CONCLUSIONS

51 SUMMARY

When comparing ORVR refueling with non-ORVR refueling events for Gilbarco vacuum
assist systems, the field data collected in this research project do not indicate a linear
relationship between vent line or fugitive emissions and increased refueling frequency
of ORVR equipped vehicles. Using the observed flow values {Q) from this study and
the ARB ORVR simulation study hydrocarbon concentrations, fugitive emission values
were calculated for the 0% and 50% ORVR simulation conditions. A 10% ORVR
simulation fugitive emission factor was also predicted using the ARB hydrocarbon data
at 0% and 45% ORVR along with the assumption of a linear relationship between
concentration and ORVR throughput. The magnitude of the resultant fugitive
emissions suggests that fugitive emissions dominate the emission profiles at gasoline
dispensing facilities. Total fugitive emission rates are at least two-three orders of
magnitude larger that the vent line emission rates, one of the multitude of fugitive
sources at GDFs. Relative to the impacts of ORVR refueling, the project data suggests
an increase in fugitive emissions with the introduction of ORVR vehicles into the on-
road vehicle fleet. The observed values were in the same range as those recorded in
the 1999 ARB ORVR retest study (ARB, 1999). The proportional relation of flow and
UST gauge pressure underscores the importance of maintaining neutral UST gauge
pressure as a means of controlling gasoline dispensing facility emission releases.

The baseline conditions (i.e., no ORVR refueling), measured over a 30 hour period,
yielded a vent line emission factor of 0.00518 pounds/1000 gallon with UST gauge
pressures predominantly in the 0.02-0.06 in. W.C. range. Adding 10% ORVR vehicles
into the daily refueling profile (representing early fleet penetration) yielded a predicted
increase in the vent line emission factor to 0.00985 pounds/1000 gallons when
measured over a 32 hour period. This is an increase by approximately a factor of two
over the baseline measurement condition. The resulting UST gauge pressures during
the 10% ORVR simulation event increased to an average value of approximately 1.25
in. W.C.

The climax conditions of 50% ORVR equipped vehicles in the US on-road fleet did not
demonstrate a linear relationship in vent line emissions. Measured over a 32 hour
period, vent line emissions were 0.00111 pounds/1000 gallons. This value is lower
than both the baseline and 10% ORVR penetration value. Though the UST gauge
pressure profile for 50% ORVR penetration was centered around 0.5 in. W.C., the
gauge pressures were on average greater than the 0% ORVR control values.

The lack of vent line emissions or pressure increases during the 50% simulation period
compared to 10% ORVR simulation sample condition cannot be attributed to a specific
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set of causal factors. However, (1) the potential for systems leaks as evident in the
50% ORVR simulation leak rate (Q), (2) the small differences in pre- and post-test
static pressure characteristics, and (3) the magnitude of the fugitive emission factors
could account for the differences in the observed vent line emission values between the
0%, 10% and 50% ORVR simulation conditions. Additional factors that may have
influenced the ORVR penetration/gasoline dispensing facility emission data are the
complexity of vapor saturation dynamics, the duration of sampling times for each ORVR
simulation condition, and the occurrence of product deliveries during the fieid test

program.

While the experiment conditions were different from the current study, the vent line
emission data for this project are lower than previously reported vent line emission
factors by AeroVironment (1994) and ARB (1994). However, data from the recently
released ARB ORVR simulation study (1999) is consistent with the calculated vent line
and fugitive emission factors from this study. With the exception of ambient
temperature conditions and summer fuel RVP, the 1999 ARB study is similar in
experimental design and field conditions to the current study. This lends itself to a
meaningful comparison to these project data. The increase of GDF fugitive emissions
as a function of ORVR equipped vehicle penetration is also similar between the 1999
ARB study and the research project in this report. However, the relationship was not
linear in that greater levels of ORVR refueling did not trigger a concomitant increase in
facility fugitive emissions. This suggests that ORVR impacts may reach a maximum
rather than being proportional to the magnitude of ORVR penetration into the on-road
vehicle fleet.

The implication of this hypothesis is that a plateau exists relative to the impacts of
ORVR equipped vehicles at vacuum assist vapor recovery system quipped gasoline
dispensing facilities. Once a given penetration of ORVR equipped vehicles occurs in
the on-road vehicle fleet, the impact of these vehicles on emission releases at gasoline
dispensing facilities will level off. One possible explanation for this behavior may be
that, above a given level of ORVR penetration, the complexity of vapor recovery system
dynamics (e.g., vapor saturation heterogeneity) offsets ORVR impacts.

5.2 CONCLUSION

Based on five days of field testing, for the evaluated Gilbarco vacuum assist vapor
recovery system, the modeled impact of ORVR refueling on vent line and fugitive
emissions did not demonstrate a prominent linear relationship. It was hypothesized at
the onset of this project that an increase in ORVR equipped vehicle refueling would
trigger increases in UST gauge pressure and subsequent higher vent line and fugitive
emissions for vacuum assist systems. A linear relationship was not observed by the
collected empirical data. The introduction of 10% ORVR equipped vehicles into the
refueling fleet did produce increased UST positive gauge pressures with concomitant
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increases in vent line and fugitive emissions. However, this trend was not manifest
when elevating the level of ORVR equipped vehicle penetration to 50%.

Using UST gauge pressure, system leak rate and the resultant fugitive emissions (of
which vent line emissions are part of) as a metric for evaluating the impacts of ORVR
refueling does suggest a relationship. Leak rates do increase with the simulated
refueling of ORVR equipped vehicles. In addition, calculated fugitive emissions for the
50% ORVR simulation condition are significantly larger than the baseline 0% ORVR
simulation condition. However, based on the leak rate data and calculated/predicted
fugitive emission factors, an increase of ORVR refueling (i.e., from 10% to 50%
simulated ORVR penetration) does not trigger a proportional increase in fugitive
emissions.

The cause of the inconsistent relationship between vent line emissions and ORVR
equipped vehicles could be attributed to the complexity in factors that influence
hydrocarbon emission releases at gasoline dispensing facilities. In addition, the
experimental design for this project could also have influenced the empirical outcomes.
For example, the data collection time period may have been too limited to adequately
evaluate the intrinsic variabilities implicit in the dynamics of Stage Il vapor recovery
systems. The size of the vent line emission releases compared to the total fugitive
emission factors underscores the importance of other fugitive emission sources (e.g.,
nozzies, Stage | fittings) in determining the magnitude of gasoline dispensing facility
emission releases. It also suggests that the role of UST pressure is critical for
controlling fugitive emissions.
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6.1

Section 6

RECOMMENDATIONS

RECOMMENDATIONS

Based on an evaluation of the empirical dataset collected for this project, future studies
investigating the impacts of ORVR equipped vehicles on vent line emissions should
address the following issues:

While the study design and study methodology for this research project was
reviewed by both ARB staff and the project Technical Advisory Committee, these
documents did not include the necessary ad hoc flexibilities (i.e., at a given moment
in the field) to respond to the realities of the field conditions encountered in this
project. Of concern are the difficulties in maintaining system static pressure over
time. This is not meant to be a criticism of the project's Technical Advisory
Committee or ARB staff. Rather, the need to execute ad hoc decisions in a field
setting based on the information available at the time is a critical component in
project's where the field setting is dynamic with respect to changing protocol or
methodologies. Future ORVR impact studies need to integrate the lessons from
this project in project study design and QAPP documents.

The data collection time should be significantly longer than the time periods
allocated for this project. A minimum of 7 days for each experimental condition (i.e.,
baseline and different levels of ORVR penefration in the vehicle fleet} should be
considered, assuming resources are available to support the field measurement

program.

The challenges of maintaining vapor recovery system integrity (e.g., system
tightness) need to be aggressively addressed in any future study. There are
several areas that include difficult to control for phenomena (i.e., the impact of
customers on gasoline dispensing equipment, the influences of delivery truck
personnel on Phase | integrity) that have dramatic impacts on system tightness. A
systematic effort needs to be exerted to either control for these factors or to
estimate, within an acceptable range of error, the systematic error term that is
introduced into the emission factor calculations due to compromises in system
integrity.

The impact of system leak rate (Q) and pressure in determining the magnitude of
fugitive emission releases suggests the importance of an emission control strategy
that targets the maintenance of neutral system pressure.
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e The potential impact of product deliveries on vent line and fugitive emission
releases suggests the need to vigilantly monitor the correct application of Stage |
vapor recovery methodologies. Deviance from standard practices can result in
significant increases in system pressure and concomitant emission releases.

e The possibility that ORVR impacts on vacuum assist vapor recovery systems are
not linear should be investigated. Maximums may exist with respect to the impact of
ORVR equipped vehicles on gasoline dispensing facility emissions. Once a given
level of ORVR penetration in the on-road vehicle fleet exists, their impacts on
gasoline dispensing facility emissions may be offset by the complexity of vapor
recovery system dynamics.
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Appendix A

GILBARCO VACUUM ASSIST DATA




The enclosed electronic file contains the collected data for the Gilbarco vacuum assist
system. While data was collected for each variable every second, the data are
presented as one minute block averages. The column headings are defined as:

Time: the average minute value

THC Vent: the measured concentration of hydrocarbon vapor measured as PPM
propone

Tambient: the measured ambient temperature in Rankine units
T Vent: the measured vent line temperature in Rankine units.
P Vent: the measured vent line pressure in inches of mercury.
V Vent: the measured vapor volume in cubic feet per second

P UST: the pressure in the UST measured below grade in the vent line riser in inches
of mercury.

PUST: the pressure in the UST in inches of water generated by the converting the
inches mercury value.

P ambient: ambient pressure in inches of mercury

Vvent: the measured vent volume standardized to temperature and pressure conditions
in scf/min units

THC mass: Hydrocarbon mass released from the vent line in units of pounds per
minute using the Vvent and hydrocarbon data (ppm) as input parameters.

The methods used to derive these value are described in Section 2 of this report.
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Distribution:

- Firm
Permit Services
Requester

Report No. 88179
Test Date: 2/4/98
Test Times:
RunA: 10:00 - 10:50
Run B:
Run C:

- BAAQMD Represeniatives

Firm Name and Address: Firm Representative and Tile: Source Test Team:

£l Sobrante Shell and Food Oyster Petroleum E. Stevenson C. McClure

3621 San Pablo Dam Rd. Owner/Operator G. Bradbury K. Kunaniec

El Sobrante, CA 94803 Phone No. (510) 223-1445

Source: Phase 1l Vapor Recovery Phase )l System Type:
Permit Condition ' Balance -
N/A Vapor Assist - Gilbarco
GDF No. 1355 Permit No. Type:
Operates 24 hriday& 365  daysiyvear Other -

Operating Parameters:

Number of Nozzles Served by Tank #1 g Nmber of Nozzles Served by Tank #2 8

Number of Nozzles Served by Tank #3 8 Total Number of Gas Nozzles at Facitilty 24

{:Applicable Regulations! CARB Contract#95-344. VN Recommended

Source Test Resulis and Comments: Source Test Method §7-30

TANK #: 1 2 3 TOTAL

1. Product Grade 87 89 92

Actual Tank Capacity, gallons 9.730 g 730 9 730 29190
Gasoline Volume, Gallons 3296 4982 4136 . __12.424

4. Ullage, gallons (#2 #3) 16766

5. Phase | System Type Two Point

8. Initial Test Pressure, Inches H20 (2.0) 200

7. Pressure After 1 Minute, Inches Hz0 200

8. Pressure After 2 Minutes, Inches H20 1.99

8. Pressure After 3 Minutes, Inches H20 197

10. Pressure After 4 Minutes, Inches Ho0O o5

11. Final Pressure After 5 Minutes, inches H20 193

12. Allowable Final Pressure from Table 30-| 1.83
-—BASS

13. Test Status [Pass or Fail]

NO COMMERCIAL USE OF THESE RESULTS IS AUTHORIZED




Distribution: Report No. 98180
Finm Test Date: 2/4/98
Fermit Services I
Requester Test Tirnes:
RunA: 41:00 - 11:30 .
Run B:
Run C:
ir BAAQMD Répresentativeés
Firm Name and Address: Firm Representative and Title: Source Test Tearr:
El Sobrante Shell and Food Ovyster Petroleum E. Stevenson C. McClure
3621 San Pablo Dam Rd. Ovmer/Operator G. Bradbury K. Kunaniec
El Sobrante, CA 84803 : Phone No.  (510) 223-1445
Source: Phase ll Vapor Recovery Phase Il System Type:
Permit Condition Balance -
N/A - | Vapor Assist - Gilbarco
GDFNo. 1355 Permit No. Type:
Operates 24 tridays 365  dayatvear Other -

Operating Parameters: Dispensers: Gilbarco AL1210C
Hoses: Goodyear Flexsteel Vapor Assist Hl with Husky Breakaways
Nozzles: OPW 11VA 2 and Emco Wheaton 4505

[:iApplicabje Regulations;
Source Test Results and Comments: Source Test Method ST-27

DISP.# GAS GRADE DYNAMIC BACK PRESSURE, INCHES H,0O
60 CFH
182 ALL 0.02
384 ALL 0.02
5&6 ALL 0.02 '
788 ALL . 0.02 . .

Note: Aliowable Dynamic Back Pressures are 0.15, 0.45, and 0.95 at Nitrogen flowrates of 20, 80, and 100 CFH, respectively.

NO COMMERCIAL USE OF THESE RESULTS IS AUTHORIZED




Distribution: Report No. 98181
Firm Test Date: 2/4/98
Permit Services _—
Requester Test Times:
Run A 12:30 - 3:00
GEsaad i Source information S BAAQMD Representatives:
Firm Name and Address: Source Test Team:
El Sobrante Shell and Foed QOyster Petroleum Eric Stevenson
3621 San Pablo Dam Rd, Owner/Qperator George Bradbury
El Sobrante, CA 94803 Phone No. (510) 223-1445
Source:  GDF Vapor Recovery System Permit Services / Enforcement
Permit Congition
N/A Test Requested by:
GDF# 1355 Application # K. Kunaniec

Operating Parameters; Dispensers: Gilbarco AL1210C

Hoses: Goodyear Flexsteel Vapor Assist Il with Husky Breakaways

Nozztes OPW 11VA 27 except where noted in serial number by —ew, then the nozzle is an Ernco Wheaton 4505
CARB Contracl #85-344" COMMmEn

Source Test Results and Comments: Source Test Method S§T-39

Pump | Gas | Nozzle Serial Total Disp. | Total { A-V/L | Avg. | Pass- | Roundness Comments
# Crade # Pumped | Rate, | Flow, A-ViL | Fail Pass-Fait
: gallons gorn cu fi
8 B7 | 246584jans 4.534 82 071 1.17 Pass Pass
& 87 | 445014zaugd 4.5681 7.8 073 ] 1.20 Pass Fail
7 87 | 445328augs 7.4390 76 120 1.20 Pass Pass
87 | 445328aug6 7.488 7.8 1181 1.18 Pass Pass
. 87 | 246057jan5 7.483 77 1181 1.18 Pass Fail
3 B7 | 28047 7{ebs 7.483 8.0 0.89 | 0.8%
7.511 7.8 091| 0.91
7.50¢ 7.8 096 | 086 0.92 Fail Fail
4 87 | 245401jan5 7.522 7.8 1117 1.10 Pass Fait
A B7 | 24203-ew 7.482 6.6 1.07 | 1.07 Pass Pass
2 89 | 24202-ew 7.493 9.4 1.00| 1.00 Pass Pass
1 89 | 24447-ew 7.515 8¢ 1.083 1.08 Pass Pass
3 85 | 252500febs 7.500 8.8 0857 085
7.565 9.3 081 080
: . 7.474 8.0 p78}| 0.78 0.81 Fail Fail
4 88 | 260524feb5 7.507 9.2 1.08 | 1.08 Fass Fail
S 85 | 4453252ugb 7.521 8.2 1021 1.01 Pass Pass
7 89 | 260531feb5 7.441 B.S 1051 1.08 Pass Fail
6 89 | 445323zug6 7.487 9.4 1.00] 1.00 Pass Pass
8 BS | 252574feb5 7.514 8.4 121} 1.20 Pass Fail
3 92 | 259743feb5 7.462 8.1 1.09 | 1.08 Pass Fail
4 82 | 445020augh 7.485 B6 122) 1.22
7.577 8.9 120 1.18
7.483 8.8 120 1.20 120 | Pass Pass
5 92 | 445018augt 7.502 9.2 1911 111 Pass Pass
7 82 | 292923aprs 7.531 82 071 071
7.527 8.9 075} 075
7.464 8.1 075( 075 073 Fail Pass
‘ 82 | 445827augb 7.488 8.1 044 044 N
|

Report #88181
Page 1 of 2



Pump | Gas | Nozle Serial Total Disp. | Total | A-V/L | Avg. | Pass-| Roundness Comments
# Grade # Pumped { Rate, | Fiow, A-ViIL | Fall Pass-Faii
gallons | gpm | cuft

7062 | 82 | 043 04s
7020 | 54 | 048] 051 | 047 | Fai | Pass

i

8 82 | 258725febd 7.508 9.0 1.09 | 1.089 Pass Fail
2 82 | 24201-ew 7.468 9.1 1.041 1.04 Pass Pass
1 92 | 24448-ew 7.453 8.1 1121 112 Pass Pass

A-V/L iimits for this configuration are 1.10 to 1.20
NO COMMERCIAL USE OF THESE RESULTS IS AUTHORIZED
Results are not Official Unless Signatures Appear Below
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Report No. 98182

Distribution:
Firm

Permit Services

Test Date:

2/17/98

Requester

Test Times:

RNA 11201215

Run B:

Run C:

BAAQMD Representatives |

E! Scbrante Shell and Food
3621 San Pablo Dam Rd.

ip M
Oyster Petrofeumn
Owner/Operator

Source Test Team: )
E. Stevenson €. McClure
G. Bradbury K. Kunaniec

El Sobrante, CA 94803 Phone No.  (510) 223-1445
Seurce: Phase |l Vapor Recovery Phase Il System Type:
Permit Condition Balance -
N/A Vapor Assist - Gitbarco
GDFNo. 1355 Permit No. Type:
: Operates 24 hridays 365  gaysiyvear Other -
Operating Parameters:
Number of Nozzles Served by Tank #1 8 Nmber of Nozzles Served by Tank #2 8
Number of Nozzles Served by Tank #3 8 Total Number of Gas Nozzles at Facitilty 24
L-Applicable Regulations ARE Contract #95-24:

Source Test Results and Comments: Source Test Method ST-30
TANK #: 1 2 3 TOTAL
1. Product Grade 87 89 92

Actual Tank Capacity, galions 9730 9730 9730 29190

Gasoline Volume, Gallons £.168 3 880 2.551 12,589
4. Ullage, gallons (#2 #3) 16592
5. Phase | System Type _Two Point
6. Initial Test Pressure, Inches HoO (2.0) 2.00
7. Pressure After 1 Minute, Inches HoO —199
8. Pressure After 2 Minutes, Inches HpoO 1.97
8. Pressure After 3 Minutes, Inches H>0 1.95
10. Pressure After 4 Mmutes Inches H20 1.95
11. Final Pressure After 5 Mmutes Inches H20 194
12. Allowable Final Pressure from Table 30-I 183
13. Test Status [Pass or Fail] __PASS

NO COMMERCIAL USE OF THESE RESULTS IS AUTHORIZED




Distribution:
Firm
Permitt Services

Requester

98184

Report No. ___¥5°'&%
2/17/98

Test Date:

Test Times:

Run A 12:30 - 3:00

BAAQMD Representatives

Firm Name and Address: Flrm Reprasen‘taﬂve and Title Source Test Team:
El Scbrante Shell and Food Oyster Petroleum Eric Stevenson
3621 San Pablo Dam Rd. Owner/Operator Gevrge Bradbury
El Sobrante, CA 94803 Phone No.  (510) 223-1445

Permit Condition
N/A

GDF# 1355

Source:  GDF Vapor Recovery System

Application #

Permit Services / Enforcement

Test Requested by:
K. Kunaniec

Operating Parameters: Dispensers: Gilbarco AL1210C -
Hoses: Goodyear Flexsteel Vapor Assist |l with Husky Breakaways
Nozzles: OPW 11VA 27 except where noted in serial number by —ew, then the nozzle is an Emco Wheaton 4505

t:Applicable Regulations

+CARB Contract #95-344

Source Test Results and Comments: Source Test Method ST-38

Pump | Gas { Nozzle Serial Total Disp. | Total | A-VIL | Avg. | Pass-| Roundness Comments
# Grade # Pumped | Rate, | Fiow, A-VIL | Fail Pass-Fail
gallons gpm cuft
1 87 | 246057jans 7.510 8.0 117 | 1.17 Pass Pass
5 87 | 445328zugt 7.495 7.9 118 1.18 Pass Pass
7 87 | 445326augb 7.456 8.3 1.14 ] 1.14 Pass Pass
4 87 | 245401jan5 { 7.500 | 83 | 1.18] 1.18 Pass Fail .
3 87 | 280477febs 7.688 8.1 108} 1.05 Pass Pass
8 B7 | 246564jan5 7.487 83 1.08 | 1.08 Pass Pass
6 87 | 445014augh 7.459 8.3 1.081 1.08 Pass Fail - OPW 687CAS Breakaway
2 87 | 24203-ew 8.071 8.1 1.08{ 1.00 Pass Pass
3 89 | 252500feb5 7.580 B.8 1.02) 1.01 Pass Pass
4 8G | 260524feb5 6.831 e.1 1.06 | 1.16 Pass Fail
5 8% | 44532%augh 7.498 8.0 113 1.13 Pass Pzss
6 89 | 445323aug6 7.501 9.2 109 1.09 Pass Pass
7 85 | 260531feb5 7.522 90 1.09¢ 1.08 Pass Fail
8 g2 | 252547febs 0.000 #eA | 0.00 | #ee a5 Pass Shut-Cff, Could Not Test
1 B9 | 24447-ew 7.533 8.4 112 1.1 Pass Pass
2 85 | 24202-ew 7.509 92 1.04 | 1.04 Pass Pass
1 82 | 24449-ew 7.494 8.0 110 1.10 Pass Pass
2 92 | 24201-ew 7.509 82 1.08) 1.08 Pass Pass
4 82 | 445020augB 7518 87 1171 118 Pass Fail
3 82 | 256743feb5 7.496 82 1.03| 1.03 Pass Fait
8 82 | 252574feb 0.000 et | 0.00 | s s Fail Shut-Off, Could Not Test
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Comments

Pump | Gas | Nczzle Serial Total Disp. | Total | A-V/IL | Avg. | Pass- | Roundness
. Grade # Pumped | Rate, | Flow, A-V/L | Faill | Pass-Fail
galions gpm cu ft
6 92 | 445827augb 7.505 8.2 1.08| 1.06 Pass Pass
5 892 | 445018aug5 7.462 g3 111 1.1 Pass Pass
7 92 | 282923a2pi5 7.504 82 1.08 { 1.08 Pass Pass

A-V/L limits for this configuration are 1.00 to 1.20
NO COMMERCIAL USE OF THESE_RESULTS 1S AUTHORIZED
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Appendix C
ORVR EQUIPPED VEHICLES

EPA CERTIFIED




The column headings for the EPA Certification data are:

Column 1: Auto Manufacturer and CARB Executive Order if known
Column 2: Engine Family, Evap. Family and Certiificate Number
Column 3: Emission Control System Number

Column 4; Effective Certificate Date (if issued)

Column 5: Auto Model Name



£0 L6-01-01

BFA 2 -
1558 EODEL YRAR CERTIPICATES bl
Light-Duty Vehicles
with
Ooboard Refueling Vapor Recovery S
October 3, 1997 ey
Py
REVISED . 1 09-24-57 3
. =
WCRXV0155V20/WCRXRO101G1G 1 09-15-97 CHRYSLER: (TWCORDE; DODGE: INTREPID -
201DV2i . . TLEV =
" ol
ARB A-5-382 WCREVO165VZ0/WCRYR010I61G 1 09-15-97 CHEYSLYR: CORCORDR; DODGE: INTEEPID =
20LDV22 TV T =
WCRXVOZ2. TVBO /NCRXRO10IGES I 05-2¢-97 CERYSLER: CONCURDE; DODGE: INTREPTD
20LDV23 =
EWO0 WDWAVOL ., 6001 /HDWIRO0I SAOL 1 08-27-97 DAEWOC: LANDS ) §
| 278LDvol TLEY e
[ —-]
—
=
. WDMIVUL. 5501 /WORIROCSSADL 1 08-23-97 DAXWOO: LANOS =
) 17BLDVDE } TLRY =
WIWXV02. 0DO1 /WDWIROOSSACL 1 09-23-97 DARWOO: HUBIRA
176Lbvos TLEV
=] . =
WPMIVE2 . OBFA/WPMIRDUBOEAR 1 07-30-97 FORD: ESCORT WASCH =
30LIVAY =
REVISED 97-30-97 AIDED: PORD : ESCORT =
) LINCOLN-MERCUORY: TRACER KAGON, TRACER
RB A-10-736 WPMXV02 . CATA/WEMXROOSOROE X 97-30-%7 FORD: BSCORT, XSCORT WAGON
3oLovzl :
REVIEED 07-31-57 ADDED: LDCOLN-MERCURY: TRACER, TRACER WAGON




OARP A-10-737

ARE A-2-104

ARBE A-2-105-1-A

EPA 3
1998 NMODEL YBAR CERTIPICATES
Light-Duty Vehicles
with

Onboard Refueling Vapor Recovery
October 3, 1597 .

WPMZVOZ. OALA/WENOROCEOBOR 1 07-31-57 PORD: EICORT, ESOURT WAGDN;
30LoVRS . LINCOLY -MERDURY; ﬂ.\_m, TRACER WAGEN
WPHIVO4 . EABR/NFMIRO11 SEAR 1 09-25-87 FURD: CROWN VICTORIA, CROWN VICTORIA POLICE
apLova? LINCULE-MERCORY: GRAND MARQUIS, TOMN CAR
WPMXVD4 . EAARWPNROLISBAR i 10-02-97 FCRD: CROMN VICIURIA, CROWN VICTORTA POLICE
301ovzes . LINCOLN-MERCURY: GRAND MARQUIS, TOWN CAR
WPJXVO2.2A0A/WFIIR01251EB 1 05-08-57 SUBARD:LEGACY ARD, LBGACY WAGCM AMD,
FUTI-LDV-$B-04 ] DFREZA AND, IMFEEZA WAGON ARD
WEJXV0Z. 2BAR/WFJIR01251EB 1 05-08-97 SUBARU:LEGACY AND, LEGACY WAGON AWD,
FOJI-LDV-3B-05 INFREZR AND, mnxza WAGON AWD
WFJXV02,2BCE/WFIXRD1251EB 1 05-08-37 SUBARD:LEGACY AND, LEGACY WAGON AKD,
FIUI-LDV-58-6 TLEV IMPREZA 2MD, IMPREZR WAGON AWD
WFJIVO2.2BCE/WFIXROI251EE 3  05-08-97 SUHART: LEGACY AND, LEGACY MAGON AWD,
FUSI-LDV-96-07 TLEV IDHFREZA AHD, IMFREZA MAGON AWD
WPJIVO2. 5mcmrmuus:.5n 1 09-02-97 SUBARD: FORESTER ARD
€60LDVOE
WFIIVD2 . SDXD/WFIXRO1251EH 1 09-02-97 SUBARU: PORESTER AND

650LDVYS XV

€0 L6-01-0%

]
.

ka0l

08IV HNY/024A/¥43 MOXd

09689LIGTRIG OL

010/€004



ARE A-6-764

ARE A-6-785

ARE R-6-797-A

ARE A-6-796-A

EFA
1338 MODEL YEAR CERTIFICATRS
Light-Duty Vehicles
with
Onboard Refueling Vapor Recovery
Octcber 3, 1897

WGMIVD]. . 2001/ WGMXRO080902 1 05-27-97 SATIRK: &C, 8L, &W

GM-LIV-58-1% : °

WRXVOL. 5003/ WIRI0S0502 1 05-27-57 SATURN: £C, 6L, SW

GM-LDV-98-12

WRLXTOL. S002/WGKERO080502 3 05-27-97 EATURN: BC, SL, 5W

GM-LDv-58-13 TLEY

WAROCVO1. 9004 /WMIRO0E0502 1 06-05-97 EATIRN: S8, EL, SN

GH-1LDV-28~14 ILEV

WOMEV03. 1041/ WOR01240912 31 06-16-57 CEEVROLET: MALIBU: PONTIAC: GRAND PRIX;
GM-LDV-36-17 EDICK: CENTURY; OLDSMOBILE: CUTLASS
WROCP03 . BO50/WROR013IS1D 1 96-13-37 BUICE: RIVIERA, FARX AVENUE
GN-LDV-98-19

WGNXV03. 8050/ M IRO133518 1 06-13-97 PONTIAC: GRAND FRIX; BUICK: REGAL
GN-LDV-5E-20

WEIVOL . E065 MEMIR023I910 1 06-1%-97 CADILLAC: SEVILLE, CLDSMOBILE: AURORA
GN-1DV-98-23

WHIVOL . 6066 /WEHIR0133910 1 07-01-57 CARDILLAC: SEVILLE; OLDSMOBILE: AURORA
GM-LDV-26

WRXTOI. 8051 /WarEE0123528 1 07-10-37 PONTIAC: GRAND FRIX, BUJCK:REGAL

0900RLOSIMIG 0L XOBAV KAV/QDAA/VAE WORd "tn 16-01-01

0104004




CARB A-6-756-R

CARE A-6-792-A

CARE A-6-754

CARE A-£-7584

CARE A-6-789

CARE h-6-B2Z8-A

EPA . 5
1998 MODEL YRAR CERTIFICATES
Lighkt-Duty Vehicles
with )

Cnboard Refueling Vapor Recovary
Octeber 3, 1987

GN-LDV-28-28
WOMIT03 . BO51/MGMIR0133910 1 07-10-37 BUICK: RIVIERA, FARK AVEROE
4-1DV-98-29
WRXV03.1043/WRIXR0124512 1 07-10-37 CEEVROLET: MALIBU; COLDSMOBILE: CUTLASS;
GM-1DV-58-31 PONTIAC: GRARD PRIX; BUICX CENTURY
WEMIVO3. 804 7/UHCHMIR0132910 1 07-17-37 BUICK: PARK AVENUE
@H-1DV-98-35 .
WEMIVO3. 804 7/WRIRO133I91E 1 07-17-57 | PONTIAC: GRAND PEIX; QLDSMOBILE: INTRIGUE;
GM-LDV-98-36 BUICK: RBGAL
WIMXVO3. 8048 /WROR0133910 1 $7-27-97 BUICK: PARK AVENUR
GN-LIV-58-37 TLEV
HRTVO3. BO4B/WEMIR0133918 i 07-37-58 POYTIAC: GRAND PRIX; OLDSMOBILE: INTRIGUE;
GN-LDV-58-3B Y BUICK: REGAL
WEMEV02. 4024 /WRMIRO124512 1 07-37-97 CEEVROLET: MALIBU; OLDSMOEILE: CUILASS
GN-LDV-38-39
WRMEV02, 4026 /MIR0O124512 1 07-17-87 CHEVROLET: MALISU; GLDSMOBILE: CUILASS
GM-LDV-98-40 TLEV
WZXVO3 . 1044 /W@OR0124912 R 3 05-05-97 CEBVRULET: MALIEY; ULDSMOBILE: CUTLASS B
40LDV42 TLEV

£0 L6-01-0!

.
1

nig!

1048V RNY/0D4A/¥43 MO¥4

0888YLISIVIE 0L

010/5004



iRB A-6-128-R

B A-6-T92-A

HOX MITURS

RB A-23-225 -

B A-23-228

B A-23-226

EFA
1898 MODEL YEAR CERTIFICATES
Ligkt-Duty Vehicles
with
Onboard Refueling Vapor Recovery -
Octcber 3, 1957

WREVO1. 1044 /MIMARD1IIFLE 1 05-05-97 BUICK: CENTURY; PONTIAC: GRAND PRIX
40LOV4e3 . LIV

PRIV0I. 1041 /WMRARO1IITLE 1 08-23-87 PONTIAC GRAKD PRIX; BUICK CERTURY
@4-1DV-90-45 .

WGMIVU3.1043 /WHXROL33928 1 09-23-97 PORTIAC GRAND FRIY; PUICK CENTURY
@4-LIV-98-46

WENIV03.0FL2 /WENTE130AAR 1 ©05-08-97 BCEDA: ACCORD

2E0LDVO8 nEr

WHEXV03 . OFF1 /WENXROLIOAAR 1 09-08-97 BIREDA: ACCORD

260LTVO9

WENIVOZ, 3PA3 /WENXROLIOAAR 1 08-11-97 BCHDA: ACCORD

260LDV10 ixv

VHNIVOZ . 3PLA /WENIRO) 30ARA 1 09-04-57 BCHDA: ACCORD

2601LDV1Y CAL.ULEV - FE2 Ta

WENXVOZ . 3FFLMENIROLIGARA 1 09-08-57 HOKDA; ACCTRD

260L0VIa .

WENIVOZ . 3PL2 /WENKR023QARA 1 - 69-08-97 BOHDA: ACCGRD

260LDV13 TLEV

08BSFLASIHIG OL 0BV MNY/024A/V4T RONd ‘n 16-01-01

. 010/9004




BEYTURDAY

CARE A-254-54

ZARB A-254-55

ARB A-16-224

XPA

199€ MCDEL YEAR CERTIFICATES
Light-Duty Vehicles

with

Onboard Refueling Vapor Recovery

MEYXT1. B2/ MEYZR0)I421E
265LIVO? .

WEYXV02.02GM/MEYXRO1I21IE
265LDV0B

WEYXVO1. §1EL/WEYXRO1341XE
265LDV0S

WHYXV02.01TB/WEXXR01I41EE
265LDVL0

WEMIVOL. BANL /HEMXRO100A01
33BLDVOL

WTFXV02. OVEA/WTEXROI2SEFA
550LDVOS

WIREIVDZ. OVDM/WTEXROLZSETA
S60LTVO7

RTEXVO2. 5VE2/WTRXRDIZSEFA
S60LDVDE

Octcber 3, 1997

3 08-21-97
v

p ) 08-21-97
TLEV
1 08-27-87

1 0B-27-57

1 098-11-57

i D8~11-97

1 08-15-97

i 08-11-97

EYCROAI: TIBURON

KIA: SEPHIA

MNRIDA: 526

MAZDR: 625

MAZDA: 626

{0 L6-01-01

4l

1098V KNY/024A/¥43 MOYS

096851951716 01

gto/L004



EPA 8
1698 MODEL YEAR CERTIFICATES
Light-Duty Vekicles
. - with
- Onboard Refueling Vapor Recovary .
Octcber 3, 1597

DB9ATLISINIG O1  XOQEY KNV/004A/¥4T MOMY .Eﬂ 16-01-01

ma.mrnmiusm 1 09-25-57 WERCEDES-BENZ: K320
ZOCLDVOS ; . v
WMEIVD2 . 3GST/WMEXRII1SMYY 1 09-25-37 MERCEDES-BENZ: SLX230
200LDV10
WMEXTOS . ORE/MMETROLSSMYY 1 09-25%-97 MERCEDES-BENZ: SL500
200LDVIY ) TLEV
WMEIVUE . DENT/RMEXROL SEMYY 2 095-29-937 MERCEURS-BERT: SLEOGD
200LDV12
WITEUEISET {196 & 450) - )
WDSIVD2. 462G/ MDEIR016511R 1 D6-24-97 DIAMOND STAH MOTCRS/MITSUBLSHI: ECLIPSE CONVERT.
186LDVO4 =V
WOSXVE2. 4GPG/WDSIROIES1IA 1 06-24-97 DIAMOND STAR MOUTORS :MITSURISHI BCLIFSE CONVERT.
196LIV06
WDSYVD2 . SGPG/WISIROLESIAA 1 07-02-97 DIAMCND STAR MOTORS/CHRYSLER: EEBRING,
1%61DV08 DODGE RAVENGER
CARE R-252-40 WOSXVU2. 5616/ MDSXRU1E511A 1 07-62-97 CHRYSLER: EEBRING; DODGE:DODGE AVENGER
196LOV09 TLEV
REVISED DATE 07-03-57 0B-12-97

. 010/8004




CARB-A-258-61
CRRE A-14-31%9

CARE A-14-318

ZFPA

with

- T e e e e e e o it et e =

10

1958 MODEL YEAR CERTIFICATES
Light-Duty Vehicles

Caboerd Refueling Vapor Recovery

WSAXV02 . 38D} /MEAXVOOE 0¥D1
470LDVO2

MSAXVD2 . OTD1/WSAXVOOB0YDL
470LOVD3

WIFAV1. 30CHA/WSEIROOESRMA
SUZUR-1DV-98-04

WSEIV1.30LFA/WSEXROOBSEMA
SUZUR-LINV-98-06

WTYXV0Z . 2IBA/WTYIRULISATD
570LDV0Y

WTYIVOZ. 2B/ WIYIRO13SAX]
S5T70LDVEZ

WIYXVOl. BXBA/WTYXROI215AK]
S70LDVOS

NTYZVD1. BDXB /WTYXEOI1IEAXL
5701DV0E

October 3, 1997

1

©8-11-37

45-11-57

06-12-97

D7-03-57

v

07-15-%7

07-31-97

07-25-57

0B-12-97
TLEV

EAAR: SAAB 500, BAAR 500 CONVERTIELE

BAAB: EARB 500, BAAE 900 CONVERTIBLE -

SUZUXI: SWIF?; CEBVROLET:METRO

SUZUXI: SWIFT; CHEVROLET: METRO

-

-

€0 L6-01-01

.
.

nag

1083Y NNY/CD2A/¥41 MOMd

0888%L951 416 0L

010/8004



Lvo

EPa

1358 MODEL YEAR CERTIFICATES

Light-Duty Vehicles
with .

Onboard Refueling Vaper Recovery -

WVVIV2 .43PAL/WVVIRD133PRL
VOLVO-IDV-38-06 TIER 1-FED

WYVIVI . 43TPP/WYVIROLIGEAL
VOLVO-LDV-58+-07

WVVIVZ . 43B0F/WYVIROL1IIPAL
VOLVO-1LIV-38-08

October 3, 1997

1  06-05-%7 VOLVO: 570, V70. C70
& ILEV-CALIY

i 07-22-97 WOLVO: 370, V70

1 ©67-22-97 VOLVO: 8§70, V70

11

£0 L6-01-01

08088L9SIYI6 0L NOGEY NAV/O)dA/YAA lmu.l

. 010/0104




Appendix D

LEAK RATE SIMULATION DATA
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April 2, 1888 (1700)
B.P. 30.13 in. Hg
Temp. €8 deg. F

2 - 0.055" Diameter Holes used to simulate leak rate from El Sobrante Sheli
BAAQMD Fiowrate Data: 0.134 ofm @ 2.00 WC

DetaP  Flowrate Flowrate
in H2O L/min ofm

0.10 0.65 0.0230
0.20 0.94 0.0332

0.30 131 0.0463
0.40 142  0.0501
0.50 1.70 0.0800
1.00 250 0.0883
2.00 358 01264
3.00 435 0.1536
4.00 512 0.1808

5.00 573 02023
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March 31, 1698 (1100)
B.P. 29.77 in. Hg

Temp. 66 deg. F

Pressure/Vacuum Vent Valve

Deta P  Flowrate Fiowrate
in H20 L/min cfm

040 0.0101 0.0004
060 0.0152  0.0005
0.80 -0.0195  0.0007
1.00 00244  0.0009
120 0.0295 0.0010
1.40 0.0348  0.0012
1.60 0.0403  0.0014
1.80 0.0469 0.0017
200 00533 0.0018
220 00606  0.0021
2.40 0.0691 0.0024
2.60 0.0857  0.0030
2.80 0.1250  0.0044
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March 31, 1998 (1700)
B.P. 29.77 in. Hg
Temp. 66 deg. F

Nozzle with Idle Check Valve

DeltaP  Flowrate Fiowrate
in H2O L/min cfm

0.5 ©0.0078 §.0003
100 0.0154  0.0005
1.50 0.0231 0.0008
200 0.0291 0.0010
250 0.0370 0.0013
3.00 0.0430 0.0015
3.50 0.0541 0.0019
400 0.0658 0.0023
450 0.0737  0.0026
5.00 0.0810 0.0029
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SECTION 1
INTRODUCTION

The California Air Resources Board (ARB) is sponsoring a technical evaluation study in
Northern California. The specific test locations are located between Sacramento and the San
Francisco Bay area and are scheduled to take place from fall 1997-fall 1998. The field study
will include the following components:

Field management and coordination.

The selection and use of gasoline dispensing facilities (GDF) as field test sites.

A field test van that will execute ARB's certification and test procedures (C & TP) for
measuring hydrocarbon emissions, pressure, volume and temperature profiles from vapor
recovery systems (VRS) at GDFs.

* A field test van that will execute ARB’s certification and test procedures (C & TP) for
measuring static and dynamic pressure and airfliquid ratios for GDF vapor recovery
systems.

Quality assurance.
Data Management.

The VRS hydrocarbon and performance test measurements are planned for the fall 1997 and
early winter of 1998. Each site-specific test period will take approximately 7 days.

AeroVironment Environmental Services Inc., AVES, has been contracted by ARB to perform the
study design, field measurement program, data processing and reporting for this program. This
quality assurance project plan (QAPP) describes the measurement program to be performed by
AVES. ,

1.1 PROJECT OBJECTIVES

This research project is designed to evaluate the interaction between ORVR-equipped vehicles
and vapor recovery systems (VRS) at gasoline dispensing facilities (GDF). In addition, this
project will determine whether ORVR-equipped vehicles increase or decrease GDF emissions
as a function of VRS design. Specifically, there are three general objectives for this project:

1. Characterize the performance of ORVR system seals in preventing hydrocarbon emissions
at the fillpipe-nozzle interface using both non-vapor recovery system nozzles and nozzles
used with balance and vacuum assist Stage 1l VRS as test cases.

2. Develop, validate and demonstrate methods for simulating the refueling of ORVR-equipped
vehicles at GDFs equipped with balance and vacuum assist VRS.

3. Determine what impact the refueling of ORVR-equipped vehicles have on existing emission
profiles for balance and vacuum assist VRS.

1.2 SCOPE OF WORK
There will be two basic test conditions for this project which will be called test series: the ORVR

simulation model test series and the ORVR impact test series. Each test series will have
unique study designs. However, the ORVR model (i.e., physical device) developed in the

50074-B0O00 {QAPP1) 1-1 A¥ AeroVironment Environmental Services, Inc.



ORVR simulation test series will be used to simulate ORVR equipped cars in the ORVR impact
test series.

ORVR SIMULATION MODEL TEST SERIES

The ORVR simulation model test series is designed to develop physical models that can be
used to simulate ORVR refueling events at GDFs. Implicit in this process are two assumptions
addressing the expected efficiency of ORVR as a hydrocarbon control strategy: (1) ORVR
system seals will not allow any hydrocarbons to escape to the atmosphere at the fillpipe-
dispensing nozzle interface; (2) only air will be returned to the underground storage tank (UST)
when ORVR equipped cars are refueled at GDFs. The objectives of the ORVR simulation
model test series are: :

1. Quantify uncontrolled GDF transfer emissions for the current fleet using Phase Il gasoline
and derive an uncontrolled GDF emission factor to supersede the 8.4 pounds per 1000
gallon value currently used by ARB.

2. Develop physical models (i.e., devices) that will allow simulation of refueling events for
ORVR-equipped cars at GDFs equipped with balance and vacuum assist VRS.

Based on these objectives, there will be three discrete phases to ORVR simulation test series:

1. Development of a device to simulate the refueling of ORVR equipped vehicles at balance
VRS-equipped GDFs.

2. Development of a device to simulate the refueling of ORVR equipped vehicles at vacuum
assist VRS-equipped GDFs.

3. Quantification of transfer emissions at GDFs without VRS.

Device Development to Simulate ORVR Equipped Vehicle Refilling at Balance Vapor
Recovery Systems

A physical modet or “device” will be developed that will allow the simulation of refueling ORVR-
equipped cars at GDFs equipped with balance-type VRS. The device developed will serve as a
prototype to fabricate a number of devices which will {ater be used in the ORVR Impact test
series. The ORVR simulation device for balance VRS will be designed so only air is returned to
the UST during the refueling event. In addition, the ORVR simulation device must adhere to the
following requirements:

Allow fuel to enter the fillpipe.

Allow vapors to leave the filipipe.

Allow air to enter the balance nozzle.

Seal the fillpipe-nozzle interface except for 1 and 3.

Provide the same back pressure:flow ratio found in an unmodified balance VRS.

Provide the same liquid blockage removal performance found in an unmodified balance
VRS.

N o

Functions 1-4 will be confirmed by executing a “sleeve” test defined in ARB TP-201.2 on a
minimum of 10-15 vehicles. The vehicles will be selected based on the criteria defined in the
“100 car matrix” found in ARB TP-201.2A. The ORVR simulation device will be assumed to
meet functions 1-4 when the average performance values of the device agree with the
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performance values generated for unmodified balance nozzles, accounting for the experimental
uncertainty and variation.

Functions 5-6 will be confirmed using ARB test procedures TP-201.4 and TP-201.6. At least
three tests will be performed on a balance nozzle with and without the ORVR simulation device.
The BAAQMD will execute these tests. The ORVR simulation device will be assumed to meet
functions 5-6 when the average performance values of the device agree with the performance
values generated for unmodified balance nozzles, accounting for the experimental uncertainty
and variation.

Confirmation of functions 1-6 will occur at the balance-equipped GDF test conditions tabulated
in Table 1-1. The fuel characteristics and GDF conditions (e.g., fuel temperature) will be
representative of ambient conditions and GDF status the day of the testing. The location of the
testing will be at the balance-equipped GDFs tabulated in Table 1-2. The primary location
refers to the first choice location.

Table 1-1
Vapor Recovery System Test Conditions

_Test Mode | VRS Type | Vent Valve | . Assist Pump Location | Bell: | Incinerator -
2 Balance No N/A No No
3 Balance Yes N/A No No
Table 1-2
Balance VRS Field Test Locations
Vapor Recovery. |~ - WSPA Member. . | .. - Location ... Primary/Secondary -
_System Type - | Company Site Number | S UL T ocation | o
Balance ARCO 3000 Travis Boutevard Primary
#2180 Fairfield, CA
Balance Chevron 1700 Mt. Diablo Secondary
#5595 Martinez, CA
Balance Chevron 2895 N. Main Street Secondary
#94640 Walnut Creek, CA
Balance Chevron 4295 Clayton Road Secondary
#0336 Concord, CA

Device Development to Simulate ORVR Equipped Vehicle Refueling at Vacuum Assist
Vapor Recovery Systems

A physical model or “device” will be designed and fabricated that will allow the simulation of
refuefing ORVR-equipped cars at GDFs equipped with vacuum assist-type VRS. The device
developed will serve as a prototype to fabricate a number of devices which will be used in the
ORVR Impact test series. the ORVR simulation device for vacuum assist VRS will be designed
so only air is returned to the UST during the refueling event. In addition, the ORVR simulation
device must adhere to the following requirements:

Allow fuel to enter the fillpipe during refueling.

Prevent the flow of vapor to the UST.

Control the flow of air into the vapor return line of the VRS.

Provide the same back-pressure:flow ratio as is found in an unmodified vacuum assist VRS.

Rl ol
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5. Provide the same air:liquid ratio as is found in an unmodified vacuum assist VRS. '
6. Provide the same liquid blockage removal performance as is found in an unmodified
balance VRS.

Functions 1-3 will be confirmed by executing a “sleeve” test defined in ARB TP-201.2 on a
minimum of 10-15 vehicles. The vehicles will be selected based on the criteria defined in the
“100 car matrix” found in ARB TP-201.2A. The ORVR simulation device will be assumed to
meet functions 1-3 when the average performance values of the device agree with the
performance values generated for unmodified vacuum assist nozzles, accounting for the
experimental uncertainty and variation. ' .

Functions 4-6 will be confirmed using ARB test procedures TP-201.4, TP-201.5 and TP-201.6.

At least three tests will be performed on a vacuum assist nozzle with and without the ORVR
simulation device. The BAAQMD will execute these tests. The ORVR simulation device will be
assumed to meet functions 4-6 when the average performance values of the device agree with
the performance values generated for unmodified vacuum assist nozzles, accounting for the
experimental uncertainty and variation. Confirmation of functions 1-6 will occur at the same
vacuum assist-equipped GDFs used for the “vapor return” experiments described earlier in this
section.

The location of the testing will be vacuum assist GDFs in the east San Francisco Bay area

- configured with the conditions tabulated in Table 1-3. The locations of the specific test sites are
listed in Table 1-4. The primary location refers to the first choice location. The fuel
characteristics and GDF condition (e.g., fuel temperature) will be representative of ambient
conditions and GDF status the day of the testing.

Table 1-3
Vacuum Assist Vapor Recovery System Test Conditions

Test Mode | VRS Type | Vent Valve Assist Pump Location | Bell | Incinerator:
4 Vacuum Yes Dispenser No No
Gilbarco Assist
5 Vacuum Yes Dispenser Yes No
Dresser Wayne Assist
6 Vacuum Yes Roof ? Perhaps
Hirt Assist _
7 Vacuum Yes Midstream ? Perhaps
Hasstech Assist
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Table 1-4
Vacuum Assist Field Test Locations

Vapor-Recovery -} .. WSPA Member::...:f ‘' . Location Primary/Secondary
System Type ~ Company Site Number *] .- ..o st . Location
Gilbarco Shell 3621 San Pablo Dam Primary
Vacuum Assist El Sobrante, CA
Unocal 6013 119 Red Top Read Secondary
Fairfield, CA
Shell Oil 3035 Geary Blvd. Secondary
San Francisco, CA
Dresser Wayne Chevron 4014 2695 Pincle Valley Road Primary
Vacuum Assist Pinole, CA
Shell 2690 Pinole Valley Road Secondary
Pinole, CA
Chevron 3072 2329 N. Main Street Secondary
Walnut Creek, CA
Shell 708 Admiral Calighgn Lane Primary
Walnut Creek, CA
Hirt Rotten Robbie 36 1515 Danville Blvd. Primary
Vacuum Assist Alamo, CA 94507
Beacon Oil 558 32245 Fremont Bivd. Secondary
Fremont, CA
Olympic 2000 19" Avenue Secondary
San Francisco, CA
Hasstech Unocal 10151 E. 14 Street Primary
Vacuum Assist Oakland, CA
Beacon 594 40500 Fremont Blvd. Secondary
Fremont, CA 94536
Ciympic 3300 Army Street Secondary
‘ San Francisco, CA

Quantification of transfer emissions at GDFs without VRS

Uncontrolled transfer emissions will be quantified at an exempt facility (2 GDF without Stage Il
VRS). Transfer emissions will be quantified used the “sleeve” test in ARB TP-201.2 .
Emissions will be reported as pounds of hydrocarbon emitted per 1,000 gallons of gasoline
dispensed and as grams of hydrocarbon emitted per gallon of fuel dispensed. Transfer
emissions will be measured over the course of a 100 vehicle test as mandated by TP-201.2.

The results of these measurements will be contrasted with the 8.4 pounds of hydrocarbon
emitted 1,000 gallons emission factor, the transfer emission factor calculated in the ORVR
system seal performance test, and published uncontrolled transfer emission factors internal to
mathematical models which are used to evaluate uncontrolled emission factors (e.g., EPA and
SAE models). A list of the exempt stations for use in this test series is tabulated in Table 1-5.
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Table 1-5
Exempt VRS Field Test Locations

| VaporRecovery |- . WSPA Member - -| =~ . ‘Location - .- Primary/Secondary -
System Type -.--|. Company Site Number | <.~ =000 0 00l T Location
Exempt T8D TBD -TBD
TBD TBD - TBD

ORVR IMPACTS TEST SERIES

The primary goal of the ORVR impact test series is to directly quantify the effects that ORVR-
equipped cars will have, in combination with various types of VRS, on GDF vent and fugitive
hydrocarbon emissions. Eight different types of VRS will be evaluated. Tables 1-6 and 1-7
tabulate the various VRS types to be used in this test series. VRS system type will be the
primary independent variable for this test series and vent/ffugitive emissions will be the
dependent variable. The location of the test sites are in the east San Francisco Bay area. A list
of test site locations is tabulated in Table 4-1. These facilities have at least 16 nozzles in
operation.  All emissions testing will be executed in the fall and early winter. Ambient
temperature and pressure conditions and winter fuel will be the secondary independent
variables influencing vent and fugitive emissions variance.

Table 1-6
Vapor Recovery System Test Conditions
Test Mode | VRS Type | VentValve | -Assist Pump Location : | Bell | Incinerator -

1 None No N/A No No

2 Balance 1 No N/A No No

3 Balance 2 Yes N/A No No

4 Vacuum Yes Dispenser No No
Assist 1

5 Vacuum Yes Dispenser Yes No
Assist 2

6 Vacuum Yes Roof ? Perhaps
Assist 3

7 Vacuum Yes o Midstream ? Perhaps
Assist 4 ,

8 Vacuum Yes - ? Perhaps
Assist
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Table 1-7

Vapor Recovery Specifications

VRS Type

=P Manufacturers i o o) e

i Nozzle s -

Balance 1

(Executive Order 52)

Balance nozzles
OPW ill V or Husky V34*
Emcc Wheaton A4005
* - preferred

Balance 2 (Executive Order 52) Balance nozzles
' OPW {ll V or Husky V34*
Emco Wheaton A4005
* - preferred
Vacuum Assist Gilbarco VaporVac OPW Il VAI
{Executive Order 150}
Vacuum Assist Dresser Wayne OPW Il VAI
(Executive Order 153)
Vacuum Assist Hirt Balance nozzles
(Executive Order G-70-33) OPW I V or Husky V34*
old system Emco Wheaton A4005
the new system is not certified * - preferred
Vacuum Assist Hasstech Husky V34 or OPWIii VAI
(Executive Order 7)

(Executive Order 70-164)
the new bootless system

Vacuum Assist Healy
' (Executive Order 70)
{Executive Order G-70-165)
new system

Healy 200/400 (old)
Healy 600 (new system)

Vent and Fugitive Emissions at Uncontrolied GDFs

Vent emissions will be measured continuously at an uncontrolled GDF (i.e., no stage Il VRS) for
at least 48 hours using the relevant methods in ARB TP-201.2. Prior to, and immediately after
the emissions testing, the BAAQMD will assay GDF static pressure using the methodology
specified in ARB TP-201.3. Fugitive emissions il Le quantified later in the Acurex laboratory
using ARB TP-201.2R. '

Vent and Fugitive Emissions at Balance VRS Equipped GDFs

Vent and fugitive emissions will measured at the balance VRS equipped GDF identified as test
modes 2 and 3 in Table 1-6. The balance VRS field test sites listed in Table 1-2 will be used for
the field test sites. The difference between mode 2 and 3 is the presence of a P/V valve on the
vent line. Prior to the initiation of the field emissions test, a one-week record of nozzle product
throughput will be collected. These data will used to identify nozzles which have sufficient
product throughput fo achieve the two test case criteria identified in Table 1-8. For each test
case, the ORVR simulation device(s) will be placed on the number of nozzles required to meet
the per cent of gasoline dispensed for each of the two test cases. Concurrently with the
hydrocarbon measurement procedures, refueling 1998 calendar year automobiles equipped
with ORVR will be cataloged using the list contained in Appendix D as a frame of reference.
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Table 1-8
Criteria for ORVR Simulation Test Cases

. Test Case - | % of Gasoline Dispensing to ORVR Equipped Cars: -
1 5-15
2 20-60

Vent emissions wilt be measured continuously for at least 48 hours. Vent emissions will be
measured pursuant to the specifications of ARB TP-201.2. Fugitive emissions will be quantified
later in the Acurex laboratory using ARB TP-201.2B. Prior to, and immediately after the
emissions testing, the BAAQMD will assay GDF static pressure, dynamic back pressure and
liquid removal performance using the methodology specified in ARB TP-201.3, TP-201.4 and
TP-201.6, respectively. All of the GDF performance and emissions testing will occur in the fall-
winter months. The emission results will be expressed as pounds of hydrocarbon emitted per
1,000 gallons of gasoline dispensed.

Vent and Fugitive Emissions at Vacuum Assist VRS Equipped GDFs

Vent emissions will measured at the vacuum assist VRS equipped GDFs identified as test
modes 4-8 in Table 1-68. The field test locations are tabulated in Table 4-1. Prior to the
initiation of the field emissions test, 2 one-week record of nozzle product throughput will be
collected. These data will used to identify nozzles which have sufficient product throughput to
achieve the two test case criteria identified in Table 1-8. Similar to the balance test sites, for
each test case, the ORVR simulation device(s) will be placed on the number of nozzles
required to meet the per cent of gasoline dispensed for each of the two test cases.
Concurrently with the hydrocarbon measurement procedures, refueling 1998 calendar year
automobiles equipped with ORVR will be cataloged using the list contained in Appendix D as a
frame of reference.

Vent emissions will be measured continuously for at least 48 hours. Vent emissions will be
measured pursuant to the specifications of ARB TP-201.2. Fugitive emissions will be quantified
later in the Acurex iaboratory using ARB TP-201.2B. Prior to, and immediately after the
emissions testing, the BAAQMD will assay GDF static pressure, dynamic back pressure,
air:liquid ratio and liquid removal performance using the methodology specified in ARB TP-
201.3, TP-201.4, TP-201.5 and TP-201.6, respectively. All of the GDF performance and
emissions testing will occur in the fall and early winter months. The emission results will be
expressed as pounds of hydrocarbon emitted per 1,000 gallons of gasoline dispensed.

Development of Emission Factor Models for GDFs

The emissions data collected in both the ORVR simulation test series and the ORVR impact
test series will be used to derive eight emission factor models representing the eight types of
VRS evaluated relative to ORVR/VRS interaction. The independent variable is the percent of
gasoline dispensed to ORVR equipped vehicles and the dependent variable is GDF vent and
fugitive emissions. Each model will predict hydrocarbon emissions from each facility in pounds
per hydrocarbon emitted per 1,000 gallons dispensed as a function of the percent gasoline
dispensed into ORVR-equipped vehicles. Each will address the following emission sources:
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* Transfer emissions from non-ORVR equipped vehicles, adjusting for whether the GDF is

uncontrolled or controlled (i.e., equipped with VRS) for hydrocarbon emissions. VRS
. equipped GDFs will be assumed to be 85% efficient in controiling transfer emissions.

+ Transfer emissions from ORVR-equipped vehicles originating from ORVR systemn seal leaks
as a function of VRS type.
Vent emissions as a function of VRS type.
Fugitive emissions as a function of VRS type.
ORVR canister hydrocarbon losses which will be assumed to be 5% of uncontrolled transfer
emissions as specified in the project RFP.

The independent dependent variable relationship will be evaluated in terms of whether it is
linear or nonlinear.
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SECTION 2
ORGANIZATION AND RESPONSIBILITY
The organization chart for this project is presented in Figure 2-1.
Dr. Robert Grant is the ARB contract officer for this project.

Dr. David Shearer will serve as AVES's project manager. He is responsible for the overall
operation of AVES program. In addition, he is charged with crafting the study design and
QAPP documents, overseeing the field study and drafting the project final reports.

A technical advisory panel (TAP) will provide technical review of project milestones. The TAP
membership consists of the following individuals:

Robert Grant, ARB

James Loop, ARB

Cynthia Castronova, ARB

L aura McKinney, ARB

Ken Kunaniec, CAPCOA

Dave Good, USEPA

Glen Passavant, USEPA

Don Gilson, Western States Petroleum Association (WSPA)

Harold Haskew, American Automobile Manufacturing Association (AAMA)

® & & 9 & & 9 @

Mr. Stefan Unnasch from Acurex Environmental will be the manager of Acurex’s work scope.
He will be responsible for the set-up and operation of the monitoring sites. This includes the
assembling of a field test van and executing the hydrocarbon, pressure, temperature, and flow
measurement and data acquisition procedures as defined in the ARB C & TPs or the project
proposal. :

Mr. Chadd Garretson from Acurex Environmental, a senior measurement engineer, is the field
site manager. He is charged with overall site operations responsibility relative to GDF interface,
equipment set-up and tear down, and execution of the C & TPs.

Mr. Volker Druenert from Acurex Environmental, a senior instrument technician, is responsible
for the calibration, maintenance and daily operation of the VRS and meteorological monitoring
equipment.

Mr. Bernard Leong from Basic Research will assist the Acurex field staff in executing the field
tests.

Mr. Ken Kunaniec from the Bay Area Air Quality Management District is responsible for the pre-
and post-test VRS performance tests.

The performance and system audit responsibilities will be performed by Mr. David Bush,
AeroVironment's manager for quality assurance.

Ms. Lydia Chu, head of the data management group, is responsible for the data reduction.
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Ms. Alison Pollack from ENVIRON is responsible for designing and executing the statistical

. analysis. '

Dr. Suzanne Hering from Aerosol Dynamics is responsible for assisting in crafting the study
design document.

Mr. Sidney Huey from Basic Research is responsible for purchasing the required field test
equipment and data acquisition systems.

Mr. Robert Penny of Robert Penny Enterprise will assist in purchasing the required field test
equipment and data acquisition systems.
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SECTION 3
QUALITY ASSURANCE OBJECTIVES FOR MEASUREMENT DATA
3.1 INTRODUCTION

The Quality Assurance Project Plan defines the data quality goals for the project and the quality
control activities necessary to obtain them. These goals are stated in terms of precision,
accuracy and completeness. Quality Assurance (QA) is defined as independent assessments
of the effectiveness of the measurement program and the quality assurance procedures
employed. This includes both performance and system audits. Quality Control (QC) is defined
as the operational procedures used to evaluate whether a measurement process is generating
valid data. This includes periodic calibrations, duplicate checks, zero-span checks and review
of the data for reasonableness and consistency. QC procedures are used to document claims
of accuracy.

3.2 QUALITY ASSURANCE OBJECTIVES FOR MEASUREMENT DATA

Table 3-1 delineates the QA objectives for all field activities that generate data. These
objectives are presented in terms of accuracy, precision and completeness. The Environmental
Protection Agency (EPA) defines these terms as follows:

* Accuracy is the degree of agreement between the measurement or the average of
measurements for a parameter and the accepted reference or true value. It is the
combination of the bias and precision in a measurement system.

» Precision is the measure of mutual agreement among individual measurements of the same
property.

o Completeness is the measure of the amount of valid data obtained from a measurement
system compared to the amount that was expected to be obtained.
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Table 3-1
Quality Assurance Objectives
Field Measurement Program

Equipment . -1 . Accuragy @ - ~| - . Precision o Data.
e T ST e L e T o | “Completeness
Temperature
Ambient Temperature 0.2 °F 0.2%. 85%
K-type thermocouple ) '
VRS Temperature 0.2°F 0.2%. 85%
K-type thermocouple
Pressure
VRS Pressure Transducers* +0.50% 0.10% 85%
(Omega)
Ambient Pressure* +0.50% 0.10% 85%
Transducers {Sensyn)
Vapor Volume
McMillian 100 Flo-Sen* +3.0% 10% 85%
Roots Meters* +3.0% 10% 85%
Hydrocarbon
Measurement
California Analytical NDIR* 10% 10% 85%
Beckman GC FID* 10% 10% 85%
Horiba GC-FID* 10% 10% 85%
Foxboro OVA* 85%
Ratfisch* 10% 10% 85%
* - Relative to full scale
50074-B000 (QAPP1) 3-2 »¥ AeroVironment Environmental Services, Inc.




SECTION 4
MONITORING PROCEDURES

AVES, in coilaboration with Acurex Environmental Corporation, will execute the GDF
measurement program. The measurement program is designed to conform to the requirements
of the study design document and the ARB C&TPs. The C & TPs specify that hydrocarbon,
pressure, temperature, and flow measurements will be executed at three locations on the site-
specific Phase 1l vapor recovery systems:

e The nozzle/vebhicle interface.
o The product dispenser return vapor line.
¢ The outlet for the underground storage tank vent line.

In addition, for this project the C & TPs define protocols for assessing one other potential
sources of GDF emissions:

» The estimated amount of fugitive emissions leaving site-specific vapor recovery systems as
a function of facility pressure profiles.

These measurements will be executed for both the ORVR simulation model and ORVR impact
test series at the following test points:

e The nozzle/vehicle interface - ORVR simulation model and ORVR impact test series.
+ The product dispenser return vapor line - ORVR impact test series.
+ The outlet for the underground storage tank vent line - ORVR impact test series.

The following discussion describes how the test sites were chosen and the how the parameter-
specific measurements will be executed.

4.1 GASOLINE DISPENSING FACILITY SITE SELECTION PROTOCOL
The criteria for selecting the GDF measurement sites included the following characteristics:

* Proximity to both Sacramento and the San Francisco Bay area. The agreed upon locations
are in the east San Francisco Bay Area within 75 miles of Sacramento.
A product throughput of at least 100,000 gallons per month (> 16 nozzles).
The presence of tank level monitors on the GDF underground storage tank or a
computerized tracking system for product volume.

* The site has one of the seven system types required for the study.
The sites are distributed evenly across the membership of the Western States Petroleum
Association member companies.

Based on these criteria, Table 4-1 lists the sites that will be used for the field study. Within
each site category, the primary site versus secondary sites is specified. This denotation
clarifies which of the sites are backup locations (secondary) and which sites are the first
choices within each vapor recovery category. At least two backup sites for each vapor recovery
system type are identified.
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Table 4-1
Field Test Locations

Vapor Recovery | - . WSPA Member. - - Location - Primary/Secondar
System Type.. |- ' Company Site e B
° .’ii —3_.“ Numbel'" : ; 5 2 LR L :Locaﬁbn:,. E Ll

Exempt T8D TBD TBD
T8D TBD TBD
Balance ARCO 3000 Travis Boulevard Primary
#2180 Fairfield, CA
Chevron 1700 Mt. Diablo Secondary
#5595 Martinez, CA
Chevron 2895 N. Main Street Secondary
#94640 Walnut Creek, CA
Chevron 4295 Clayton Road Secondary
#0336 Concord, CA
Gilbarco Shell 3621 San Pablo Dam Primary
Vacuum Assist El Sobrante, CA
Unocal 6013 119 Red Top Road Secondary
Fairfield, CA
Shell Oil 3035 Geary Bivd. Secondary
San Francisco, CA
Dresser Wayne Chevron 4014 2685 Pinole Valley Road Primary
Vacuum Assist Pinole, CA
Shell 2690 Pinole Valley Road Secondary
Pinole, CA
Chevron 3072 2329 N. Main Street Secondary
Walnut Creek, CA
Shell 708 Admiral Callghgn Primary
Lane
Walnut Creek, CA
Hirt Rotten Robbie 36 1515 Danville Blvd. Primary
Vacuum Assist Alamo, CA 94507
Beacon Qil 558 32245 Fremont Blvd. Secondary
Fremont, CA
Olympic 2000 19" Avenue Secondary
San Francisco, CA
Hasstech Unocal 10151 E. 14 Street Primary
Vacuum Assist Oakland, CA
Beacon 594 40500 Fremont Blvd. Secondary
Fremont, CA 94536
Olympic 3300 Army Street Secondary
San Francisco, CA
Healy Chevron 4400 Piedmont Ave. Primary
Vacuum Assist Oakland, CA
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4.2 METEOROLOGICAL MEASUREMENTS

At each site, ambient meteorological measurements will be data logged continuously during the
C & TP measurement program. The location of the meteorological instrumentation will be in
close proximity to the field test van to facilitate data logging ease. However, recognizing
potential interferences from the field test van, the meteorological tower will be far enough away
to minimize external interferences.

Ambient temperature values will be assessed using an Omega K-type thermocouple probe
integrated with an Action Instruments TC temperature signal conditioner (Model 4351-2000). A
K-type thermocouple functions by measuring the resistance across a thermocouple probe with
a 0-5 volt scale. The temperature signal conditioner is a pulse accumulator which conditions
the temperature resistance signal. A temperature value will be recorded every second and fed
info the data acquisition system.

Ambient pressure will be recorded using a Sensyn Model LM1801 absolute pressure
transducer. As with temperature, a pressure value will be determined every second and will
subsequently be data logged..

4.3 HYDROCARBON MEASUREMENTS

The hydrocarbon measurements will be performed according to the procedures specified in
ARB C & TPs. For this project, there are three relevant certification and test procedures:

TP-201.2 - Determination of Efficiency of Phase Il Vapor Recovery Systems of Dispensing.
Facilittes: The purpose of this test procedure is to determine the percent vapor recovery
efficiency for a vapor recovery system at a GDF. The percent vapor recovery efficiency is the
percent of vapors displaced by dispensing which are recovered by a vapor recovery system
rather that emitted to the atmosphere.

TP-201.2A - Determination of Vehicle Matrix for Phase 1l Vapor Recovery Systems of
Dispensing Facilities: The sample of vehicles to be used in Method TP-201.2 for testing vapor
control systems shall be made up of vehicles representative of the on road vehicle population
in terms of vehicle miles traveled. This calculation procedure produces such a representative
vehicle matrix.

TP-201.2B - Determination of Flow Versus Pressure for Equipment in Phase Il Vapor Recovery
Systems of Dispensing Facilities: The purpose of this test procedure is to determine The
fugitive emissions and the vapor recovery efficiency at GDFs. The mass flux of fugitive
emissions from a dispensing facility is the product of the volumetric flow rate and the flow-
weighted mass per volume concentrations. The volumetric flow rate is based on data for
pressure vs. time from the facility and data for flow vs. pressure from a model of the facility.
The model flow vs. pressure data are to provide a conversion for the facility pressure vs. time
data to flow vs. time data.

The specifics of these test procedures are contained in Appendices A-C. Unless specified in
this document, the hydrocarbon test procedures will be executed as specified in the C & TP.
TP-201.2 and TP-201.2A will be are executed in the field. TP-201.2B will be executed in the
Acurex laboratory as a benchtop experiment with site-specific pressure signatures provided by
the BAAQMD performance tests.
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For the purposes of this project and as specified in TP-201.2, there will be three test locations at
each of the field test sites for the ORVR impact test series (Only Test Point 1 for the ORVR
simulation model test series) where hydrocarbons (temperature, pressure and vapor volume will
also be measured at these test points) will be quantitatively measured (Figure 4-1 [Appendix A,
Figure 1, TP-201.2}):

e Test Point 1 - The nozzle fill neck interface.
» Test Point 2 - The dispenser vapor return line.
« Test Point 3 -The UST vent line outlet.

In addition, an ancillary hydrocarbon detection procedure (measured as percent LEL) will be
executed at only test point one for the purposes of assessing leakage at the vehicle/nozzle
interface.

4.3.1 Analytical Procedures for TP-201.2

As specified in the C & TPs, the hydrocarbon measurements will be performed according to
EPA reference method 25A and 25B. EPA Method 25A describes the determination of total
gaseous organic compound emissions using a flame ionization detector and EPA Method 258
specifies the determination of total gaseous organic compound emissions using a nondispersive
infrared analyzer.

The principle of operation for the flame ionization detector method (EPA 25A) is that a
hydrocarbon gas sample is extracted from the source through a sample line and a glass fiber
filter to a flame ionization analyzer. Results are reported as volume concentration equivalents
of the calibration gas or as carbon equivalents. The principle of operation for the nondispersive
infrared method (EPA 25B) is similar. A hydrocarbon gas sample is extracted from the source
through a sample line and a glass fiber filter to a nondispersive infrared analyzer (NDIR).
analyzer. Results are also reported as volume concentration equivalents of the calibration gas
or as carbon equivalents.

The specifications of the hydrocarbon analyzers to be used for this project are tabulated in
Table 4-2. Based the specifications defined in TP-201.2, the primary distinction between the
sample trains for the FID and NDIR analyzers is that the hydrocarbon sample stream from the
NDIR is returned unaltered from the NDIR outlet to the sample manifold. The hydrocarbon
sample train for each sample points is described in Appendix A for sample points 1-3. The
exception to this reference is for sample point 3. A method developed by AeroVironment for a
UST vent line study (AeroVironment, 1994) will be used. Figure 4-1 illustrates the sample train
to be used for this method.

50074-BO0O0 (QAPP1) 4.4 »¥AeroVironment Environmental Services, inc.




"WiHog Juponuopy sup IMIA Juug, 33wioig punosdsapuny -, HUNDLI

ﬁ HNY L 3DVYHOLS
i ,If aNNOHDHIANN |
\>.n_/ SJOONNNANNRA ////////_////ﬁ//,
20
—<— JUBA 1SN
POPINOL UBLM BAEA
J0 uofie0)

ANd
__“\

Piojjuepy

enm jeul|g =

weoss

e|duies 0) uoy2BULOD Josuag =

10(0wiej0Y) =

dumng =

Jeonpsuei)
WNNIBA- 0113501 =

indino ayuondeie
ou - 80nep wnnoep
- 0IN3BOSJ |RIJUBYIOYY] =

19zhjeuy voqredoIpA} | =
10000 ejleQy =

JBIOWMO) D|U0|20{] =

einjeladug | -

opeydsowie ‘0mssesy =

O Oa=

-
o

O

*S

#¥ AeroVironment Environmental Services, inc.

4-5

50074-B000 (QAPP1)




Table 4-2
Hydrocarbon Analyzer Specifications

Instrument .: . | Analytical | - Test ::| Operating Range. | Use
Model Number:- | Method | - Points - |~ (ppm as C.) o
Horiba FID 3 0-1000 Low sleeve
Model OPE-435 Test Point Used to
Assess
- End of Event
Ratfisch FID 3 0-1000 Vent Line High Flow
Model RS 55CA {100-150 Ipm)
Beckman FID 1 100,000 High Concentration at
Model 400A (0-10%) Nozzle/fillneck Interface
Century OVA FID 3 0-100 Vent Low Flow
Model 128GC Qualitative Measure
to Assess Breakthrough
at P/V Vaive
California Analytical NDIR 2 1,000,000 Return Line
Moedel 100 (0-100%)

An additional hydrocarbon detection procedure will be executed only at test point one. The
purpose of this procedure is to check for hydrocarbon leaks at the nozzle vehicle fillneck
interface. Leaks in excess of 0.1% of LEL will be deemed as not conforming to the maximum
leakage requirements for a vehicle to qualify for additional hydrocarbon testing. The
methodology to execute this procedure is specified in TP-201.2, Sections 5.1 8.1.1.4.2
(Appendix A). The hydrocarbon leak detection will be executed with a combustible gas detector
{Century OVA Model 108), as specified in EPA Method 21.

The duration of the hydrocarbon assessment procedures for each vapor recovery system type
will be at each 48 hours for the ORVR impact test series. For the ORVR simulation test series,
at least 10-15 cars will be evaluated at test point 1. The specific vehicles to be tested are
notated in the 100 car matrix published by ARB. The 100 car matrix is intended to represent
the current fieet mix found on California’s roadways based on vehicle miles traveled. The
refueling events must be for at least X gallons.

The hydrocarbon data will be data logged into the data acquisition system with a data point
collected every second from each of the hydrocarbon analyzers.

4.3.2 Analytical Procedures for TP-201.2B

The procedures for TP-201.2B are contained in Appendix C. The objective this C & TP is to
estimate site-specific fugitive emissions by determining the flow leaving the facility as a function
of VRS pressure signatures. Fugitive emission sources include UST vent lines equipped with
PV valves, “closed” idle nozzle check valves and “closed” overfill drain valves.

Several parameters need to be quantitatively measured to produce a value for fugitive mass
flux including:

¢ Facility VRS volumetric leak flow rate

e Facility VRS pressure profiles
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» Hydrocarbon concentrations (hydrocarbon mass/volume of hydrocarbon emitted
¢ Facility VRS temperate profiles

'To generate the pressure and flow values, the Bay Air Quality Management District will execute

two inch static pressure performance tests (C & TP TP-201.3) at each field test sites. This
procedure pressurizes the entire vapor recovery system to two inches water column. After five
minutes, the VRS pressure is noted and compared to allowable levels. Using standard
engineering principles, the volumetric leak flow rate can be calculated. This value, coupled with
the flow-weighted hydrocarbon mass per volume concentration yields the mass flux of fugitive
emissions leaving the GDF for the TP-201.3 pressure conditions.

Hydrocarbon concentrations (mass/volume) will be assayed at the field test sites at test point 3
with P/V valves in place. Facility pressure and temperature profiles will be coliected during the
execution of TP-201.2 at test points 1-3 for representative facility operating conditions. These
include maximum and minimum facility throughputs and product bulk drops.

To model the facility, a piece of capped PVC pipe will be pressurized using botlle nitrogen. A
small hole will subsequently be added to the PVC pipe such that the flow out that hole equals
the site-specific leak flow rate as a function of pressure (as determined by TP-201.3). Having
established the facility model, volumeilric leak flow rates will be determined for the time
dependent pressure profile conditions found at each field test sites. These data will then be
coupled with the hydrocarbon mass/volume data to produce an estimate of field test site-
specific hydrocarbon fugitive emissions.

4.4 PRESSURE MEASUREMENT

Based the specifications of TP-201.2, pressure readings will be taken at test points 1-3
concurrent with the hydrocarbon measurements. Pressure will be assessed at all of field test
sites for both the uncontrolied and controlled test sites. The specific locations of the pressure
transducers on the sample manifold reiative to the flow measurement devices (roots meter or
flow meter) are noted in TP-201.2 (Appendix A). In general, they are upstream from the
hydrocarbon vapor flow devices. The pressure transducers that will be used are tabulated in
Table 4-3.

Table 4-3
Pressure Transducers
Transducer Make | .- Model . -~} Range-
Omega PX-653-0.025BD5V +0.25in. WC
Omega PX654-01BD5V +1.0in. WC
Omega PX240 +0 2.5in. WC
Omega PX654-50BD5SYV +0 5.0in. WC
Omega . PX654-10BD5V +0 10.0in. WC

4.4.1 Analvtical Procedures for TP-201.2

As is apparent from Table 4-3, a range of differential Omega pressure transducers will be
available for the field technicians. The specific transducer that will be used will depend on the
vapor recovery system pressure profile at the time of the test. For each of the three test point.
locations, the pressure values will be recorded every second and data logged using the test van
data acquisition system.
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In addition to the three test point pressure transducers, at the vent and nozzle locations, a
magnehelic gauge (0-25 in WC) will also be used to assess vapor recovery system pressure.
‘This is feasible because the test system is steady state. The pressure at each of these
locations will be recorded on field data sheets for each refueling episode.

4.5 TEMPERATURE MEASUREMENT

Based on the specifications of the study design document and the relevant C & TPs, at each of
the test site locations in the uncontrolled test series hydrocarbon vapor temperature will be
continuously recorded at test points 1-3 and in the UST for the product dispenser being
evaluated. Hydrocarbon vapor temperature values will also be assayed for test points 1-3 in
the controlled test series depending on the outcome of the uncontrolled test series data
analyses.

4.5.1 Analvytical Procedures for TP-201.2

Temperature will be measured using Omega K-type probe integrated with an Action
Instruments TC temperature signal conditioner {(Model 4351-2000). A K-type thermocouple
probe functions by measuring the resistance across a thermocouple with a 0-5 volt scale. The
temperature signal conditioner is used to convert the thermocouple probe analog output into a
digital signal that can be input into the field test van data acquisition system. The range of the
K-type thermocouple probe is 0-200 °F. The specific locations of the thermocouples probe on
the sample manifold relative to the flow measurement devices (ROOTS® meter or flow
sensors) are noted in TP-201.2 (Appendix A). In general, they are upstream from the
hydrocarbon vapor flow devices. A temperature value will be recorded every second and fed
into the data acquisition system.

4.6 VOLUME MEASUREMENT

Pursuant to the C & TPs specifications, the volume of hydrocarbon vapor will be measured at
test points 1-3 for both the uncontrolled and controlied test series. While TP-201.2 (Appendix
A) specifies the use of rotary positive displacement gas volume meters (e.g., ROOTS® meters)
for this task, previous research has demonstrated that these devices may impede the flow of
hydrocarbon vapors thus underreporting hydrocarbon vapor volume after correcting for
temperature and pressure. An altemative method to quantify hydrocarbon vapor volume was
developed and validated by AeroVironment Inc. (1994) using turbine fiow sensors. Based on
the proposed and accepted methodology for this project, this method will be used at test points
1 and 3 to assay hydrocarbon vapor.

-4.6.1 Analytical Procedures for TP-201.2

MacMillian 100 Flo-Sen turbine flow sensors will be used to measure hydrocarbon vapor
volume at the nozzleffilineck interface and at the outlet of the UST vent line (test points 1 and
3). The range of the flow sensors is 0-100 liters per minute. The principle of operation for the
flow sensors is that a Pelton type turbine wheel is used to determine the flow rate of the
hydrocarbon vapor. As the turbine wheel rotes in response to gas flow rate, electric pulses are
generated. Processing circuitry provides a D.C. voltage output (0-5 V) that is proportional to
flow rate. This voltage output signal will be data logged each second and stored in the field test
van data acquisition system. For these test points, vapor recovery system pressure and
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temperature will be measured at the inlet of the flow sensor. The hydrocarbon sample will be
coliected at the outlet of the flow sensors.

At test point 2, a ROOTS® rotary positive displacement gas meter will be used to quantify
hydrocarbon vapor volume. The ROOTS® meter that will be used is a Dressor Model 3M175.
The ROOTS® meters volume measurements will be electronically logged using a solid state
puiser that transmits 100 pulses per revolution (where one revolution equals 1 cubic feet).
Puises will be totaled using an Action instruments pulse accumulator which provides an
operating range of 0-4180 pulses full scale. These values will be data logged using the field
test van data acquisition system. During data processing, the hydrocarbon vapor volumes will
be corrected for temperature and pressure based on the ambient temperature and pressure
data collected concurrent with the C &TP test series.

4.7 ORVR SIMULATIONS

The ORVR refueling simulations will be executed with physical models that will be designed,
field tested and fabricated based on the performance specifications described in ORVR
simulation test series scope of work. It is anticipated that the balance VRS ORVR simulation
model will be very similar to the neoprene donut toruses that ARB’s Monitoring and Laboratory
Division (MLD) staff has already developed. These devices have been demonstrated to meet
the necessary conditions relative to VRS performance. To revalidate this assumption, a
dynamic back pressure test assembly will be used to demonstrate that the maximum allowable
pressure drops through the refueling system (i.e., a nozzle, vapor hose, swivels and
underground piping) will not be exceeded. The design for the vacuum assist VRS ORVR
simulation model will be developed during the early stages of this project based on the criteria
specified in Section 1.2 of this document.

Once the ORVR simulation test models are developed, validated and fabricated, they will be
used to simulate two levels of ORVR penetration at the field test sites: 5-15% and 20-60%
penetration. In other words, 5-15% and 20-60% of the gasoline product used for refueling
events will be delivered using the ORVR simulation models. The precise levels of penetration
will be determined in consultation with the project Technical Advisory Panel. To further control
for the interaction of ORVR vehicles on VRS performance, the numbers of 1998 ORVR
equipped cars that are refueling at the field test sites will be cataloged based on the data
contained in Appendix D. This information was provided by EPA's Office of Mobile Sources.

4.8 DATA ACQUISITION SYSTEMS

All of the collected independent and dependent measure parameters will be data logged at one
second intervals using a personal computer (PC) based data acquisition system. The PC is
equipped with a 75 megahertz Pentium CPU processor and a standard 1/O board (Model C10-
DAS1-602/16 made by Computer Board) with 16 single ended channels The data logging
computer software is Laboratory Notebook. In addition to PC base data acquisition, strip chart
records will also be used to record the continuous independent and dependent variables.

4.9 PRE-TEST AND POST-TEST MEASUREMENTS (STATIC AND DYNAMIC PRESSURE
AND A/L TESTS)

As specified in the both the uncontrolled and controlled test series study design, prior to and
following the execution of C &TPs, the site-specific vapor recovery systems will be evaluated for
- ARB specified performance. These tests will determine if the VRS are functioning according to
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manufacturers design and ARB mandated performance specifications. Three performance
* tests will be executed by Bay Area Air Quality Management District (BAAQMD) staff who are .
- specially trained to execute these tests. The tests and their respective ARB designations are

listed in Table 4-5.

Table 4-5
ARB Performance Tests

" Variable - 7% - | Measurement Methodology
Static Pressure ARB TP-201.3
Dynamic Back Pressure ARB TP-201.4
Air/liquid Ratio ARB TP-201.5

If the particular VRS that is being tested does not pass the pérformance tests before the
hydrocarbon emission testing is initiated, the VRS will be serviced and retested to assure that
its passes the minimum specifications for vapor recovery system performance.

The performance data for each of the performance tests will be logged onto ARB sanctioned
data sheets and will Iater be included in the project final report. In addition, the site-specific
pressure profiles will be used as input data to execute TP-201.2B, the fugitive emissions C
&TP.

4.9.1 Analvtical Procedures

The analytical procedures for each of the performance tests are found in the ARB C & TPs.

4.10 SITE OPERATING PROCEDURES, QUALITY CONTROL CHECKS AND CALIBRATION

Field test site checks will be performed daily by the fleld test staff to ensure that the test
equipment is properly installed and functioning correctly and that the field test van functioning
according to design. Acurex field staff will be trained for these procedures. Hydrocarbon
analyzer zero-span checks will be performed daily. Calibration of the hydrocarbon analyzers
will be performed at the beginning and end of each site-specific field program. Additional
calibrations will be performed quarterly or when analyzers are repaired and reinstalled.

The meteorological sensors will be calibrated at the beginning of the field measurement
program.

4.10.1 Van Check Procedures

Field test van checks will be performed during each site visit by the site technician following a
format prescribed by the field test station check forms. A model form for a ozone analyzer is
ilustrated in Figure 4-2. A form will be designed that is specific to the field test van.

The purpose of the field test van check is to ensure that the monitoring van is operating
properly. This procedure gives warning of developing equipment problems and identifies
instrument problems.
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KCRA Tower Check List Log

Instrument ltem Checked Reference Ragge Before After
Station Date mm-dd-yy NA
Time hh:mm NA
Checked by Name NA
Chart Recorder {Trace clear NA
Supply > 4 feet NA
Date/Time Mark chart NA
Data Logger Proper time PDT . +/- 2 min
Ozone Sample flow 1.9 Ipm 151020
Daisbi 1008RS Sample frequency [40 K 301048
Analyzer Control frequency |50 K 50
Cell temperature |39deg C 351045
Sample pressure  {atm >0.8
30 ft
400 ft
800 ft
1200 ft
1600 ft
Auto span Record setting
Last A factor NA NA
Last B factor NA NA
Zero check ~[Lamp setting off NA
' Trn-std display 0.010 ppm 005 t0 .015
DAS 0.000 -.005 to .005
Precision check |Lamp setting
Trn-std dispiay 0.100 ppm .090 to .110
Trn-std true 0.090 ppm .081 to .099
DAS 0.090 ppm .081 to .099
% difference 0% +/- 10%
Span check Lamp setting
Trn-std display 0.410 ppm .369 to .451
Trn-std true 0.400 ppm .360 to .440
DAS 0.400 ppm .360 to .440
% difference 0% +/- 10%
Dasibi 1003 Sampie flow 1.9 lpm 1.5t 2.0
Transfer Standard [Sample frequency [40 K 30 to 48
Control frequency |50 K 24 to 30
Cell temperature 139 deg C 3510 45
Auto span Record setting
Last A factor NA NA
Last B factor NA NA
Site pressure 29.9in. Hg NA

Transfer standard true =
{("trn-std” - "trn-std zero")*(29.9/site press")*(273+"cell temp"/313)*"last A")-"last B"
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During each field test van check, the site technician visually inspects the meteorological
sensors, the temperature, pressure, and flow probes, hydrocarbon inlet system (i.e., the sample
manifold) and the hydrocarbon anaiytical equipment.

The field test van has a bound logbook for notating Acurex’'s comments concerning the test van
operation as well as maintaining a record of van maintenance activity. AVES's and Acurex's
procedures require that a logbook entry be made whenever a test van is serviced, checked or
altered. It serves as a legal record of all activities within the field test van and is used to
substantiate the integrity of the collected data.

Once a month, the field site technicians will send copies of all recorded data and logbook pages
to AVES San Francisco for processing.

4.10.2 Quality Control Checks and Frequency

The quality control checks include periodic operational checks of the field instruments by the
' site operator coupled with computerized data screening by AVES Monrovia data processing
operations for outliers.

4.10.2.1 Zero, Span and Precision Checks - Hydrocarbons

Each of the hydrocarbon analyzers will be subjected to a zero and span check on a daily basis
(drift check every 2-3 hours). The zero and span check data will be reviewed daily by an
Acurex data technician.

As specified in EPA Methods 25A and 25B, the FID and NDIR analyzers will be calibrated using
primary gas standards of appropriate concentrations. Standards in excess of 9,000 ppm will be
blended on-site using an Environs mass flow gas dilution system (Series 4000) plus research
grade propane (C;). Other sources of liquid propane may be used if they can be shown to be
equivalent to research grade with reference to instrument respense equivalency {i.e., within 2%
of range for mid-level gas). The span gas concentrations are about 90 percent of the analyzer's
nominal operating range. The measurement system performance specifications will be
+ 3 percent of the span value for zero drift, and calibration drift and + 5 percent for calibration
error.. The frequency of calibration will be daily: prior to testing, two hours after the initial
calibration was executed and at any time a calibration drift is evident. The OVA wiil be
calibrated with a high range and 0 gas.

To perform zero and span checks, a zero concentration and one span concentration is
introduced into each analyzer. The span gas concentrations are about 90 percent of the
analyzer's nominal operating range. The analyzer operates in its normal sampling mode. The
test gas passes through all filters, scrubbers, conditioners and other components used during
normal sampling.

The zero and span data are used to determine whether the analyzer is in need of adjustment
and to evaluate the validity of the data obtained. The following criteria are used in evaluating
the data:

Zero checks-As part of the quality control checks, the daily zero checks should be within 3% of
full scale from the zero value established during the calibration. If on two consecutive zero
checks (at least one day apart) the zero is greater than this tolerance the instrument will be
removed from service, the problem corrected, the instrument calibrated and put back on line. If
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the zero check exceeds 4% of full scale the instrument will be taken off line immediately, a
"hefore" calibration performed, the problem with the instrument corrected and a new "after”
calibration performed. If the zero check exceeds 5% of full scale, serious instrument problems
are present with the monitor and/or calibration system. This is a threshold to invalidate data.
The same action as the 4% criteria should be taken.

Span checks-As part of the quality control checks, the daily, or other interval, span checks (1.5
-2.5 times of the expected concentration) should be within + 10% of span value established
during the calibration. If on two consecutive span checks (at least one day apart) the span is
greater than this tolerance the instrument wili be removed from service, the problem corrected,
the instrument calibrated and put back on line. [If the span check exceeds 15% the instrument
will be taken off line immediately, a "before" calibration performed, the problem with the
instrument corrected and a new "after” calibration performed. [f the span check exceeds 25%,
serious instrument problems are present with the monitor and/or calibration system. This is a
threshold to invalidate data. The same action as the 15% criteria should be taken.

Precision checks will performed each month using a span gas 20% of the hydrocarbon analyzer
range. At least four different measurements will be taken. The mean and standard deviation of
these values will be used to calculate the precision value.

4.10.2.2 Temperature

Temperature quality assurance checks will be executed on a monthly basis using a one point
intercomparison between a field standard (an Campbell 107 naturally aspirated thermometer)
and the K-type thermocouple probe.

4.10.2.3 Pressure

Ambient pressure quality assurance checks will be executed on a monthly basis using a one
point intercomparison between a field standard (a portable altimeter) and the pressure
transducer.

For each of the vapor recovery system pressure transducers that will be used in this study, a
calibration check will be executed prior to and immediately following the test period in
accordance to manufacturers specification.

4.10.2.4 Volume

~ The flow sensors will be calibrated with the ROOTS® meter in the field test van and checked
for proper running order at the onset, during the middle and at the conclusion of the testing for
each field test location., The ROOTS® meters used for this project will be calibrated on an
annual basis.

4.10.3 Calibration Procedures and Frequency

Calibrations establish data accuracy and data comparability by ensuring traceability of the
transfer standards to higher quality standards such as the EPA reference calibration methods
and NIST standards. They also verify instrument operation and response. The requirements
for calibration of air quality instruments and meteorological equipment have been specified by
the EPA (Quality Assurance Handbook for Air Pollution Measurement Systems, Vols. Il and V.
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EPA-600/4-77-027a, 1987, 1989). For some instruments, calibration standards have not been
established and these are calibrated in accordance with AVES's experience.

The standard used to obtain test concentrations for hydrocarbons is specified in the Traceability
Protocol for Establishing True Concentration of Gases Used for Calibration and Audits of
Continuous Source Emission Monitors {Protocol No. 1) (June, 1978) pubiished by the U.S.
Environmental Protection Agency, Office of Air Quality Planning and Standards, Research
Triangle Park. Working standards documentation is maintained in 2 central file at Acurex.

4.10.3.1 Hydrocarbon Calibration Equipnient and Procedure

Once a week, the hydrocarbon instrumentation will be calibrated before the daily zero and span
checks with three gas concentrations: low-level (25-35% of applicable span value), mid-level
(45-55% of applicable span value) : high-level (80-90% of applicable span value). The field
technician will also recalibrate an analyzer whenever the zero, or span checks indicate that
recalibration is necessary or whenever an instrument has been repaired or serviced. For
meteorological instrumentation this interval is once every six months.

4.11 PREVENTATIVE MAINTENANCE

All aspects of maintenance are prescribed and performed according to manufacturer's
specifications, which provides for regular, thorough maintenance of each instrument owned or
operated by AVES or Acurex. Full-scale maintenance of each instrument is performed at
regularly scheduled intervals at AVES's or Acurex’s instrument shop in Monrovia. In addition,
the site technician follows established procedures for regular maintenance, while the instrument
is in the field.

All instruments were serviced prior to field deployment. Except for sample inlet filter changing,
no routine instrument maintenance is required during the monitoring project.

4.11.1 Spare Parts Policy

AeroVironment and Acurex maintains a complete inventory of spare parts and equipment for
this program at its Monrovia and Mountain View facilities. AVES's and Acurex’s parts inventory
is based on both manufacturers' recommendations and its own experience with equipment
problems from both normal operation and vandalism-induced failure.

4.11.2 Training

The site technicians will be trained by Acurex in the following areas:

» Site and field test van check procedure and operation
Equipment maintenance
¢ Record keeping

This training takes place partially through updates and changes to the standard operating
procedures. Constant communication among the site technician and the Field Operations
Manager is also invaluable to the training process.
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SECTION 5

DATA REDUCTION, VALIDATION AND REPORTING

The objective of the data processing and validation effort is a quality assured data base
containing the project monitoring data in a consistent format. The procedures that AVES has
implemented for data processing and validation ensure that reported data are valid and
comparable to those collected by federal, s'ate and local air pollution agencies. These
procedures meet the requirements and guidelines of the Environmental Protection Agency, e.g.,
Appendices A and B of 40 CFR 58; Quality Assurance Handbook for Air Pollution Measurement
Systems, Volumes | and Il (1984, 1987b). Data processing procedures for this program are
discussed below.

5.1 DATA BASE and PROCESSING

At the beginning of the project, before data are forwarded from the field, AVES's database
coordinator, with the aid of the section manager, will create a project database directory. This
directory will contain information specific to the project. A directory entry will be made for each
of the parameter months of data on the database. The following information will be entered into
the project-specific directory:

- project name

- site number(s)

- site name(s)

- component number (e.g., O3=44201)

- reporting period

- status code

- units {(ppm)

- reporting rrecision {specifies number of decimal places)
- outlier flags

- date of last access and update

In the field, data will be collected using data loggers with a capacity to store about two weeks of
data. AVES San Francisco will retrieve the data every two weeks from the Acurex field staff.
The polled data will be autornatically screened for anomalies. Any anomalies will cause AVES's
computer to alert data processing personnel to investigate.

Most data processing activities, including data screening and filtering, universal data editing and
handling, data file indexing and protection will be conducted with the aid of AVESEDMS. The
AVESEDMS database system has been tested and documented completely. AVES's data-
processing stafi includes a database coordinator dedicated to testing, maintaining,
documenting, and controiling AVESEDMS. The following list summarizes some of the data
processing and validation procedures that are handled automatically by application software
and command fanguage procedures.

- Outlier screening of data summaries

- Database loading of data

- Updating of on-line status files

- Database entry and editing

- Database access and process flow control
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- Data flagging

- Data calibration (if required). Data are adjusted by applying the slope and intercept
obtained from the linear regression of the appropriate calibration to the monitored
data.

- Daily data backups

- Database creation and expansion

- Database archival and retrieval

- Creation of routine data summaries

The automation of these processes ensures that these steps will be performed in a consistent
manner that minimizes the potential for processing errors.

Before they are loaded into the database, the data will go through an automatic screening
program that will flag any anomalies. The screening routines will check all data for outliers,
instrument problems, and data system problems. The screening program will test for data that
exceed set minimums, maximums, and rate-of-change values. The data transfer will be
reviewed routinely by data management personnel. Data that are lost can be recovered either
from the data logger printouts or from the floppy diskette backups.

5.2 DOCUMENTATION AND DATA CUSTODY

All documentation and data pertinent to data processing will be shipped to AVES from the field
monthly. The monthly shipment will include site fogs, checklist logs, zero/span checks, and
multipoint calibration resuits. Data processing's procedures include checking the shipment for
completeness and actions required.

Within one working day of receipt, each form of data and documentation will be logged
separately in the incoming data log book for the project. These forms enable prompt
identification of missing documentation and allow data clerks to track missing data.

If documents are missing (for-example, if a checklist log has not been received from a specific
site) or if any problems with the receipt of data arise, the project manager will be informed and
he will take appropriate steps to recover the missing information (such as contacting the station
operator). A correspondence file will be maintained in AVES's data library to ensure total
program documentation; all documentation, including calibration records, data analyses,
summaries and reports will be filed there. The data will be filed in appropriately labeled drawers
and bins. Once the data and documentation have been received, logged in and filed, they will
be available to the data technician to begin processing and validation procedures.

5.3 DATA VALIDATION

All data produced by this project are reviewed before use. AVES data validation procedures
start with observations and reports made by the site operator and continue with review and
analysis of all logs, checklists and data.

All flagged or anomalous data are investigated. Unless there is substantial evidence that
suspect data are erroneous, these data will be retained. AVES's data processing procedures
allow only the project's principal investigator (the project manager for this program) to invalidate
data.
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Zero and span check data for the hydrocarbon analyzers are reviewed routinely as part of the
data validation effort. Data collected during periods when the span response deviates by more
than 25 percent or the zero response deviates by more than 0.025 ppm from true values are
Jinvalidated. Data collected during periods when the span response deviates between 15
‘percent and 25 percent or the zero response deviates between 0.015 and 0.025 ppm are
adjusted using correction factors obtained from the calibration and zero/span checks. The
zero/span checks will be used to determine the affected period and the correction factors used
to adjust the values.

All changes resulting from review of the documentation will be made directly on the raw data
report and comments added as necessary to explain the changes. The raw data reports will be
reviewed to ensure that all outliers have been corrected, replaced by the proper missing data
code, or checked off as valid. Once the raw data have been completely checked, corrected
and signed off by the quality control coordinator, changes will be made to the database and any
necessary correction factors applied.

5.4 FIELD AND LABORATORY PROCEDURES USED TO ASSESS DATA ACCURACY,
PRECISION, AND COMPLETENESS

Data collected during the program will be identified, validated, and reported. When data are
reduced, the method of reduction will be described in the text of the report. Restraints on
statistical inferences will be stated.

Pacific standard time will be referenced during data collection. All field measurement,
meteorological, and laboratory data will be reported consistently, in accepted standard units.

The data will be assessed for accuracy, precision and completeness using the procedures
described in the following subsections.

5.4.1 Accuracy

Accuracy is the difference between the analyzer response and the reference value obtained
during the muitipoint instrument audit.

Accuracy = X 100

where: analyzer value

the true concentration as determined by the audit.

Y
X
5.4.2 Precision

Method precision will be determined from the weekly precision checks. The calculation to be
used is provided in EPA (1987).
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5.4.3 Completeness

For the field sampling and laboratory analyses, completeness is calculated as the ratio of
- acceptable measurements obtained to the total number of planned measurements. This ration
<does not include downtime due to routine zero span and precision checks, calibrations or
audits. Loss of data due to these operations will be minimized to the extent possible through ;
management of the time of when they take place.
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SECTION 6
PERFORMANCE AND SYSTEM AUDITS

The objectives of an auditing program are to ensure the integrity of the data and to assess the
accuracy of the data. Two types of audits are included in an auditing program: systems audits
and performance audits.

A systems audit is an independent qualitative evaluation of the ability of an operation to
generate quality data. Systems audits are conducted to evaluate all field, data processing,
internal reporting, and analysis activities. A systems audit wifll be performed by a member of
AVES's QA Department. The auditor will check that standard procedures are being followed.
Additionally, he will inspect copies of data, calibration factors, and problem reports to verify that
correct protocols have been observed.

A performance audit is an independent guantitative evaluation of the quality of data produced
by the total measurement system, including sample collection, sample analysis and data
processing. It is an assessment of the measurement process under normal operations. A
performance audit will be performed by a AVES QA engineer two weeks after the start of field
sampling. The performance audit will include multipoint audits of all analyzers and
measurement instrumentation. Audit results will be compared against the measurement goals
for accuracy presented in the previous sections.

The audit procedures will conform to guidelines described in the EPA Quality Assurance
Handbook for Air Pollution Measurement Systems, Volumes | (1984) and 1l (1987b).
Procedures are discussed below. Other relevant guidelines are outlined in the EPA Ambient Air
Quality Surveillance Regulations 40 CFR 58, Appendices A through E. Ali instruments and
materials used to perform the audits will be traceable to the National Institute of Standards and
Technology (NIST). A trained quality assurance engineer will perform each audit. Each
member of the AVES quality assurance staff is experienced in on-site audits and in-the-field
quality assurance procedures for air monitoring programs.

6.1 AUDIT EQUIPMENT
. Dilution Systems

The AVES QA Department designated audit calibration units are a Dasibi Mode! 5008 MC and
a Dasibi Model 1009 MC dilution system. Mass flow rates are certified quarterly using a
Meriam laminar flow element, which is a transfer standard for mass flow. AV's primary flow
device is a NIST-certified Bubble-O-Meter. Both the Meriam and Bubble-O-Meter are housed in
the AV QA standards laboratory in Monrovia, California. The audit calibration units are certified
once per quarter.

o Audit Span Gases

Audit gases are analyzed in accordance with the Traceability Protocol for Establishing True
Concentrations of Gases Used for Calibrations and Audits of Air Pollution Analyzers (Protocol

No. 2), May 1987, in the EPA Quality Assurance Handbook for Air_Poliution Measurement
Systems, Volume II, Section 2.0.7. All cylinders are recertified every six months. Cylinder

gases used by AVES are supplied by Scott-Marrin, Inc., Riverside, California.
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»  Ultrapure Air Cylinders

Ultrapure air is used in the performance of the audits of the continuous THC and CO analyzers. . :

Ultrapure air cylinders are obtained from Scott-Marrin, Inc. when the pressure in the cylinder
‘currently in use drops to 300 ib/fin2. Each ultrapure air cylinder, with the exception of that used
to audit the CGO, analyzer, contains a concentration of 350 ppm CO, to simulate ambient air
conditions.

. Ozone Transfer Standard

The EPA technical assistance document, Transfer Standards for Calibration of Air Monitoring
Analyzers for Qzone (September, 1979), EPA-600/4-79-056 has been adopted by the AV QA
department as the guideline for certification and recertification of ozone primary and transfer
standards.

The AV QA primary ozone standard is a Dasibi 1003 RS. Comparison of AV QA's primary
standard with an EPA standard photometer is performed once per year. The QA Department’s
designated ozone transfer standards are a Dasibi 5009 MC Serial Number 281 and a Dasibi
1003 PC Serial Number 5311. These ozone analyzers were converted {o a transfer standard
configuration in accordance with EPA guidelines (September, 1979). Ozone analyzers that are
converted to a transfer standard configuration must be compared to the AV primary ozone
standard by means of a 6 x 6 comparison as the final step in the conversion process. Qzone
transfer standards that are in regular use must be compared by means of a 1x 8 (zero and
seven upscale concentration points) comparison with the AV primary ozone standard twice per
guarter.

e Temperature Sensors
Mercury-in-glass thermometers are compared to the AV QA department’s NIST-traceable
thermometer by an eight-point calibration before their first use in the field. All thermometers are

referenced to this thermometer which is an NIST-traceable Brooklyn thermometer,
Serial number 6D619. All field thermometers are recertified each year.

o Laminar Flow Elements

Laminar flow elements are maintained by AVES's Quality Assurance Department as a
secondary standard. All laminar flow elements are certified annually by an external [aboratory.

¢ Meteorological Instrument Audit Equipment
The device AV uses fo audit horizontal and vertical wind speed sensing systems is an RM
Young Model 18810 Selectable Speed Anemometer drive. Its rotational velocities are certified
quarterly using a Cole-Parmer Model 8211 Phototach.

The wind direction boom alignment is checked with a Brunton Compass. There is no
certification procedure for compasses. The compass is checked for damage before each use.

The relative humidity and dew point audit device is a Psychro-Dyne psychrometer. The wet
and dry bulb thermometers of the psychrometer are certified by comparing there readings with
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an NIST-traceable Brooklyn thermometer, Serial number 6D619. The psychrometer is
recertified each year. :

6.2 PERFORMANCE AUDIT PROCEDURES

As stated previously, AVES conducts performance audits in accordance with procedures
described in the EPA Quality Assurance Handbook for Air Pollution Measurement Systems,
Volumes | (1984} and 1l (1987b).

. CO, CO, and NMHC Analyzers

A muitipoint audit will be performed to obtain the analyzer’s response to a known input. The

audit will be performed by diluting gas concentrations obtained from standard gas cylinders of

CO, CO, and methane using the Dasibi calibrator. This audit will provide the analyzer

response at three evenly spaced span points covering the entire analyzer range and the zero

point. The procedures follow the EPA-recommended methods (EPA, 1987b) and are .
described briefly below.

The audits of the air quality samplers begin with the station technician identifying the
appropriate data channel and taking it off line so that ambient data are no longer being
collected. The sample line or inlet filter is then connected to the Dasibi calibrator via a vented
"T" arrangement that introduces the audit span gas through as much of the normal sampling
train (i.e., filters, scrubbers, etc.) as possible. The analyzers are challenged with specific
concentrations of span gas as follows:

Audit Point Concentration Range
(Percent of scale)

.0
6% to 16%
30% to 40%
70% to 80%

BN =

e Temperature

The temperature-sensing systems are audited by immersing the system thermister together
with an NIST-traceable mercury-in-glass thermometer in the same water bath and comparing
the readings of the thermometer with the DAS at three temperatures across the normal
operating range of the system.

o Flow Meters

The performance of ROOTS® meters and other any other flow devices will be audited using an
appropriate laminar flow element (LFE). The LFE will be placed in-line with the Roots meter.
Measured audit flow rates will be compared the flow rates supplied by the site technician. Site
comparison flow rates shouid correspond to the flow rates used o calculate sample
concentrations. The ambient temperature and atmospheric pressure will be recorded for each
flow rate audited, allowing audit flow rates to be reported in either volumetric or standard units,
using the following equations:

Qg = Qua X (P51 29.92) x (298 / T,)
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va = Qsld X (29.92 / Pa) X (Ta / 298)

where Qg is the flow rate at standard conditions (P = 29.92" Hg, T = 298°C)
Q.. is the volumetric flow rate
P, is the ambient pressure in inches of Hg
T, is the ambient temperature in °C

= Relative Humidity

Relative humidity is audited by calculating the equivalent station dew point temperature from
the station relative humidity and temperature readings and comparing this value with the audit
dew point temperature. The audit dew point temperature is calculated from measurements of
the wet bulb and dry bulb temperatures of the NIST-fraceable thermometers installed in a
Psychro-Dyne motorized psychrometer and the barometric pressure provided by a Peet
Brothers, Ultimeter Model 3 electronic barometer.

* Pressure Transducers

Output from the pressure transducers will be audited by teeing in an incline manometer and
comparing the transducer reading with the manometer reading

= Barometric Pressure

Barometric pressure sensors are audited by a one-point ambient comparison with an audit
barometer.  The audit barometer is a Peet Brothers Ultimeter Model 3 electronic
altimeter/barometer.

* Data Acquisition System

Audit of the strip chart recorders and data loggers will be performed as part of the
instrumentation audit. Since all instrument audit responses are synonymous with data system
response, data system responses are audited as the various instruments interfaced with the
data system are audited. The strip chart recorders and data loggers will be checked for proper
data scanning frequency and clock time.

6.3 SYSTEMS AUDIT

AVES's quality assurance department will perform a systems audit in conjunction with the
performance audit. The EPA has established guidelines for installing and operating air
monitoring programs to assure the collection of accurate, complete, and precise data (EPA,
1987). In addition, vapor recovery test procedures are specified in TP-201 (ARB, 1996). A
systems audit verifies that these guidelines and procedures are being adhered to and that data
of acceptable quality can be collected. It is a qualitative appraisal of the quality
assurance/quality control systems used for each ronitoring sensor.

During the systems audit, the overail organization and operation of the monitoring program is
examined. This includes evaluating sample flow requirements, sampling probe location,
calibration and instrument check procedures, data-processing procedures, instrument operating
range, and quality control procedures and methods. In addition, systemn components will be
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checked for conformity with TP-201 procedures. The audit will be performed using a checklist
to document audit findings and provide a standardized method for performing the systems

. audit.

Upon completion of the systems audit, the auditor will prepare a report detailing deficiencies
found during the audit. in the report, he will, if necessary, recommend actions required to
improve the project and to meet regulatory agency guidelines. Included in the report will be
copies of the systems audit checklist.

Quality assurance will be performed by AVES's Quality Assurance (QA}) department. The QA

department is an independent section of AV and reports findings directly to the project
manager. QA will include both a system audit and a perforrnance audit.

50074-B000 (QAPP1) 6-5 ¥ AeroVironment Environmental Services, Inc.



SECTION 7

REPORTING

7.1 DATA REPORTING

After each major ORVR impact test series (e.g., balance systems), preliminary data reports will
be prepared by AVES and sent to AVES project manager. The data report will include a
description of the measurements and data precision, completeness and blank filter analysis
results.

At the end of the ORVR impact test series field program, the preliminary data will undergo
further validation in preparation for data analysis. Upon completion of this validation task, data
analysis will be executed. The results of this effort will be summarized in a project progress
report and sent to the technical advisor panei.

At the conclusion of all data analysis activities, a draft final report will be completed and
submitted to the TAP for review in a format specified by ARB. Upon receiving their comments,
the project final report will be completed.

Monthly progress reports will be send to the ARB project manager describing progress to date,
expected action items for the following month, and problems or concemns.
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SECTION 8

CORRECTIVE ACTION

Corrective action will be initiated whenever a problem is identified. The goal of corrective
action is to remedy any problem before the project or equipment and/or parameters drop
below the desired accuracy, precision, or completenass.

The data polling scientist or instrument technician are the primary individuals on this project for
identifying problems and initiating corrective action. The local site operator is secondary on
this project for identifying most problems except for those problems that can only be identified
by visual site inspection. Once a problem has been identified, the person who found it will
gither fix it himself or request the project manager for assistance.

Whenever a problem is identified, the project manager will be notified. A computerized copy
of the action report will be filled out using AVES's computerized problem reporting system.
The problem reporting system assures completeness of documentation and automatically
notifies (computer mail) all project personnel about the problem. The project manager is
responsible for appropriate action to maintaining the monitoring objective. For instance, in
order to maintain the 80 percent hydrocarbon sampling completeness goal, if the data poller or
site operator find the analyzer inoperative, the project manager will take action to prevent
more than six days of lost data in a month.
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SECTION 9
SCHEDULE

8.1 STUDY SCHEDULE

The proposed schedule for the uncontrolled and controlled test series are illustrated in
Table 9-1. '
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SECTION 10
REFERENCES

40 CFR 58 (1987). Code of Federal Regulations: Protection of the Environment, Title 40,
Parts 53 to 60. '

Environmenta! Protection Agency: QA/QC Requirements for Reviewing the Data Generated by
Responsible Parties. Unnumbered and undated EPA document.

Environmental Protection Agency (1987a): Ambient Monitoring Guidelines for Prevention of
Significant Deterioration (PSD). EPA Document EPA-450/4-87-007.

Environmental Protection Agency (1987b): Quality Assurance Handbook for Air Pollution
Measurement Systems Vol ll, Ambient Air Specific Methods. EPA Document
EPA-600/4-77-027a.

Environmental Protection Agency (1984): Quality Assurance Handbook for Air Pollution
Measurement Systems. Vol. |, Principles. EPA Document EPA-600/9-76-005.

Environmental Protection Agency (1980). Interim Guidelines and Specifications for Preparing
Quality Assurance Project Plans. EPA Document QAMS-005/80.
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