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I EXECUTIVE SUMMARY

A. Introduction

There is an evaporative emissions effect associated with the mixing (or commingling) of
a gasoline containing ethanol and a gasoline not containing ethanol. The addition of
ethanol to a non-ethanol-blended fuel can increase the Reid vapor pressure (RVP) of
the fuel by up to one pound per square-inch (psi). However, this impact is less when a
fuel produced without ethanol is commingled with a fuel produced with (already
containing) ethanol. This is because the RVP increase from commingling is limited to
that which occurs in the fuel produced without ethanol (the RVP increase has already
been realized in the ethanol-produced fuel). In this case, the commingling impact is
dependent upon the relative proportions of each fuel in the final commingled fuel, as
well as the ethanol content of the fuel produced with ethanol. Because of this, for
example, the maximum RVP increase of commingling a 6 percent ethanol fuel is about
0.7 psi RVP, based on the addition of %5 of a tank of non-ethanol fuel to ¥ of a tank of
ethanol fuel.

Due to the RVP increase associated with commingling, the federal reformulated
gasoline (RFG) regulations prohibit the mixing of ethanol blended gasoline and non-
ethanol blended gasoline in the distribution and marketing system. However, neither
the federal nor the California Phase 3 Reformulated Gasoline (CaRFG3) regulations
prohibit the mixing of ethanol-blended gasoline with non-ethanol-blended gasoline in
vehicle tanks. To date, since virtually all CaRFG has been made with methyl tertiary
butyl ether (MTBE) and little ethanol, this has not been a significant problem in
California. However, as MTBE is phased out of California gasoline, the mixing of a non-
ethanol-blended fuel and an ethanol-blended fuel in vehicle tanks could result in a
significant new source of emissions.

In proposing the CaRFG3 regulations in 1999, staff of the Air Resources Board
(ARB/Board) estimated that the potential impacts of commingling CaRFG3 containing
ethanol with CaRFG3 not containing ethanol in motor vehicle fuel tanks would result in
an average 0.1 psi or less RVP increase in the California gasoline pool. An increase in
the RVP of a gasoline has the practical effect of increasing evaporative emissions from
motor vehicles. To compensate for the anticipated increase in evaporative emissions
due to commingling, the CaRFG3 regulations include a reduced RVP flat limit for
gasoline produced using the revised CaRFG3 Predictive Model. However, due to
uncertainty in the potential commingling impacts, in approving the CaRFG3 regulations,
the Board directed staff to further evaluate the magnitude of the potential real-world
commingling impacts. Staff has completed this further evaluation, and this report
presents their findings.

In addition, the United States Environmental Protection Agency (U.S. EPA) based its
denial of California’s request for a waiver from the federal oxygenate mandate on its
belief that California may have underestimated the emissions associated with
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commingling. As a result, staff's evaluation not only addresses the Board'’s directive,
but also collects data to address U.S. EPA’s concerns about the likely emissions due to
commingling.

B. Findings

Staff performed both simulation modeling and a field study to carry out the Board’s
directive to assess the likely magnitude of commingling impacts associated with the
switch to CaRFG3. Based on the simulation model and field study, staff estimate that
the likely overall RVP increase due to commingling is less than 0.1 psi. As such, the 0.1
psi RVP reduction provided for in the CaRFG3 Predictive Model is sufficiently protective
against an increase in commingling evaporative emissions from gasoline powered
motor vehicles.

Based on ethanol market share of 25 to 65 percent, the modeling work estimated
average RVP increases of 0.06-0.07 psi and 0.06-0.08 psi, for 6 and 7.7 volume percent
ethanol blends, respectively. Staff also investigated the sensitivity of the simulation
model results by varying the assumptions for consumers purchase propensity toward
ethanol fuel. The sensitivity analysis yielded + 0.01 psi RVP variations to the above
estimates. These figures are in good agreement with the field study results that found
the likely commingling impacts were a statewide gasoline pool RVP increase of 0.06-
0.13 psi, with the most likely statewide impact approximately 0.07psi RVP.

The results of ARB’s recent commingling study, based on data collected specific to the
California market place, demonstrates that the original ARB estimated commingling
impact of no more than 0.1 psi increase in RVP in the California gasoline pool is correct,
and that U.S. EPA’s denial of California’s waiver request was inappropriate.

C. Field Study

The first part of staff's evaluation consisted of a field study to collect fuel samples from
in-use vehicle fuel tanks to provide information on the RVP of the gasoline before
fueling. After fueling, a second sample was obtained to provide information on the
increase in RVP due to commingling.

The general approach to obtaining these samples was to have sampling teams present
at retail gasoline stations as consumers arrived to fuel their vehicles. Once permission
from the vehicle operator was obtained, fuel samples were then taken from vehicle fuel
tanks both before and after the vehicles were fueled. In order to determine the
properties of the fuel being used for fueling the vehicles, morning and afternoon fuel
samples were obtained from the gasoline station dispensers. During the sampling,
descriptive information (such as initial vehicle fuel tank level, amount of fuel purchased,
vehicle type, etc) specific to each fueling event was also collected. The fuel samples
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were then analyzed for RVP, oxygenate concentration, and total oxygen content to
determine the actual impacts associated with commingling.

During the months of August and September 2001 staff implemented the fuel sampling
protocol in three regions of the state: Lake Tahoe, the Bay Area, and Los Angeles.
Sampling was performed at a total of 19 different gasoline stations resulting in data
collection for 396 observed fueling events. Four of the 19 stations were dispensing
ethanol-blended fuel. As anticipated, staff was unable to successfully obtain fuel
samples from every vehicle due to various fill-pipe configuration constraints. Of the 396
observed fuelings, 254 complete sets of fuel samples were obtained for an overall
sampling success rate of 64 percent. The model year of vehicles in the sample is
representative of the 2001 statewide passenger car and light-duty truck population.

D. Consumer Fueling Habits

The second part of staff’'s evaluation included gathering information on California
consumer fueling habits. Fueling habits are a critical factor in the evaluation of
commingling impacts. Therefore, it was essential to collect current information specific
to California consumers.

Data collected during the field study portion of staff's evaluation allow observation of
several fueling habits critical to estimating commingling impacts. To supplement the
field information, staff requested gasoline marketers to provide additional information on
motorists fueling habits. Based on the information provided by California gasoline
marketers, staff believes that the fueling data collected in the field study are sufficiently
representative of California consumers for use in a commingling analysis.

E. Simulation Model

In addition to documenting actual impacts of commingling on individual vehicle

fuel tanks from data of the field study, a simulation model was used to estimate the
potential commingling impacts. The simulation model used was developed by Dr. David
M. Rocke, University of California, Davis.

The actual impact on emissions of commingling depends on many variables associated
with the gasoline marketplace and on consumer behavioral patterns. These include
ethanol market penetration, brand loyalty, fuel tank levels prior to fueling, fillup vs. non-
fillup preference, and quantity of fuel purchased. For staff's modeling analysis, the
potential future ethanol market share was assumed to vary from 25 percent to 65
percent of the gasoline market pool.

The field study data drive the simulation model with the following input parameters:
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e overall, almost 50 percent of consumers purchase the same gasoline brand as
their previous fuel purchase;

e about 80 percent of consumers fuel when there is 4 tank of gasoline or less
remaining in their tanks, with more than 40 percent registering nearly an empty
tank;

e more than 50 percent of consumers opt for fillup, and;

e non-fillup consumers purchase on average 7 gallons of fuel, about 1/3 to %2 of an
average tank, assuming most tanks have a capacity between 14 and 20 gallons.

These figures are consistent with data identified in previous commingling studies,
including those by the U.S. EPA staff.

F. Analysis of U.S. EPA Denial of California’s Waiver Request

On April 12, 1999, Governor Davis requested a waiver from the U.S. EPA from the
federal oxygen requirement for federal reformulated gasoline areas. Additional
information supporting the waiver request was submitted to the U.S. EPA as necessary.
The justification for a waiver request was based on the fact that the use of oxygenates,
such as ethanol, increases emissions of oxides of nitrogen (NOx). As a result, the
federal oxygen requirement interferes with the ability of California to meet the national
ambient air quality standards (NAAQS) for ozone and particulate matter (PM), where
NOx is a precursor to both ozone and PM. The CaRFG3 Predictive Model clearly
demonstrates that non-oxygenated fuels can be produced which provide additional NOx
reductions for the state.

In June 2001, the U.S. EPA denied California’s waiver request. In denying the waiver,
the U.S. EPA acknowledged the NOx benefits of non-oxygenated fuels, but believed
that there was too much uncertainty regarding potential increases in volatile organic
compound (VOC) evaporative emissions. The U.S. EPA associated this uncertainty
with uncertainty concerning the magnitude of emissions increase due to fuel
commingling in vehicle fuel tanks, especially in the South Coast Air Quality
Management District (SCAQMD).

The ARB field study data of California consumer fueling habits (brand loyalty, initial tank
level, and frequency of fillup) are similar to the information possessed by the U.S. EPA.
However, in their analysis of commingling U.S. EPA staff modified the data, because of
a stated lack of confidence that the data adequately represent actual fueling habits.
This modification produced lower brand loyalty, lower percent of fillups, and higher initial
fuel tank levels. Each of these changes leads to a higher commingling effect. Moreover,
there is a distinct difference between the ARB’s and U.S. EPA’s analysis in the way
“brand-loyal” consumers (those who always purchase one brand of gasoline) are
handled. While the ARB assumed negligible commingling effects from this group of
consumers, the U.S. EPA assumed the group would contribute to commingling.

' In-Use Volatility Impact of Commingling Ethanol and Non-Ethanol Fuels”, Peter Caffrey and Paul
Machiele, U.S. EPA, Society of Automotive Engineers (SAE) Paper 940765
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Cumulatively, these factors produced an over estimation of potential commingling
impacts by the U.S. EPA staff, at least, by a factor of two.
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Il INTRODUCTION

This chapter provides information on the current requirements for gasoline sold in
California, the State’s phase out of MTBE, and California’s request for a waiver from the
federal oxygen mandate for federal RFG.

A. Current Requirements for California Gasoline

Both state and federal regulations govern California gasoline production.

1. California Regulations

The California Phase 2 Reformulated Gasoline (CaRFG2) regulations were adopted by
the ARB in 1991 and were implemented in 1996. These regulations established a
comprehensive set of specifications, including limits for eight gasoline properties,
including:

Reid vapor pressure

Sulfur content

Benzene content

Aromatics content

Olefins content

50 percent distillation point (T50)
90 percent distillation point (T90)
Oxygen content

The CaRFG2 regulations have provided very significant reductions in ozone and
particulate matter precursor emissions and toxic air pollutants. The emission benefits of
the program have been equivalent to removing 3.5 million vehicles from California’s
roads.

2. Federal Regulations

California gasoline production is also governed by federal RFG regulations enacted by
the U.S. EPA. Nationally, about 30 percent of the gasoline produced must meet these
requirements. These regulations impose emission performance standards in
conjunction with specific requirements for oxygen content (year-round average of 2.0
percent by weight), and limits on benzene content. The federal requirements were
implemented in two phases. The first phase began in 1995 and the second phase
began in December 1999. In the September 15, 1999 Federal Register, the U.S. EPA
made the finding that the emission reduction benefits of California gasoline are at least
as great as those from federal Phase Il RFG.
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For California, the federal RFG regulations were first implemented in 1995 in the South
Coast and San Diego and in 1996 in the Sacramento Metropolitan Region. The South
Coast, San Diego, and Sacramento areas of the State account for about 70 percent of
the gasoline sold in California. Further, the San Joaquin Valley was recently
reclassified by the U.S. EPA as a “severe” ozone non-attainment area and this region
has used federal RFG since December 10, 2002. With the San Joaquin Valley
included in the federal RFG program, approximately 80 percent of the gasoline sold in
California will need to meet both the federal and the more stringent state gasoline
requirements.

Because of the 1990 federal Clean Air Act Amendments (CAAA) requirement that
mandated the use of a minimum oxygen content, the use of oxygenates in California,
and MTBE in particular, has grown significantly.

B. California Phase 3 Reformulated Gasoline

Because of concerns regarding the use of MTBE, on March 25 1999, Governor Gray
Davis issued Executive Order D-5-99 which, among other things, called for the phase-
out of MTBE no later than December 31, 2002. The Governor’'s Executive Order also
directed the ARB to adopt CaRFG3 regulations that will provide additional flexibility in
lowering or removing the oxygen content requirement while maintaining the emissions
and air quality benefits of CaRFG2, and that the U.S. EPA be requested to provide a
waiver from the federal oxygen mandate in California.

In December 1999, the ARB approved the CaRFG3 regulations. These regulations
were designed to prohibit the use of MTBE in the production of California gasoline while
preserving the benefits of the CaRFG2 program. They were also designed to provide
additional flexibility to refiners to produce California gasoline. The CaRFG3
specifications are shown in Table IlI-1.

With the approval of the CaRFG3 regulations, ethanol is the only oxygenate approved
to replace MTBE in California. Therefore, the phase out of MTBE is expected to result
in large-scale replacement of MTBE with ethanol to comply with the federal RFG
oxygen requirement. The addition of ethanol to gasoline results in a non-linear increase
in the fuel's RVP. An RVP increase also results when ethanol blended gasoline is
added to non-ethanol blended gasoline. This is called commingling, and the resulting
RVP increase is called the commingling impact. In general, commingling results in an
increase in evaporative VOC emissions from motor vehicles. In order to maintain the
emissions and air quality benefits of the CaRFG2 program, the ARB included a
reduction in the CaRFG3 Predictive Model® RVP fuel specification of 0.1 psi to offset the
anticipated impacts associated with commingling.

% The Predictive Model is a mathematical set of equations that relate emission rates of certain pollutants
to the values of the eight regulated gasoline properties. To date, most gasoline produced from refineries
in California has been produced according to the Predictive Model.
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Table lI-1:
California Reformulated Gasoline Phase 3 Specifications
Averaging
Property Units Flat Limits Limits Cap Limits
- —————————————————— —— ——————— |
. 1 . 2 Not
Reid Vapor Pressure psi 7.00 or 6.90 Applicable 6.40 —7.20
60’
Sulfur Content ppmw 20 15 30°
Benzene Content Volume % 0.80 0.70 1.10
Aromatics Content Volume % 25.0 22.0 35.0
Olefins Content Volume % 6.0 4.0 10.0
T50 °F 213 203 225
T90 °F 305 295 335
Oxygen Content Weight % 1.8-2.2 Not 0-3.7
’ ’ Applicable ’

CaRFG Phase 3 Predictive Model.
The CaRFG Phase 3 sulfur content cap limits of 60 and 30 parts per million are phased in starting December 31, 2002, and
December 31, 2004, respectively.

The Reid vapor pressure standards apply only during the summer months.
The 6.90 psi standard applies only when a producer or importer is using the evaporative emissions model element of the

However, due to uncertainty in the potential commingling impacts, in approving the
CaRFG3 regulations, the Board directed staff to further evaluate the real-world impacts
of commingling. Staff’s efforts to evaluate these impacts are described in Chapters Il
through VII.

C.

California’s Waiver Request

On April 12, 1999, Governor Davis requested a waiver from the U.S. EPA from the
federal oxygen requirement for federal reformulated gasoline areas. Additional
information supporting the waiver request was submitted to the U.S. EPA as necessary.
The justification for a waiver request was based on the fact that the use of oxygenates,
such as ethanol, increases emissions of NOx from gasoline powered motor vehicles.
As a result, the federal oxygen requirement interferes with the ability of California to
meet the NAAQS for ozone and PM, where NOXx is a precursor to both ozone and PM.
The CaRFG3 Predictive Model demonstrates that non-oxygenated fuels can be
produced which provide additional NOx reductions for the state.

In June 2001, the U.S. EPA denied California’s waiver request. In denying the waiver,
the U.S. EPA acknowledged the NOx benefits of non-oxygenated fuels, but believed
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that there was too much uncertainty regarding potential increases in VOC evaporative
emissions from commingling in vehicle fuel tanks, especially in the SCAQMD. Staff's
evaluation and analysis of U.S. EPA’s denial of California’s waiver request is provided in
Chapter VIII.

D. Executive Order D-52-02

Because of the U.S. EPA’s decision to deny California’s waiver request, between 750
and 900 million gallons of ethanol will need to be imported into the state each year as
soon as the ban on MTBE is implemented. The California Energy Commission (CEC)
and independent consultants have questioned whether the necessary quantity of
ethanol could be efficiently transported to and distributed within California by 2003. In
February 2002, an independent study commissioned by the CEC advised that price
spikes of up to 100 percent are likely if MTBE is phased out with an inadequate supply
of ethanol available and ready for distribution. The independent study also emphasized
that even with an adequate supply of ethanol available and ready for distribution,
phasing out MTBE next year could result in a five to ten percent shortage of gasoline. In
1999, California experienced a supply reduction of similar magnitude due to major fires
and facility outages at two California refineries, and the price of gasoline nearly doubled.

As a result, on March 15, 2002, Governor Davis issued Executive Order D-52-02 that
directs the ARB, by no later than July 31,2002, to provide California refineries an
additional twelve months for the transition from MTBE to ethanol in gasoline. Under the
newly announced timeline, the MTBE phase-out will be accomplished no later than
December 31, 2003. Individual refineries may continue to make the transition to ethanol
earlier than December 2003.

In July 2002, the ARB approved the amendments to the CaRFG3 regulations. The
amendments include a postponement of the prohibition of MTBE and other oxygenates
use in California gasoline, other than ethanol, supplied by refiners and importers from
December 31, 2002 to December 31, 2003.
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M. DESIGN AND IMPLEMENTATION OF THE FIELD STUDY AND OTHER DATA
COLLECTION EFFORTS

In better defining the impacts of commingling in California markets, ARB conducted both
a field study and simulation modeling. This chapter describes the design and
implementation of the ARB field study to evaluate the real-world impacts of
commingling, including staff’s efforts to collect specific information on California
consumer fueling habits.

A. ARB Field Study

The first component of staff's evaluation of the real-world impacts of commingling
CaRFG3 was the implementation of a field study. The field study was intended to
collect real-world information regarding commingling in vehicle fuel tanks, as well as
specific information on consumer fueling habits.

1. Establishment of ARB/Industry Working Group

In developing the scope and mission of a field study, staff formed an ARB/industry
working group in April 2001. This working group was comprised of representatives from
the ARB staff and the oil, ethanol and automotive industries. A list of the companies
and organizations represented in the working group is provided in Appendix A.

Between April and November 2001 the working group met four times.

Staff also used the working group to provide technical comments regarding staff’s
analysis. In April 2002, staff provided a preliminary draft version of staff's analysis to
the working group for comment and feedback. Staff then made appropriate changes to
the analysis based on the working group’s comments. Appendix B contains the
comments received from the working group by staff.

2. Development of Field Study Protocol

Staff’'s goal in conducting a field study was to collect fuel samples from motorist’s fuel
tanks to estimate base fuel RVP as well as verify the estimated increase in RVP due to
commingling. In developing a field study, staff was interested in collecting the following
information:

Initial RVP of vehicle fuel tank (prior to fueling).

RVP of dispensed fuel.

Final RVP of vehicle fuel tank (after fueling).

Total oxygen content of each fuel sample.

Oxygenate types and concentration for each fuel sample.

10
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e Consumer information (such as initial vehicle fuel tank level, amount of fuel
purchased, vehicle type, etc).

Fuel Sampling Protocol: Staff’s initial efforts to implement a field study began with the
development of fuel sampling protocol. The general approach to obtaining these
samples was to have sampling teams present at retail gasoline stations as consumers
arrived to fuel their vehicles. Fuel samples collected through a chilling apparatus were
then taken from vehicle fuel tanks both before and after the vehicles were fueled. In
order to determine the properties of the fuel being used for fueling the vehicles, morning
and afternoon fuel samples were obtained from the gasoline station dispensers. During
the sampling, descriptive information (such as initial vehicle fuel tank level, amount of
fuel purchased, vehicle type, etc) specific to each fueling event was also collected and
noted on field data sheets. The fuel samples were then analyzed for RVP, oxygenate
concentration and total oxygen content to determine the actual impacts associated with
commingling.

While the field study was conceptually straightforward, due to the unique nature of such
a fuel-sampling program, a standardized approved sampling protocol did not exist.
Therefore, the primary focus of the first three working group meetings was the
development of an appropriate protocol. By using various components of existing
American Society of Testing and Materials (ASTM) and ARB fuel sampling test
methods, staff was able to develop an effective fuel sampling protocol that was
accepted by the working group for final implementation.

Samples from the vehicle tanks and the station’s underground tanks were obtained
using ASTM D 5842-95, “Standard Practice for Sampling and Handling of Fuels for
Volatility Measurement”. Since vehicle tanks are not mentioned in the ASTM sampling
method, staff utilized the tank tap portion of ASTM D 5842-95, modified using apparatus
that ARB has successfully used for some time to obtain diesel samples from vehicle
tanks to check for presence of red dye. Special care, including cooling the sample line
and sample container in an ice bath, was taken to ensure that minimal evaporation took
place during the sampling process so that accurate RVP results were obtained.

Prior to the final implementation of the fuel sampling protocol, a trial run was performed
to evaluate the efficacy of the protocol and to provide sampling staff the opportunity to
gain experience and familiarity with the sampling procedure. Staff spent two days in the
field conducting sampling operations at six different gas stations. Based on the trial run
efforts, minor revisions were incorporated into the fuel sampling protocol.

The final fuel sampling protocol is provided in Appendix C.

Fuel Sample Analysis: Fuel sample analysis was performed by laboratory staff of the
ARB. To minimize the amount of handling and the duration of sample storage prior to
RVP analysis, the fuel samples were analyzed for RVP within 24 hours in the ARB’s
mobile laboratory that was located in the general vicinity of the stations participating in
the field study. All samples were analyzed for RVP using ARB’s “Test Method for the
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Determination of the Reid Vapor Pressure Equivalent Using an Automated Vapor
Pressure Test Instrument” (California Code of Regulation (CCR) Title 13 §2297).

After analysis for RVP in the ARB’s mobile laboratory, the fuel samples were
transported to the ARB’s laboratory facilities in El Monte, California. There, the fuel
samples were analyzed for the volumetric amount and type of oxygenate (MTBE,
tertiary amyl methyl ether (TAME), and ethanol) as well as total oxygen content, by
ASTM D 4815-94, “Standard Test Method for Determination of MTBE, ETBE, TAME,
DIPE, tertiary-Amyl Alcohol and C1 to C4 Alcohols in Gasoline by Gas
Chromatography”.

Table 11l-1 provides a summary of the fuel properties analyzed and the analysis method
used.

Table IlI-1:
Methodology for Fuel Sample Analysis

I Fuel Progerg | Units | Analgsis Method I

RVP psi CCR, Title 13 §2297"
Oxygen Content Weight % ASTM D 4815-94
Ethanol Content Volume % ASTM D 4815-94
MTBE Content Volume % ASTM D 4815-94
TAME Content Volume % ASTM D 4815-94

Paragraph (d)(1.0) which specifies a CCR, Title 13 sampling method will be replaced with ASTM D 5842 sampling method
which allows for the use of either 32-0z or 4-o0z bottles.

3. Field Study Areas, Sampling Sites, and Field Sampling

This section describes the areas selected for inclusion in the field study, the sampling
sites selected (including station brand and location) and a discussion of staff’s field
sampling experience.

Field Study Areas: The production, distribution, and marketing of gasoline in California
is essentially divided into two regions, north and south. Refineries in the Los Angeles
area supply the majority of the gasoline used in southern California, and most of the
gasoline used in northern California is supplied by refineries in the Bay Area. These
two large metropolitan areas also account for a large portion of the regional demands.

It was therefore decided that the field study would include each of these areas.

Although at the time there were ethanol-blended fuels being marketed throughout
California, they represented only a small fraction of the total statewide supply.
However, due to the voluntary early phase out of MTBE, ethanol blended fuels were
much more prevalent in the Lake Tahoe area. Therefore, in order to increase the
number of potential commingling events observed during the field sampling, it was
decided this area would also be included in the field study.

12



Draft Assessment of the Real-world Impacts of Commingling California Phase 3 Reformulated Gasoline

Sampling Sites: In identifying potential sampling sites (gas stations) to include in the
field study, California gasoline marketers were asked to provide staff access to stations
in each area. Participation in the field study was purely voluntary on the part of each
gasoline marketer. However, in selecting sampling sites, staff attempted to include
stations dispensing ethanol-blended fuels and non-oxygenated fuels.

In the Lake Tahoe area, nine stations were selected for participation in the field study.
Four sampling sites in the Lake Tahoe area were dispensing ethanol-blended fuels, and
five stations were dispensing non-oxygenated fuels. The following fuel brands were
included as part of the field study in the Lake Tahoe area:

o Lake Tahoe Area (Kings Beach and South Lake Tahoe)
Beacon (2 different stations)

Chevron

Shell (2 different stations)

USA Gasoline (2 different stations)

Fox Gasoline

United Gasoline

VVVVVYVYY

In the Bay Area, six stations were selected for participation in the field study. Because
of the voluntary approach to the field study, staff was unable to secure any sampling
sites dispensing ethanol-blended fuels. However, two stations were dispensing non-
oxygenated regular and mid-grade gasoline. The following fuel brands were included
as part of the field study in the San Francisco Bay area:

> The Bay Area (Campbell, Los Gatos, San Jose, Sunnyvale, and Cupertino)
> ARCO
» Chevron (2 different stations)
» Shell (2 different stations)
» Valero

In the Los Angeles area, four stations were selected for participation in the field study.
Staff had originally planned to include six stations in their assessment. However,
because the planned sampling schedule included September 11, 2001, staff was unable
to perform field sampling on that day. Similar to the Bay Area sampling, due to the
voluntary approach to the field study, staff was unable to secure any sampling sites
dispensing ethanol-blended fuels. All of the Los Angeles area stations were dispensing
oxygenated fuels containing MTBE. The following fuel brands were included as part of
the field study in the Los Angeles area:
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> Los Angeles Area (Hacienda Heights, Azusa, and Glendora)
» ARCO
» Chevron
> Mobil
» Texaco

Field Sampling: During the months of August and September 2001 staff implemented
the fuel sampling protocol in the three areas of the state: Lake Tahoe, the Bay Area,
and Los Angeles. Sampling was performed at a total of 19 different gasoline stations
resulting in data collection for 396 observed fuelings. Four of the 19 stations were
dispensing ethanol-blended fuel. In general, consumers were very willing to participate
in the field study program. However, as anticipated, staff was unable to successfully
obtain fuel samples from every vehicle due to various fill-pipe configuration constraints.
Of the 396 vehicles participating in the field study, fuel samples were obtained from 254
vehicles (before and after fueling samples from the vehicle fuel tank) for an overall
statewide sampling success rate of 64 percent. This information is shown in Table IlI-

2.
Table IlI-2:
Field Sampling Results by Region
No. of Stations
Ty
S| B
§ S S Number of
s é S IS Vehicles Number of
Region Q E E & Particigating Vehicles Samgled
Lake Tahoe 0 5 4 9 175 121
The Bay Area 4 2? 0 6 121 79
Los Angeles 4 0 4 100 54
Statewide Total 8 7 4 19 396 254
Some of fuel dispensed from stations identified as MTBE also contained TAME.
These stations only sold non-oxygenated fuel in their regular and mid-grade gasoline. Their premium grade of
gasoline was oxygenated with MTBE.
B. Data Collection on California Consumer Fueling Habits

The second part of staff’s evaluation of the real-world impacts of commingling CaRFG3
included gathering information on California consumer fueling habits. Fueling habits are
a critical factor in the evaluation of commingling impacts. Data available on consumer
fueling habits prior to the start of the field study were either dated and/or not specific to
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California consumers. Therefore, it was essential to collect current information specific
to California consumers.

Data collected during the field study portion of staff's evaluation allowed estimation of
California motorists fueling habits. Information collected included:

e Whether the consumer purchased the same brand of gasoline during their
previous fueling

Initial fuel tank level

Whether the fueling event was a “fillup” or not

Volume of fuel purchased

Dollar amount of fuel purchased

To supplement the field information, staff requested gasoline marketers to provide
additional information on motorists fueling habits. Based on the information provided by
California gasoline marketers, staff believes that the fueling data collected in the field
study are sufficiently representative of California consumers for use in the commingling
evaluation.

C. Data Handling and Quality Control

In collecting the field study data, staff established uniform data handling procedures to
ensure no losses in the data collected. In addition, thorough data quality assurance and
quality control procedures were utilized during all phases of the evaluation to ensure the
accuracy and completeness of the data.

1. Data Handling

In conducting the field study, two sets of data were collected. The first set of data,
referred to as the field data sheets, contained the information collected in the field.
These data consisted of the specific vehicle fueling information that was documented as
well as information to identify specific fuel samples (before and after fueling) to a
particular vehicle fueling. The field data collected were key data entered into a
spreadsheet at the completion of the fieldwork.

The second data set was the results of the fuel analysis performed by the ARB
laboratory staff. Data from the RVP fuel analysis were provided as paper printouts
generated by the analytical equipment, with each data set identifying the fuel sample
number, as referenced on the field data sheet. These data were key data entered into a
spreadsheet for use in staff's analysis of the field study data results. The data
generated from the oxygen and oxygenate fuel analysis were provided by the ARB
laboratory staff in a spreadsheet format, also referenced by fuel sample number. Once
all the fuel sample analysis data were received, these data were merged with the field
data collected into a single main data file.
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2. Data Quality Assurance/Quality Control

Data quality assurance and quality control were practiced in the field during the
implementation of the field study, in the laboratory during analysis of the fuel samples,
and during key data entry of the field data.

Field Work: In conducting the field study, various techniques were employed to assure
the quality of the field operations. All staff involved in the field operations were
thoroughly trained in the proper implementation of the fuel sampling protocol. As part of
this training, staff spent several hours practicing the fuel sampling procedure on state-
owned vehicles located at the Department of General Services garage in Sacramento.
Additional experience was obtained by conducting a two-day trial run in the Bay Area.
During the trial run, three sampling teams were deployed, conducting sampling
operations at six different gasoline stations. The two-day trial provided invaluable
experience, not only in actual vehicle fuel tank sampling, but also in how to successfully
approach private vehicle owners to obtain their voluntary participation. Obtaining
volunteers in a timely fashion was critical in the conduct of the field operations.

During the field operations, all sampling team members met on a daily basis to discuss
the previous day’s activities. The composition of each sampling team was varied by
rotating individual team members on a daily basis. As resources allowed, an additional
member of the field staff performed oversight activities at all sampling sites. Oversight
activities included helping individual teams with any sampling equipment needs (such
as maintenance or misplaced tools) in addition to critiquing individual team
performance. All field data sheets were reviewed at the end of each day for consistent
proper completion; any resultant questions or concerns were discussed immediately
with associated team members.

Laboratory Analysis: All quality assurance procedures were followed as described in
the applicable ASTM methods. Also, ARB laboratory staff followed appropriate
sampling and analytical quality control procedures, as contained in the Standard
Operating Procedures (SOPs) for the fuel methods as described below. Data on the
quarterly quality control activities of the ARB laboratories are available.

Reid Vapor Pressure Equivalent (SOP MLD 125): At the beginning of each analysis
day, a standard material (usually 2,3-dimethylbutane) was analyzed on each vapor
pressure instrument. The absolute vapor pressure of the standard material must not
differ from the published value by more than 0.15 psi.

Oxygenates in Gasoline (SOP MLD 115): Quality control for this test method occured in
three areas:

1. A quality control standard of known composition was analyzed at the beginning
and end of each day's analyses. The QC standard was also run after every 10
samples if more than 10 samples were being analyzed at one time. The QC
standard's measured concentrations of MTBE, TAME, and ethanol must not differ
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from the known concentrations by more than twice the published repeatability of
ASTM D4815.

2. A blank sample was run at the beginning of each day's analyses. The measured
concentrations of MTBE, TAME, and ethanol in the blank sample must not be
higher than 0.1 mass percent.

3. One sample out of every 10 was analyzed twice in succession. The difference in
oxygenate concentrations measured in the two runs must not exceed the
repeatability of ASTM D4815.

Data Entry: All hard copy of data was reviewed for any apparent errors prior to key
data entry. Once key data entry was complete, the electronic data file was spot
checked against the original hard copy for correctness. After all the data were entered
into one master spreadsheet file, various additional methods (such as filtering, sorting,
and statistical analysis) were used to further audit the data quality.
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IV.  FIELD STUDY DATA AND CONSUMER FUELING HABITS

This chapter discusses staff’'s observations in the field study. It includes information on
the field study data, the representativeness of the sampled vehicles, and the range of
gasoline specifications observed. Also included is staff’s findings regarding California
consumer fueling habits. These fueling habits include information on brand loyalty,
initial fuel tank levels, fillup frequency, and grade purchasing propensity.

A. Field Study Data

A complete set of the field study data is contained in Appendix D. This data set
includes both the individual information compiled from the field data sheets, as well as
the fuel analysis information provided by ARB laboratory staff. The two data sets have
been paired so that the fuel analysis information is associated with the information
collected on a particular field data sheet. However, based on deliberations in the
working group, gasoline brand information is not presented in the field study data
contained in Appendix D.

B. Representativeness of Sampled Vehicles

In evaluating the field study data, staff was interested in determining if the age of the
sampled vehicles was representative of the statewide vehicle population. This
comparison is important to ensure that the vehicles observed in the field study are
representative of the increasingly sophisticated emission control equipment found on
more modern vehicles.

To perform this evaluation, staff compared the relative age of the sampled vehicle in the
field study to that of the 2001 California passenger car and light-duty truck population,
as contained in the ARB motor vehicle emission inventory model, EMFAC 2000 (version
2.02) that was based on California Department of Motor Vehicle (DMV) registration
data. Three observations involving two motorcycles and a ski boat were excluded. This
comparison is shown in Table IV-1, with vehicle age represented in five-year
increments. As can be seen, the vehicle model years observed in each region are
comparable to each other. The overall sample population is very similar to the
statewide vehicle population as contained in EMFAC 2000, which is indicative of the
representativeness of the field study data to the California passenger car and light-duty
truck population.
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Table IV-1:
Vehicle Model Year Comparison Between
EMFAC 2000 and the ARB Field Study

1-5 34% 36% 30% 34% 31%
6-10 28% 31% 26% 29% 25%
11-15 18% 17% 15% 17% 23%
16-20 13% 8% 17% 12% 12%
21-25 3% 3% 5% 4% 4%
26-30 2% 2% 3% 2% 2%
> 30 2% 3% 4% 3% 3%
Total 100% 100% 100% 100% 100%
C. Field Observations of Dispensed Gasoline

In evaluating the commingling impacts observed during the field study, it is important to
first identify the types of fuels being dispensed. Non-oxygenated gasoline was
considered fuel that had an MTBE content of less than or equal to 0.6 volume percent
and an ethanol content less than 0.5 volume percent. MTBE-blended fuel had an
MTBE content greater than 0.6 volume percent, and ethanol-blended fuel had an
ethanol content greater than or equal to 0.5 volume percent. This is summarized in
Table IV-2, along with the observed oxygenate concentrations in MTBE produced and

ethanol-blended fuels.

Table IV-2:
Oxygenate Concentrations Observed in Field Study

Non-Oxygenated <0.5 <0.6 N/A N/A
MTBE-Blended <0.5 >0.6 N/A 7.68 — 13.59
Ethanol-Blended >0.5 <0.6 5.30-5.97 N/A
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It is also important to note that typical California fuels being produced generally have an
RVP of between 6.6 psi and 6.9 psi. The average dispensed fuel RVP measured in the
field study was 6.76 psi. Fuels generally are not produced above 6.9 psi RVP to ensure
that the fuel meets the summertime RVP cap of 7.0 psi currently in effect in California.

D. Characterization of Brand Loyalty

In conducting the field study, staff collected information on the brand loyalty of each
consumer participating in the field study. In collecting these data, each consumer was
asked if a different brand of gasoline was used for the last fueling of the vehicle. Each
consumer response was recorded by staff on the field data sheet as either “yes”, “no”,
or “don’t know”. For the purposes of staff's evaluation, “loyal” consumers were
assumed to be those consumers who answered “no”; “non-loyal” consumers were

assumed to be those consumers who answered “yes”. These data are shown in Figure
IV-1 for each of the three regions in the field study.

Figure IV-1. Gasoline Brand Loyalty* by Region
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As can be seen from Figure IV-1, in the Los Angeles and the Bay Area, over 50 percent
of consumers participating in the field study identified themselves as loyal (used the
same brand of gasoline as their previous fueling). In the Los Angeles area, this
percentage was over 60 percent. Staff believes that the brand loyalty trend in these
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areas is indicative of consumers’ normal, commuter type of behavior where they likely
pass the same fueling stations each day. In these same areas, non-loyal consumers
(those using a different brand of gasoline as their previous fueling) ranged between 30
and 40 percent, with less than 5 percent of consumers unsure of the previous brand of
fuel used.

As compared to the Los Angeles and the Bay Area, the results in the Lake Tahoe area
were significantly different. As can be seen in Figure V-1, in the Lake Tahoe area the
percentage of loyal consumers was slightly more than 30 percent, only about half the
percentage as in Los Angeles and the Bay Area; conversely, the percentage of non-
loyal consumers exceeded 65 percent, nearly twice that in these same two areas. In
considering these results, this trend is expected since the Lake Tahoe region is a
popular tourist destination, and there are fewer “major” brands of gasoline available in
the region. Staff believes that the data are indicative of the need of non-local
consumers to fuel in an unfamiliar area, thereby purchasing the most readily available
fuel, regardless of brand. In reaching this conclusion, staff believes this pattern is likely
atypical of a consumer’s “normal” fuel purchasing patterns.

When the brand loyalty data in the Bay Area and Los Angeles were compared to the
statewide data provided to the staff by gasoline marketers, the field study data were
somewhat higher. Staff believes this is because the loyalty figure observed from the
field study data may include some non-loyal consumers who happened to purchase the
same brand of gasoline twice in a row as they were classified as consumers who
“always” buy the same brand by default based on the wording of the field survey
questionnaire.

Using data from the gasoline marketers, about 40 percent of California consumers
always “use one gasoline brand,” more than 50 percent “use two to three gasoline
brands,” and the remaining “use many gasoline brands.” Rarely, do consumers make
random brand switching. Most of the time, certain distinct patterns are followed. In the
“use two to three brands” case, it is very likely that consumers use one brand for several
consecutive fuelings, and occasionally switch to another brand. This hypothesis is
supported by the field study data where brand loyal consumers represent a somewhat
higher percentage than the “use one brand” case reported by the gasoline marketers.
From a commingling stand point, the frequency with which consumers switch fuel types
is important, not the number of brands being used. As any brand switching may not
necessarily result in commingling when both brands are selling the same type of
gasoline. Because of this, staff believes that the field study loyalty data are reasonable.

E. Initial Fuel Tank Levels
In conducting the field study, staff collected information on the initial fuel tank levels
from each of the vehicles observed. The data are based on a visual observation of the

fuel gauge display in the passenger compartment of the vehicle. These data are shown
in Figure V-2
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As can be seen in Figure 1V-2, almost 90 percent of the vehicles that were observed in
Los Angeles region had fuel tank levels of a quarter tank or less when refueled, with
about 50 percent registering near empty. In the Bay Area, almost 80 percent of the
vehicles had a quarter tank or less, and 40 percent of the vehicles were nearly empty.
However, since Lake Tahoe is generally a tourist destination, staff expected higher
initial fuel tank levels due to visitors unfamiliarity with the region. The data support this
hypothesis, with only about 35 percent of vehicles fueled at or near an empty tank. In
general, though, initial fuel tank levels in each of the three regions were most often
(nearly 80 percent) less than a quarter tank.

These data are consistent with a survey of over 1100 fuelings® by General Motors (GM).
In the GM data, nearly 60 percent of the fuelings occurred with less than 0.2 of the fuel
tank capacity remaining, and about 85 percent occurred with less than 0.3 of the fuel
tank capacity remaining.

Figure IV-2. Distribution of Initial Fuel Tank Levels by Region
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% “In-Use Volatility Impact of Commingling Ethanol and Non-Ethanol Fuels”, Peter Caffrey and Paul
Machiele, U.S. EPA, Society of Automotive Engineers (SAE) Paper 940765.
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F. Characterization of Fueling Events

In conducting the field study, staff also collected information regarding the
characterization of fuelings. For this information, staff collected information on
consumer fuel purchasing patterns regarding the amount of fuel purchased. This
information is shown below in Figure IV-3.

Figure IV-3. Fillup Events by Region

100
S 80
£
5]
>
=60 -
[="
=
=
T 40 -
5
=
S 20
z

0,

Lake Tahoe The Bay Area Los Angeles

In the field study, a “fillup” was recorded as a fueling event where the activation of the
gasoline dispenser’s automatic shut-off function was observed. As can be seen in
Figure IV-3, the highest percentage of fillup events occurred in the Bay Area (over 65
percent), and the fewest fillup events were observed in the Los Angeles area (40
percent) while the Lake Tahoe area figure was in between. Staff believes this translates
into about a 50 percent fillup rate within the State.

Similar to the initial vehicle fuel tank levels observed, the overall data for these three
areas combined are consistent with the GM data reported by Caffrey and Machiele
(SAE 940765). In that work, fillup (as represented by a final fuel tank level after fueling
of 90 or 100 percent of capacity) events represented were nearly 50 percent of the
1,100 fuelings recorded.
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G. Gasoline Grade Preference

In conducting the field study, staff recorded information on the grade of gasoline
purchased for each fueling event observed. Staff then compared this to available data
from the U.S. Department of Energy (U.S. DOE) regarding gasoline sales by grade in
California®, averaged over the same two month period that coincided with the
implementation of the field study. These data are provided in Table IV-3, which shows
the percent of consumers purchasing each of the three grades of gasoline available in
California by region. As can be seen from Table IV-3, the overall vehicle fueling
observations in the field study (by grade) are comparable to the U.S. DOE data of the
statewide gasoline consumption.

Table IV-3:
Grade Selection Comparison Between
U.S. Dept. of Energy and the ARB Field Study

California Consumer Grade Selection
(Percent of Statewide Totals)"
Gasoline The Bay
Grade U.S. DOE Area Los Angeles Lake Tahoe Overall
Premium 13 16 15 9 13
Mid-Grade 15 12 16 13 13
Regular 72 72 69 78 75
Total 100 100 100 100 100

! Totals may not add-up to 100 percent due to rounding.

* U.S. Department of Energy, Energy Information Administration, “Petroleum Marketing Monthly,” August
and September 2001 issues.
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V. FIELD STUDY COMMINGLING RESULTS

This chapter discusses the RVP impacts observed in the field study from mixing
different types of fuels (i.e., non-ethanol, ethanol, etc). The first part of the chapter
discusses each of the various fuel mixing combinations observed. Because a different
commingling impact can be expected with a specific fuel blending combination (ie,
mixing MTBE fuel with MTBE fuel versus mixing ethanol blended fuel with non-
oxygenated fuel), the associated changes in RVP due to each fuel mixing scenario are
also discussed. Based on this, the commingling impacts for each region (based on the
individual fuel mixing scenarios), as well as for the state as a whole, are then estimated.

A. Field Observations of Commingling Impacts

Based on staff's observations, there were five potential fuel-mixing combinations that
occurred during the field study. These fuel-mixing combinations included:

Mixing non-ethanol-blended gasolines.

Mixing ethanol-blended gasolines.

Dispensing ethanol-blended gasoline into non-ethanol-blended gasoline
Dispensing non-ethanol-blended gasoline into already commingled gasoline
Dispensing ethanol-blended gasoline into already commingled gasoline
Dispensing non-ethanol-blended gasoline into ethanol-blended gasoline.

With the exception of the last combination listed above, the RVP characteristics of each
of these fuel-mixing combinations are discussed below. The mixing of non-ethanol
blends into ethanol blends is not further discussed because there were not sufficient
data collected to perform an analysis for this fuel-mixing combination. However, staff
has estimated a commingling impact from this fuel-mixing combination based on
available literature, and it is presented in Table V-6 at the end of this chapter. The fuel-
mixing combinations identified above are inclusive of all the documented fuelings
regardless of fuel grade purchased and brand loyalty.

When evaluating the field data based on the above classifications, it is important to note
that “non-ethanol blends” refer to either non-oxygenated or MTBE produced gasoline.
“Commingled gasoline” refers to gasoline that contains at least 0.5 volume percent
ethanol, but less than 5 volume percent ethanol, regardless of the MTBE content.

1. Mixing Non-Ethanol-Blended Gasolines
In general, the mixing of non-ethanol blended gasoline does not result in a commingling
impact or unexpected increase in RVP of the resulting mixture. Because of this, both

the federal RFG and the CaRFG3 regulations allow for the mixing of non-ethanol blends
in the distribution system as long as any minimum oxygen content requirement is
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satisfied. During the period of time the field study was conducted, nearly 90 percent of
gasolines supplied in California were non-ethanol blends. Because of this, most of the
fuel samples obtained in the field study were non-ethanol blends.

In the field study, staff collected fuel samples from 165 fuelings involving non-ethanol
blends. These data are shown in Figure V-1. The data are graphed according to the
initial and final fuel tank RVP. In using this methodology, staff was able to graphically
illustrate changes in the final fuel tank RVP as compared to the initial fuel tank RVP.
The solid line in Figure V-1 represents no change in fuel tank RVP due to fueling.

Figure V-1. RVP Characteristics of Mixing Non-Ethanol Blended Gasolines
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As can be seen in Figure V-1, on average small increases between the initial and final
fuel tank RVP were observed in the field study data. The changes that were observed
were likely the result of dispensing a higher RVP fuel into a “weathered” fuel in the
vehicle fuel tank. Fuel weathering is a result of lighter, more volatile components
evaporating from the fuel tank during the period between fuelings. This evaporative
loss of volatile components results in a natural reduction in the fuel tank RVP with time.
As a result, when higher RVP fuel is blended with a lower RVP weathered fuel in the
vehicle fuel tank during fueling, the RVP of the existing fuel in the fuel tank increases
linearly towards that of the dispensed fuel.

In light of this mixing of two fuels with different RVPs, staff was interested in evaluating
how the final measured fuel tank RVP compared with what would be predicted due to
the linear RVP response of mixing two dissimilar RVP fuels. To perform this
evaluation, staff determined the initial tank volume prior to fueling as indicated by the
fuel gauge, considering that the vehicle tank included a five percent tank ‘heel’ defined
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as the unusable volume of fuel at the very bottom of a vehicle fuel tank®. In addition,
staff also assumed that five percent of the useable fuel remains even for a vehicle
recorded as an empty tank in the field data. Using these assumptions and the
volumetric amount of fuel dispensed, staff then calculated the theoretical final fuel tank
RVP due solely to the linear contribution of each fuel’'s RVP in the final fuel. This value
will be referred to as the “theoretical RVP”. A more detailed explanation of staff's
methodology is provided in Appendix F.

The results of staff’'s analysis are presented in Figure V-2. The data are graphed
according to the measured final fuel tank RVP and the theoretical RVP. Staff believes
that presenting the data in this manner is a better indicator of commingling impacts.
This is because the theoretical RVP is independent of commingling impacts. Therefore,
an increase in the measured final fuel tank RVP in relation to the theoretical RVP should
represent the commingling impact. The solid line in Figure V-2 represents no change in
fuel tank RVP due to commingling. As can be seen in Figure V-2, most of the data
points are clustered along the solid line, indicating that, as expected, commingling does
not occur when non-ethanol-blended gasolines are mixed.

Figure V-2. RVP Characteristics of Mixing Two Non-Ethanol-Blended Gasolines
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® Support for consideration of a five percent tank heel is provided in the report, “A Vehicle Fuel Tank
Flush Effectiveness Evaluation Program,” Lee J. Grant, Southwest Research Institute, August 20, 2001.
A copy is provided in Appendix E.
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A descriptive statistical analysis of the complete set of fuel characteristics including
mean, median, range, minimum, maximum, and sample count derived from these
fuelings is presented in Appendix G.

Table V-1 summarizes the average measured RVP characteristics of mixing non-
ethanol-blended gasoline in vehicle fuel tanks, as well as the average theoretical RVP
calculated. As can be clearly seen, when non-ethanol fuels are mixed, the final
measured RVP in the vehicle fuel tank is nearly identical to the theoretical RVP
calculated, both of which are also nearly identical to that of the average fuel being
dispensed into the vehicle fuel tank.

In Table V-1, the fact that the average dispensed fuel RVP (6.74 psi) is nearly identical
to the theoretical RVP (6.71 psi) is important. Since the theoretical RVP of mixing two
hydrocarbon fuels should be a linear function of the two fuels RVP and their relative
volume proportions in the blend (i.e., initial and dispensed), a resultant RVP very close
to one of the fuels RVP is indicative of a very high proportion of that fuel in the final mix.
In the case of Table V-1, a significantly high percentage of dispensed fuel in the fuel
tank. This is indicative of very low initial fuel tank levels, and is consistent with the data
presented in Chapter IV which showed a large majority of the fuelings occurred at very
low initial fuel tank levels, generally less than a quarter tank. As a result, the dispensed
fuel RVP dominates the volume-weighted RVP, particularly for fillup fuelings.

Table V-1:
Average RVP Characteristics from the Mixing of
Non-Ethanol-Blended Gasolines’

RVP

Fuel Sample si
Initial Measured 6.63
Dispensed 6.74
Theoretical 6.71
Final Measured 6.72

Based on 160 observed fuelings.

Finally, although staff observed 165 fuelings in this category, the average values
presented in Table V-1 are based on 160 of those events. Data from five fuelings were
not included in this analysis due to the extremely low RVP of the dispensed fuels. The
minimum RVP specification incorporated into the Phase |l federal RFG complex model
is 6.4 psi (40 Code of Federal Regulations[CFR], section 80.45). The RVP of the
gasoline dispensed in these five events was below this minimum RVP specification, and
therefore, did not meet the minimum requirements for federal RFG. Since federal RFG
areas will represent 80 percent of the California gasoline market later this year, staff
does not believe it is appropriate to include those fuels in their statewide analysis as
these fuels are unlikely to be widely distributed in California.
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2. Mixing Ethanol-Blended Gasolines

Similar to non-ethanol-blended gasolines, the mixing of ethanol-blended gasolines does
not result in a commingling impact or unexpected increase in RVP. This is because the
two ethanol fuels have already experienced an increase in their RVPs due to the
addition of ethanol during their production. Mixing them together will not result in any
further increases in their RVP. As a result, when two ethanol fuels are mixed, staff
expected that they should experience the same linear RVP response as mixing non-
ethanol gasolines, and that the measured final RVP should be similar to the theoretical
RVP.

In the field study, staff collected only four fuel samples involving the mixing of ethanol
blended gasolines. These data are presented in Figure V-3. The data are graphed
according to the measured final fuel tank RVP and the theoretical RVP. The solid line in
Figure V-3 represents no change in fuel tank RVP due to commingling. As can be
seen, most of the data points fall along the solid line, indicating that, as expected,
commingling does not occur when ethanol-blended gasolines are mixed.

Figure V-3. RVP Characteristics of Mixing Two Ethanol-Blended Gasolines
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A descriptive statistical analysis of the complete set of fuel characteristics including
mean, median, range, minimum, maximum, and sample count derived from these
fuelings is presented in Appendix H.
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Table V-2 summarizes the average measured RVP characteristics of mixing ethanol-
blended gasoline in vehicle fuel tanks, as well as the average theoretical RVP
calculated. As can be clearly seen, when ethanol-blended fuels are mixed, the final
measured RVP in the vehicle fuel tank is nearly identical to the theoretical RVP
calculated.

Table V-2:
Average RVP Characteristics from the Mixing of
Ethanol-Blended Gasolines'

RVP
Fuel Sample (psi)
Initial Measured 6.76
Dispensed 6.84
Theoretical 6.79
Final Measured 6.79
Based on 4 observed fuelings.
3. Dispensing Ethanol-Blended Gasoline into Non-Ethanol-Blended

Gasoline

As expected, the dispensing of ethanol blended gasoline into non-ethanol blended
gasoline resulted in an overall increase in the RVP of the fuel originally in the fuel tank.
Staff believes that this increase in RVP occurs as a result of two phenomena. First, as
seen previously in the mixing of non-ethanol fuels, adding higher RVP fuel to weathered
fuel in a vehicle fuel tank raises the RVP of the weathered fuel. In addition, the
commingling of ethanol with the original fuel in the tank also increases the RVP of that
fuel. These two mechanisms combined result in the overall measured RVP increase in
the fuel originally in the tank prior to fueling.

In the field study, staff collected fuel samples from 29 fuelings involving dispensing
ethanol-blended gasoline into non-ethanol blends. These data are shown in Figure V-
4. The data are graphed according to the measured final fuel tank RVP and the
theoretical RVP. The solid line in Figure V-4 represents no change in fuel tank RVP due
to commingling. As can be seen, most of the data points are above the solid line,
indicating there is an increase in RVP between the theoretical and final measured fuel
tank RVP.
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Figure V-4. RVP Characteristics of Dispensing Ethanol-Blended into Non-Ethanol-
Blended Gasoline
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A descriptive statistical analysis of the complete set of fuel characteristics including
mean, median, range, minimum, maximum, and sample count, derived from these
fuelings is presented in Appendix I.

Table V-3 shows the average initial and final fuel tank RVP, the average dispensed fuel
RVP, as well as the average theoretical RVP calculated. As can be seen, the data
show that there is an RVP increase due to commingling of about 0.23 psi between the
average theoretical and final fuel tank RVP.

Table V-3:
Average RVP Characteristics from Dispensing Ethanol-Blended
Gasoline into Non-Ethanol-Blended Gasoline'

RVP

Fuel Sample ! gsi !
Initial Measured 6.48
Dispensed 6.84
Theoretical 6.75
Final Measured 6.98

'Based on 29 observed fuelings.
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4. Dispensing Non-Ethanol-Blended Gasoline into Already Commingled
Gasoline

Staff's original expectation of dispensing non-ethanol-blended gasoline into already
commingled gasoline was that an overall increase in the RVP of the fuel being
dispensed into the tank would be observed. This is based on the anticipated
commingling of the dispensed fuel by the ethanol present in the already commingled
fuel in the venhicle fuel tank.

In the field study, staff collected fuel samples from 25 fuelings involving dispensing non-
ethanol-blended gasoline into already commingled fuel. These data are shown in Figure
V-5. The data are graphed according to the measured final fuel tank RVP and the
theoretical RVP. The solid line in Figure V-5 represents no change in fuel tank RVP due
to commingling. As can be seen, most of the data points are above the solid line,
indicating there is an increase in RVP between the theoretical and final measured fuel
tank RVP.

Figure V-5. RVP Characteristics of Dispensing Non-Ethanol Blended Gasoline into
Already Commingled Gasoline
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A descriptive statistical analysis of the complete set of fuel characteristics including
mean, median, range, minimum, maximum, and sample count, derived from these
fuelings is presented in Appendix J.

As can be seen in Figure V-5, similar to the previous fuel-blending scenario discussed,
the results of this fuel-blending combination generally result in an increase in the
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measured final fuel tank RVP as compared to that predicted according to the theoretical
RVP.

Table V-4 shows the average initial and final fuel tank RVP, the average dispensed fuel
RVP, as well as the average theoretical RVP calculated. As can be seen, the data
show that there is an RVP increase due to commingling of about 0.12 psi between the
average theoretical and final fuel tank RVP.

Table V-4:
Average RVP Characteristics from Dispensing Non-Ethanol Blended
Gasoline into Commingled Gasoline’

RVP

Fuel Samgle !ESIE
Initial Measured 6.93
Dispensed 6.77
Theoretical 6.85
Final Measured 6.97

'Based on 21 fuelings.

Although staff observed 24 fuelings in this category, the average values presented are
based on 21 of those events. Data from three fuelings were not included in this analysis
due to the extremely low RVP of the dispensed fuels. The minimum RVP specification
incorporated into the Phase |l federal RFG complex model is 6.4 psi (40,CFR, 80.45).
The RVP of the gasoline dispensed in these four events was below this minimum RVP
specification, and therefore, could not be used in federal RFG areas, which will
represent 80 percent of the California market later this year.

5. Dispensing Ethanol-Blended Gasoline into Already Commingled
Gasoline

Staff did not expect that the mixing of an ethanol-blended gasoline into an already
commingled gasoline would result in a significant increase in RVP. This is because a
commingled fuel has already experienced an RVP increase and staff believed that the
mixing of an ethanol blended gasoline into an already commingled gasoline would result
in little, if any, RVP increase. In addition, since as little as two volume percent ethanol
will effect the full commingling impact, it was expected that additional ethanol would not
cause any RVP increases.

In the field study, staff collected fuel samples from 25 fuelings where a mixing of an
ethanol-blended gasoline into an already commingled gasoline was observed. These
data are shown in Figure V-6. The data are graphed according to the measured final
fuel tank RVP and the theoretical RVP. The solid line in Figure V-6 represents no
change in fuel tank RVP due to commingling. As can be seen in Figure V-6, in general
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there were only minor differences in the final measured fuel tank RVP as compared to
the theoretical RVP, indicating very small commingling impacts were observed.

Figure V-6. RVP Characteristics of Dispensing Ethanol-Blended Gasoline into Already
Commingled Gasoline
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A descriptive statistical analysis of the complete set of fuel characteristics including
mean, median, range, minimum, maximum, and sample count, derived from these
fuelings is presented in Appendix K.

Table V-5 shows the average initial and final fuel tank RVP, the average dispensed fuel
RVP, as well as the average theoretical RVP calculated. As can be seen, the data
show that there is an RVP increase of about 0.03 psi between the average theoretical
and final fuel tank RVP.
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Table V-5:
Average RVP Characteristics from Dispensing Ethanol-Blended
Gasoline into Commingled Gasoline’

RVP

Fuel Sample (psi)

Initial Measured 6.90
Dispensed 6.86
Theoretical 6.88
Final Measured 6.91

'Based on 24 Fuelings

Although staff observed 25 fuelings in this category, the average values presented are
based on 24 of those events. Data from one fueling event were not included in this
analysis due a lack of confidence in the associated data. Data for this event indicated a
1977 Dodge Van with 7/8 initial fuel gage level, initial RVP of 7.56 psi, and an initial
ethanol content of 2 percent, is then filled with 12.5 gallons of a dispensed fuel with an
RVP of 6.75 psi and an ethanol content of 6 percent. The final fuel tank RVP was 8.2
psi. Due to the unconventional fuel characteristics in response to this vehicle’s fueling,
data associated with this event were excluded from the analysis for which the results
are presented in Table V-5.

B. Overall Findings of Field Observations
Based on staff's above analysis, staff estimated the anticipated commingling impact on
the statewide gasoline pool, as well as for the gasoline pools in each of the three areas.

To do this, staff used the commingling impact expected for each of the previously
discussed fuel blending scenarios, collectively shown in Table V-6.

35



Draft Assessment of the Real-world Impacts of Commingling California Phase 3 Reformulated Gasoline

Table V-6:
Commingling Impacts for Various Fuel Blending Scenarios
Commingling
Impact
Fuel Mixing Scenario sARVP, gsi!

Mixing non-ethanol-blended gasolines -0.01
Mixing ethanol-blended gasolines 0.00
Dispensing ethanol blends into non-ethanol blends 0.23
Dispensing non-ethanol blends into ethanol blends 0.37"
Dispensing non-ethanol blends into already commingled 0.12
gasoline

Dispensing ethanol blends into already commingled 0.03
gasoline

This fuel mixing scenario was not addressed in the previous discussion since sufficient data were not collected

in the field study to quantify this value. However, staff estimated this impact using data contained in Figure 3
of “Addition of Nonethanol Gasoline to E10 — Effect on Volatility”, as contained in Appendix L.

To estimate the overall anticipated statewide commingling impact, staff first used the
consumer loyalty information collected in each area, as shown in Figure IV-1. In their
analysis, staff assumed that brand loyal consumers were represented by “Mixing of non-
ethanol blended gasolines” and “Mixing of ethanol-blended gasolines”, which results in
no commingling impacts.

Staff computed the anticipated statewide commingling impacts, summarized in Table V-
8, as a weighted average of the following factors:

e The regional gasoline consumption® fraction as calculated in Table V-7 below.
This fraction was used as a weighting factor for each region’s commingling

contribution.
Table V-7:
1998 Gasoline Consumption by Region'
Redion 1998 Gasoline Consumption Regional Gasoline
9 s1,000 gallons! Consumgtion Fraction

Lake Tahoe 173,999 2%
The Bay Area 3,101,350 33%
Los Angeles 6,074,673 65%

Total 9,350,023 100%

' Source: California Energy Commission, Fuels Office, http://www.energy.ca.gov/fuels/gasoline_stations/index.html

® For staff's analysis, each area was defined as the air basin in which the field sampling occurred, and the
fuel consumption was based on the 1998 fuel consumption for each county comprising the respective air
basins.
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e An average RVP increase of 0.188 psi from the last four fuel mixing scenarios
from Table V-6, assuming that non-loyal consumers were equally represented
by the last four scenarios (i.e., 25 percent of consumers saw an RVP increase
of 0.23 psi, 25 percent of 0.32 psi, etc.). In addition, staff assumed that this
factor is the same across regions.

e The percentage of non-loyal consumers from Figure IV-1. As can be seen in
Figure IV-1, the percentages of loyal and non-loyal consumer observed do
not add up to 100 percent since a small fraction of participants responded
“‘don’t know” when asked whether the current gasoline bought was the same
as their last purchase. To account for the contribution from the “don’t know”
group in the commingling analysis, staff included this group into non-loyal
consumers. Using this methodology, the corresponding non-loyal consumer
figures in Lake Tahoe, the Bay Area, and Los Angeles areas are 69, 42, and
38 percent, respectively.

Staff estimated each region commingling contribution as a product of the above three
factors, as shown in Table V-8. Although the Lake Tahoe region shows a much higher
non-loyal consumer percentage, the gasoline consumption in the region is the least
among the three regions surveyed. As a result, its contribution to the overall statewide
commingling impacts is relatively small (only a 0.003 psi RVP increase). In contrast,
the Los Angeles region yields the highest contribution, 0.046 psi, followed by the Bay
Area, 0.026 psi. The estimated statewide commingling impact, as the sum of the three
regions’ RVP increase, is approximately 0.07 psi.

Statewide Commingling Impacts

Table V-8:

The 2001 ARB Field Study

Regional Gasoline | Ave RVP | Non-Loyal | Regional Commingling
Consumption Increase | Consumer Contribution
Region Fraction (psi) Fraction (psi)’
Lake Tahoe 0.02 0.188 0.69 0.003
The Bay Area 0.33 0.188 0.42 0.026
Los Angeles 0.65 0.188 0.38 0.046
Total 1.00 Statewide Average 0.07

1The sum of regional commingling contributions may be different from the 'Statewide Average' figure due to rounding.
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While staff believes that their assessment has provided a reasonable estimation of the
commingling impact of mixing non-ethanol fuel into already commingled fuel, it
highlights the variability of commingling after the initial commingling event has occurred.
This is because there are a significant number of variables that will influence the
commingling impact, including the ethanol content of the commingled fuel, the number
of subsequent fuelings, and the amount of fuel present prior to fueling. Staff believes
that a more accurate estimation of the commingling impacts of mixing these two fuels
can be achieved through the use of statistical modeling.
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VI.  SIMULATION MODELING OF COMMINGLING IMPACTS

In addition to documenting actual impacts of commingling on individual vehicle fuel
tanks as observed in the field study, a simulation model was used to estimate potential
statewide commingling impacts.

A. Introduction

Using statistical and mathematical approaches, a computer simulation model (model)
can simulate complex consumer fuel purchasing decisions under a variety of different
sets of conditions or scenarios. In the case of commingling, the model would use input
data from assumed conditions that may be prevalent in the future and from field survey
data of consumer fueling habits.

This is useful for several reasons. First and foremost, it allows a commingling impact
analysis to proceed even though some key market factors that may affect the results
are unobserved. In the case of CaRFG3, these factors include ethanol market share,
consumers purchase propensity toward ethanol-blended fuel, and the properties of
future gasoline blends. They are unknown since the use of ethanol as an oxygenate on
a level comparable to MTBE has not yet occurred. In general, to arrive at meaningful
results, reasonable assumptions concerning these factors are necessary.

Consumer fueling habits also play an integral role in commingling analysis. The type
and volume of dispensed fuel as well as remaining fuel in a vehicle fuel tank prior to
fueling influence the RVP of a mixed fuel, and, hence, the commingling impact. As an
example, if consumers always purchased fuel when registering nearly an empty tank,
the volume of remaining fuel would be nearly negligible, greatly minimizing potential
commingling impacts, regardless of the type and volume of fuel being dispensed in
each fueling event.

Laboratory analysis of a fuel tank RVP prior to fueling helps shed some light on a
consumer’s fueling history, e.g., if they had dispensed ethanol-blended fuel in the past.
However, the laboratory testing can not establish sequential fuelings that ultimately led
to a fuel's measured RVP. In the field, staff recorded only two fuelings—the current and
previous. Because of the role consumer fueling habits play in commingling, and the
difficulties in using laboratory analysis to determine the specifics of previous fuelings, a
simulation model is indispensable. The model is capable of simulating a long sequence
of fuelings from a large number of consumers who on average behave similarly to the
consumers observed in field study.

All things considered, commingling analysis is complex. So long as the sampled

consumers are representative of the California consumer population, the simulation
results can be generalized to approximate statewide commingling impacts.
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B. Simulation Model

Staff used a simulation model that was developed by David M. Rocke, Ph.D., University
of California, Davis (UCD), pursuant to an ARB contract, and made available to the
public in 1999. A copy of the FORTRAN source code is attached (Appendix M),
including a user’'s manual.

Using a statistical and mathematical approach, the model makes use of random sample
data, expands the scope of the analysis that may not have been observed in the actual
data by randomly drawing new observations based on the observed parameters of
important variables (e.g., mean and standard deviation of initial fuel tank levels), and, at
the end, summarizes the results. In the process, it also takes into account variation and
uncertainty from which a valid inference can be drawn.

In evaluating commingling impacts, staff began with observations of consumer fueling
patterns, as well as RVP changes in vehicle fuel tanks, from a random sample of the
California motorist population. Staff derived key parameters, means and standard
deviations, from the sample that is assumed governed by certain probability
distributions where variation and uncertainty are considered. The model takes this
information, and simulates consumer fuel buying habits by allowing each individual to
be randomly different from the others; yet, on average, they should mimic the observed
random sample. This randomness is vital as it provides a mean for staff to generalize
the results for the entire population to reach a valid conclusion.

C. Methodology of Simulation Analysis

The field study showed that consumers behave differently across geographic regions in
the state. For example, consumers in Los Angeles showed higher brand loyalty,
refueled when less fuel remained in the vehicle tank, but were less likely to fillup than
consumers in the Bay Area or Lake Tahoe (Figure IV-3). Based on this information,
consumers from each region were analyzed separately to determine commingling
impacts.

1. Loyal Consumers

A key assumption in staff's modeling work was that fueling by those consumers that
used the same brand of gasoline as their previous fuel purchase (“loyal” consumers)
resulted in no or negligible commingling occurring in their vehicle tanks.

The basis for this assumption is that, a fuel station that sells a certain brand of gasoline
is unlikely to sell two types of fuel simultaneously (i.e., non-ethanol and ethanol-blended
gasolines). As a result, loyal consumers get the same fuel type for every fueling, so the
mixing of non-ethanol and ethanol-blended gasolines, on which the commingling
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analysis is based, will not occur. Ideally, fuel-type loyalty data should be used instead
of brand loyalty to assess the commingling impacts. However, in the absence of fuel-
type loyalty data, brand loyalty data are the best surrogate data. More discussion on
brand loyalty data is provided in the next section.

2. Non-Loyal Consumers

Staff then used the UCD model to simulate a wide range of scenarios of commingling
impacts for “non-loyal” consumers in each region. To develop a statewide average of
commingling impacts, the contribution from non-loyal consumers toward commingling in
each region was weighted by the corresponding proportion of non-loyal consumers and
gasoline consumption, as described in Chapter IV.

D. Input Data & Assumptions

As previously described, the actual impacts of commingling on emissions depend on
many variables that are input to the model. The input data are bifurcated according to
future ethanol market conditions and current consumer behavior patterns that are
expected to hold in the future.

1. Future Ethanol Market Conditions

Uncertainty involved in dealing with these data necessitates staff to assume various
scenarios that are expected to cover a wide range of potential commingling impacts and
to bracket the likely range of commingling impacts. In selecting values to input into
these scenarios, staff used the best data available, including recent reports, and
stakeholder consultation.

Ethanol Market Share: Under a waiver scenario, staff assumed that the future
California ethanol market share would vary from 25 percent to 65 percent of the
gasoline market. This is consistent with that documented in a report prepared for the
U.S. EPA by MathPro Inc., titled “Analysis Of The Production Of CaRFG3 With And
Without An Oxygen Waiver,” (2001). Staff further assumed that this assumption holds
across gasoline grades. That is, ethanol market share is the same for all grades. By
assuming a constant ethanol market share across grades, staff has attempted to
account for the commingling impacts associated with potential grade switching when
information on grade loyalty is currently unavailable.

Ethanol Blending Concentrations: After consulting with gasoline producers, staff
assumed that gasoline produced with either 6 volume percent or 7.7 volume percent of
ethanol are the likely future California fuel blends. As such, staff utilizes these fuels in
their analysis. Like ethanol market share, these blends also apply to all grades due to
fuel distribution system constraints (i.e., fuel quality specifications set by a common
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carrier pipeline company). Consequently, grade switching within the same brand would
not lead to commingling. This assumption seems reasonable, in part, because most
grade switching is expected to occur within the same brand, and both regular and
premium grade of gasolines are expected to contain the same amount of ethanol for a
given gasoline brand. Moreover, consumer survey data show grade market share
remains constant over time, except during short periods of gasoline price spikes.

Based on average RVP of the dispensed fuels from the field study, staff assumed 6.71
psi base RVP for non-oxygenated fuel and 5.74 psi for ethanol fuel (i.e., 6.84 psi RVP
from the average 5.6 volume percent ethanol-blended gasolines observed in the field
minus a 1.1 psi expected RVP increase from ethanol blending).

Fuel Type Switching Patterns: Because the pattern in which ethanol and non-ethanol
gasolines are dispensed into a vehicle has a significant impact on commingling, the
simulation model must generate the non-loyal consumers fuel type switching patterns to
produce an estimate of the commingling impacts. First, the model randomly assigns
each consumer with a fixed “ethanol purchase propensity value”. Appendix N describes
this concept in more detail. Using this value, the model then randomly generates a
sequence of fuel switching patterns.

For example, consider two non-loyal consumers with a 50 percent ethanol purchase
propensity. In this case, the two consumers are equally likely to switch between non-
ethanol-blended and ethanol-blended gasolines for each fueling event. For ten fueling
events, the first consumer would cause maximum commingling impacts if they
alternately switch fuel type. If “N” and “E” denote fueling non-ethanol and ethanol-
blended gasolines, respectively, NENENENENE or ENENENENEN represents the
above sequence of ten fuelings. All else being equal (e.g., remaining fuel in a vehicle
fuel tank prior to fueling and amount of fuel dispensed), contrast this with the minimal
commingling impacts from the second consumer who switches fuel with the following
sequence: NNNNNEEEEE or EEEEENNNNN. In the latter case, the first five fuelings
are of one type followed by the next five of another type, so fueling number six and
beyond are where the commingling impacts should be considered. However, if at the7™
fueling a consumer rolled in with an empty tank, the commingling impacts would
theoretically be limited to the 6™ fueling only.

2. Consumer Fueling Habits

Table VI-1 below summarizes non-loyal consumer fueling habits by region. These
fueling habits are more fully discussed below.

Brand Loyalty: The regional non-loyal consumer fractions from Figure IV-1, including
the ‘don’t know’ group, are again shown in Table VI-1. These figures and the regional
gasoline consumption (Table V-7) were used as weighting factors to estimate statewide
commingling impacts.
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Table VI-1 Non-Loyal Consumers* Fueling Information By Region
The 2001 ARB Field Study

Non-Loyal Consumer (%) 69 42 38
Ave. Initial Fuel Tank Levels (as a fraction of usable tank capacity) 0.23 0.2 0.18
Fillup (%) 52 58 24
Ave. Fuel Amount Purchased for Non-Fillup (as a fraction of usable tank capacity) 0.35 0.32 0.37

*Including "don't know" group

Initial Fuel Tank Level: According to the field study, the majority of consumers (about
80 percent) fuel when there is 74 tank of gasoline or less remaining in their tanks, with
more than 40 percent registering nearly an empty tank. In evaluating the data, the
mean initial fuel tank level for non-loyal consumers is comparable to the overall
sample’s mean. On average, consumers in Los Angeles have lower initial fuel tank
levels than consumers in the Bay Area or Lake Tahoe, as shown in Table VI-1.

In practice, as described in the previous chapter, although fuel gauge may register
empty, staff believes that some fuel still remains in the tank. Staff assumed about five
percent tank capacity of usable fuel for initial fuel tanks recorded as empty (“E”) in the
field study. The mean tank levels presented in Table VI-1 were computed based on this
assumption.

In addition, staff assumed a five-percent tank “heel,” regardless of initial fuel tank levels.
This assumption is supported by data from the Southwest Research Institute (Appendix
E). As a result, the simulation model also assumes a five-percent or one-gallon tank
heel, based on an average 20-gallon tank capacity. This 20-gallon tank capacity is
derived from weighted average tank capacity of passenger car, estimated to be16-
gallon, and light-duty trucks estimated to be 24-gallon where both vehicle classes are
about equally represented in the sample.

Amount Of Fuel Purchased: As can be seen in Table VI-1, the data collected on non-
loyal consumers follow similar fillup trends as the overall consumers observed in Figure
IV-3. For example, non-loyal consumers in Los Angeles are the least likely to fillup
among non-loyal consumers in the three regions. Also, the data for the average amount
of fuel purchased for non-fillup events are comparable among the three regions.
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3. Summary of Input Data

From the mean and standard deviation of each variable in Table VI-2, the
corresponding input parameters (i.e., beta distribution) were derived for the
commingling simulation analysis. Table VI-2 summarizes the input data and
assumptions for the model. The upper portion of the table (above the dashed line) lists
the input assumptions for the future ethanol market conditions while the lower portion
identifies the field survey information. Unlike the future ethanol market conditions, the
field survey information is assumed to remain constant for each different scenario
analyzed (this is further explained in Chapter VIIl.). For example, premium consumers
would fillup with the same frequency, regardless of whether ethanol market share was
25 percent or 50 percent.

Table VI-2 Input Data & Assumptions

For Simulation Model

Ethanol Content (vol%) 6or7.7 6or7.7 6or7.7
Base RVP (psi) - Non-oxygenated 6.71 6.71 6.71

- Oxygenated 5.74 5.74 5.74
Ethanol Market Share (%) 25-65 25-65 25-65
Distribution of EtOH Purchase Propensity ¢+f)" 1,2, or 5 1,2, or 5 1,2, or 5
Initial Fuel Tank Level (mean, fraction of tank cap.) 0.23 0.2 0.18
Distribution of Initial Fuel tank Level (a+p) 3.3 4.5 2.6
Fillup Frequency (mean) 0.52 0.58 0.24
Distribution of Fillup Frequency (a+f) 6.7 3.6 4.7
Fuel Purchased for Non-Fillup (mean, fraction of tank cap.) 0.42 0.36 0.42
Dist. of Fraction Amount Purchased for Non-Fillup (a+f) 2.8 4.6 2.5

*The 2001 ARB field study did not specifically elicit cunsumers purchase propensity toward ethanol fuel.

The figures are for different assumptions (1 = less conservative, 2 = base case, and 5 = more conservative scenarios).
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VIl. SIMULATION RESULTS

This chapter describes the results of staff's use of the UCD simulation model to access
the potential impacts of CaRFG3 commingling.

A. Statewide Potential Commingling Impacts

Using the UCD simulation model and assumed future ethanol market conditions (as
discussed in Chapter VI), as well as consumer fueling behavior from the field study (as
described in Chapter IV) as input, staff simulated a total of 162 fueling scenarios.
These included all possible combinations of:

e 3regions;

e 3 ethanol purchase propensity distributions;

e 9 ethanol market shares from 25 percent to 65 percent in five percent
increments, and;

e 2 ethanol blends, 6 volume percent and 7.7 volume percent.

Each scenario represents 5,000 consumers with 500 fuelings per consumer, resulting in
the modeling of over 400 million fuelings. The model then computes the average
commingling effect for each scenario.

The first set of scenarios (i.e., ethanol purchase propensity based on a beta distribution,
with a + f equal to 2) is collectively called the base case scenario. Table VII-1
summarizes the results of the base case scenario. The top half (above solid line) of
Table VII-1 shows the commingling impacts of using a 6 volume percent ethanol blend
while the bottom half shows the impacts of using a 7.7 volume percent blend. The two
blends are assumed to have the same base RVP. RVP increases due to commingling
are estimated for each region, as shown in Appendix O. These increases are weighted
by the corresponding regional non-loyal consumer proportions and gasoline
consumptions as described in Chapter VI, and the results are presented in Table VII-1.
The last column in Table VII-1 is the total statewide commingling impact as the sum of
the three regions weighted-average RVP increases for each ethanol market penetration.
For example, if ethanol market share is 25 percent of total gasoline pool, the regional
commingling contribution are estimated to be 0.002 psi, 0.020 psi, and 0.033 psi RVP in
Lake Tahoe, the Bay Area, and Los Angeles, respectively, for 6 volume percent ethanol
blends.

As expected, the anticipated commingling effect increases with ethanol market
penetration, and peaks at around 45 percent to 50 percent market share. For the base
case scenario, the model estimated average statewide commingling impacts of 0.055-
0.069 psi RVP for 6 volume percent ethanol blends and 0.062-0.077si RVP for 7.7
volume percent ethanol blends.
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Table VII-1
Estimated Statewide Commingling Impacts For Various Ethanol Blends And Market Shares
Using The 2001 ARB Field Study Input Parameters

Base Case Scenario (Beta Distribution, o+p=2)

(Draft)
Ethanol Ethanol Base RVP Base RVP Estimated RVP Increase Due To Commingling
Market Share | Content Non-Oxy Fuel Ethanol Fuel By Region (psi)
(%) (%vol) (psi) (psi) Lake Tahoe*| Bay Area* |Los Angeles*] Statewide
25 6 6.71 5.74 0.002 0.020 0.033 0.055
30 6 6.71 5.74 0.002 0.022 0.037 0.062
35 6 6.71 5.74 0.002 0.022 0.040 0.064
40 6 6.71 5.74 0.002 0.022 0.043 0.067
45 6 6.71 5.74 0.003 0.024 0.041 0.068
50 6 6.71 5.74 0.003 0.024 0.042 0.069
55 6 6.71 5.74 0.002 0.024 0.043 0.069
60 6 6.71 5.74 0.002 0.024 0.039 0.066
65 6 6.71 5.74 0.002 0.022 0.037 0.061
25 7.7 6.71 5.74 0.002 0.022 0.037 0.062
30 7.7 6.71 5.74 0.002 0.025 0.042 0.069
35 7.7 6.71 5.74 0.003 0.025 0.044 0.072
40 7.7 6.71 5.74 0.003 0.025 0.048 0.075
45 7.7 6.71 5.74 0.003 0.027 0.046 0.076
50 7.7 6.71 5.74 0.003 0.027 0.047 0.077
55 7.7 6.71 5.74 0.003 0.026 0.048 0.077
60 7.7 6.71 5.74 0.003 0.026 0.044 0.073
65 7.7 6.71 5.74 0.002 0.025 0.041 0.068

*These figures are calculated from the average RVP increases in each region weighted by the corresponding
non-loyal consumer proportions and gasoline consumptions.

B. Sensitivity Analysis

Using the UCD model, staff also performed sensitivity analysis of potential commingling
impacts. The sensitivity analysis is related to staff’s input assumptions, regarding
different ethanol purchase propensities.

The results of this sensitivity analysis are shown in Tables VII-2 and VII-3. Table VII-2
presents a more conservative (a + p=5) estimate of commingling impacts relative to the
base case while Table VII-3 is less conservative (o + f=2) compared to the base case.

Using the same methodology as in the base case, the statewide commingling impacts

were estimated. Again as can be seen in the tables, the largest impacts occur when
the ethanol market share is around 45 percent to 50 percent.
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Table VII-2
Estimated Statewide Commingling Impacts For Various Ethanol Blends And Market Shares
Using The 2001 ARB Field Study Input Parameters
More Conservative Scenario (Beta Distribution, a+=5)

(Draft)
Ethanol Ethanol Base RVP Base RVP Estimated RVP Increase Due To Commingling
Market Share | Content Non-Oxy Fuel Ethanol Fuel By Region (psi)
(%) (%vol) (psi) (psi) Lake Tahoe*| Bay Area* |Los Angeles*] Statewide
25 6 6.71 5.74 0.003 0.026 0.043 0.072
30 6 6.71 5.74 0.003 0.028 0.046 0.076
35 6 6.71 5.74 0.003 0.029 0.050 0.082
40 6 6.71 5.74 0.003 0.031 0.052 0.086
45 6 6.71 5.74 0.003 0.030 0.054 0.087
50 6 6.71 5.74 0.003 0.030 0.053 0.086
55 6 6.71 5.74 0.003 0.030 0.052 0.084
60 6 6.71 5.74 0.003 0.028 0.050 0.081
65 6 6.71 5.74 0.003 0.026 0.046 0.075
25 7.7 6.71 5.74 0.003 0.029 0.048 0.081
30 7.7 6.71 5.74 0.003 0.031 0.052 0.086
35 7.7 6.71 5.74 0.003 0.032 0.056 0.091
40 7.7 6.71 5.74 0.003 0.034 0.058 0.096
45 7.7 6.71 5.74 0.003 0.034 0.060 0.097
50 7.7 6.71 5.74 0.003 0.033 0.059 0.096
55 7.7 6.71 5.74 0.003 0.033 0.057 0.094
60 7.7 6.71 5.74 0.003 0.031 0.055 0.090
65 7.7 6.71 5.74 0.003 0.029 0.051 0.083

*These figures are calculated from the average RVP increases in each region weighted by the corresponding
non-loyal consumer proportions and gasoline consumptions.
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Table VII-3
Estimated Statewide Commingling Impacts For Various Ethanol Blends And Market Shares
Using The 2001 ARB Field Study Input Parameters
Less Conservative Scenario (Beta Distribution, a+p=1)

(Draft)
Ethanol Ethanol Base RVP Base RVP Estimated RVP Increase Due To Commingling
Market Share | Content Non-Oxy Fuel Ethanol Fuel By Region (psi)
(%) (%vol) (psi) (psi) Lake Tahoe*| Bay Area* |Los Angeles*] Statewide
25 6 6.71 5.74 0.001 0.014 0.023 0.039
30 6 6.71 5.74 0.002 0.017 0.026 0.045
35 6 6.71 5.74 0.002 0.017 0.028 0.047
40 6 6.71 5.74 0.002 0.018 0.032 0.051
45 6 6.71 5.74 0.002 0.017 0.031 0.050
50 6 6.71 5.74 0.002 0.019 0.031 0.052
55 6 6.71 5.74 0.002 0.018 0.031 0.051
60 6 6.71 5.74 0.002 0.017 0.028 0.046
65 6 6.71 5.74 0.002 0.017 0.027 0.046
25 7.7 6.71 5.74 0.002 0.016 0.026 0.043
30 7.7 6.71 5.74 0.002 0.019 0.029 0.050
35 7.7 6.71 5.74 0.002 0.019 0.032 0.053
40 7.7 6.71 5.74 0.002 0.020 0.035 0.057
45 7.7 6.71 5.74 0.002 0.019 0.035 0.056
50 7.7 6.71 5.74 0.002 0.021 0.034 0.058
55 7.7 6.71 5.74 0.002 0.020 0.034 0.056
60 7.7 6.71 5.74 0.002 0.019 0.031 0.052
65 7.7 6.71 5.74 0.002 0.019 0.031 0.051

*These figures are calculated from the average RVP increases in each region weighted by the corresponding
non-loyal consumer proportions and gasoline consumptions.

C. Overall Findings Of Simulation Modeling

Figure VII-1 combines the statewide commingling impacts of 6 volume percent ethanol
blend for three different scenarios. The solid line curve represents the results of the
base case scenario as a function of ethanol market share while the two dashed lines
represent the results of the sensitivity analysis. As previously discussed, the 6 volume
percent ethanol blends are the most likely ethanol fuels to be supplied to California. As
can be seen in Figure VII-1 the statewide commingling impacts are estimated to be less
than 0.1 psi RVP, which is below the 0.1 CaRFG3 RVP offset in the Predictive Model.

Similarly, Figure VII-2 represents the statewide commingling impacts of 7.7 volume
percent ethanol blends. These blends produce somewhat higher commingling impacts
than the 6 volume percent blends. However, all scenarios show that the impacts are
less than 0.1 psi RVP.
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Figure VII-1.*
Statewide Commingling Impacts Of 6 Vol% Ethanol Blend For Various Market Shares
Using The 2001 ARB Field Study Input Parameters
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Figure VII-2.*
Statewide Commingling Impacts Of 7.7 Vol% Ethanol Blend For Various Market Shares
Using The 2001 ARB Field Study Input Parameters
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D. Comparison of Field Observations to Simulation Results of Statewide
Potential of Commingling Impacts

A unique feature of staff's commingling analysis is the ability to verify the commingling
impacts that were observed in the field, which could not encompass a wide range of
scenarios to the simulation results that would bridge these gaps. Conversely, using the
simulation model staff was able to analyze possible commingling scenarios, which were
unobserved in the field, and then use field observed commingling impacts to gauge the
reasonableness of such analysis.

Based on this comparison, both the field observations and simulation modeling results
are in good agreement to conclude that the statewide potential commingling impact of
CaRFG3 is less than 0.1 psi RVP.

E. Other Factors that May Reduce the Commingling Impacts

It is likely that in certain areas, due to constraints in the fuel distribution systems,
gasoline retailers would sell only one type of gasoline—either ethanol or non-ethanol
blended gasoline—under different brand names. Although consumers described
themselves as non-loyal with regard to gasoline brand, there should be limited
commingling impacts in these “captive” areas.
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VIll. ARB EVALUATION OF THE U.S. EPA COMMINGLING ANALYSIS

This chapter discusses staff’s evaluation of the U.S. EPA’s commingling analysis
performed as part of their denial of California’s request for a waiver of the federal
oxygen mandate, including a comparison of the results of the U.S. EPA’s analysis to
that of the ARB.

C. U.S. EPA Findings on Commingling Impacts

Staff reviewed the U.S. EPA technical support document of potential commingling
impacts in California, with the focus on the South Coast air basin, in response to
Governor Davis’ request for a waiver from the U.S. EPA from the federal oxygen
requirement for federal reformulated gasoline areas. A copy of the U.S. EPA
commingling analysis is provided in Appendix Q.

In its denial, the U.S. EPA stated that it believed there was great uncertainty regarding
potential increases in VOC evaporative emissions from commingling in vehicle fuel
tanks. U.S. EPA rejected ARB’s conclusion that a 0.1 psi increase was most likely, and
stated that the potential commingling impacts could range from greater than 0.1 up to
0.3 psi RVP. Using the upper end of this range, U.S. EPA concluded that the CaRFG3
regulations might not be sufficiently protective to prevent an overall increase in VOC
emissions due to a large commingling effect.

D. Comparison of U.S. EPA and ARB Commingling Evaluations

Upon comparing the ARB and the U.S. EPA commingling analysis, staff observed
several key differences in both methodology and use of data. These differences result
in contrasting conclusions between the two analyses.

A distinct difference between the two analyses is in the way brand-loyal consumers,
those who always purchase one brand of gasoline, are handled. Staff assumed no or
negligible commingling effects from this group of consumers. In contrast, the U.S. EPA
assumed the group would contribute to commingling.

For input data that are a function of future market provisions, staff relied on the most up-
to-date and reliable sources. Except for ethanol purchase propensity, both analyses
shared similar information. For example, staff adopted ethanol market penetration from
a study under the U.S. EPA contract.

Both the ARB and the U.S. EPA had access to consumer fueling habits information that,
while obtained from different sources, was quite similar. However, the handling of these
data was very different between the ARB and the U.S. EPA. ARB staff took
precautionary steps to verify that these data were representative to population, and
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compared them to reliable sources for accuracy. However, the U.S. EPA, apparently
based on its own judgment of what might possibly occur, modified the data.

These modifications produced lower brand loyalty, lower percent of fillup, and higher
initial fuel tank levels than used by the ARB staff. Each of these modifications leads to
a higher commingling effect. ARB staff believes that the data collected in their field
study conclusively demonstrates that the use of modified data by U.S. EPA does not
represent fueling habits in California, and produced an over estimation of the
commingling analysis for the state. As a result, the U.S. EPA’s analysis is
fundamentally flawed, and the conclusions are questionable’.

Because of these factors, the U.S. EPA’s analysis has resulted in a 0.1 to 0.3 psi range
of RVP increases from commingling in the South Coast air basin, with 0.2 psi RVP
chosen as the likely commingling impact (see Appendix Q). Given the field
observations now available and an improved simulation model, staff believes that the
U.S. EPA has grossly overestimated the potential commingling impacts by, at least, a
factor of two.

" A similar conclusion was reached in an analysis produced by Systems Applications International
(“Analysis of Commingling Due to Ethanol Blends”). In that analysis, the validity of the U.S. EPA analysis
was questioned. This analysis, using the same model, but inputting the actual U.S. EPA data instead
(i.e., unmodified), concluded that using the modified data would result in commingling impacts
approximately twice as high as what it would have been using the actual data. A copy of this analysis is
provided in Appendix P.
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Air Resources Board
CaRFG3 Commingling Study Working Group

NAME COMPANY
Bruce Heine Williams
Cal Hodge A 2nd Opinion, Inc.
Chuck A. Le Tavec BP
Dennis Lamb DWL Services
Duong Trinh ARB
Ellen Shapiro Auto Alliance
Erik White ARB
Fred Schmidt ARB
Gary Whitten ICF Consulting
Gina Grey WGSEPA
Jim Uihlein BP
John Freel Chevron
Loren Beard Daimler Chrysler
Micheal Okafor ARB
Mike Ingham Chevron
Neit Koehler Kinenergy
Nelson Chan ARB
Raak Veblen ARB
Ramesh Ganeriwal CEC
Steve Smith Tosco Corp.
Thomas Eveland Atty
Tom Koehler Celilo Group
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Appendix C:
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CaRFG3 Commingling Study — Fuel Sampling Protocol

I. Introduction

In adopting the regulations for California Phase 3 reformulated gasoline (CaRFG3} by way of
Resolution 99-39, the Board directed staff to further evaluate the expected real-world emissions
impact of commingling CaRFG3 containing ethanol with CaRFG3 not containing ethanol in
motor vehicle fuel tanks. Because as little as two volume percent ethanol in gasoline will raise
its Reid vapor pressure (RVP) by about one pound per square inch (psi), commingling may result
in increased evaporative motor vehicle emissions. The extent of commingling and its impact on
evaporative emissions depends on several factors, including whether the federal reformulated
gasoline year-round minimum oxygen requirement will continue to apply in California, refiner
choices regarding the mix of oxygenated and non-oxygenated gasoline in a given area, and
customer choices regarding brand and grade loyalty.

I1. Field Study Overview

One aspect to be incorporated into the evaluation is a field study of the actual impacts of
commingling fuels in vehicle fuel tanks. It is anticipated that this field study will be conducted
at retail gasoline facilities in the Los Angeles, San Francisco, and Lake Tahoe areas of
California. Sampling will be performed by teams consisting of three members each, with three
teams deployed at three different stations on any given day. Teams will spend a minimum of one
day at each station identified for participation in the study, two or three days in each
geographical area. Although the actual time needed to draw a sample will be approximately

3 minutes, it is estimated that each team will be able to sample only about three vehicles per
hour. Each team will likely collect about 35 fuel samples per day, resulting in between about
200 and 300 fuel samples generated per region. Vehicle fuel tank samples will be obtained from
all customers willing to participate in the field study. The obtained fuel samples (including
representative underground tank samples) will be analyzed for the fuel properties needed to
evaluate the actual impact of commingling on vehicle evaporative emissions.

Fieldwork for this study will be conducted in two phases. The first phase, to be conducted in late
June, was is to evaluate the efficacy of the draft fuel sampling protocol. Samples were will be
taken from each of the service station’s underground tanks upon arrival and departure at each test
site. Vehicle fuel tank samples were will be obtained prior to refueling from all customers
willing to participate. While the sampling and refueling operations were are taking place, the
customers were will be interviewed to obtain information necessary for further evaluation. This
information was will be recorded on field data sheets (sample attached) and will included a
control number, sample identification numbers, date, time, year/make/model of vehicle, initial
fuel gauge level, and amount (in gallons) and grade of product dispensed, and whether the
customer had purchased a different brand of fuel within the last two refuelings. A second fuel
sample was will be obtained from their vehicle tank after refueling. Experience gained in this
first phase has been used to will determine if and how the draft sampling protoco! could can be
improved and finalized.
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The second phase of fieldwork, to be conducted from early August July through late September
August, will be the implementation of this the finalized sampling protocol. Samples will be
taken from each of the service station’s underground tanks upon arrival and departure at each test
site. Vehicle fuel tank samples will be obtained prior to refueling from all customers willing to
participate. While the sampling and refueling operations are taking place, the customer will be
interviewed to obtain information necessary for further evaluation and to identify vehicles
expected to have commingled fuel in their tank after refueling. This information will be recorded
on field data sheets and will include a control number, sample identification numbers, date, time,
year/make/model of vehicle, initial fuel gauge level, and amount (in gallons and dollars) and
grade of product dispensed, and whether the customer had purchased a different brand of fuel
within the last refueling. If an initial sample is successfully obtained from the vehicle fuel tank,
a second fuel sample will be obtained from those vehicles expected to have commingled fuel in
their tank after refueling. If an initial sample is not obtained from the vehicle fuel tank, a second
fuel sample will not be taken. There will be two or three four different fuel samples that must be
correctly identified and properly associated with each vehicle successfully tested.

Upon completion of the second phase of fieldwork, staff will evaluate the need to supplement the
data with an additional focused study to better capture and characterize ethanol blends.

Samples from the vehicle tanks and the station’s underground tanks will be obtained using
American Society of Testing and Materials (ASTM) D 5842-95, “Standard Practice for Sampling
and Handling of Fuels for Volatility Measurement”. Vehicle tanks are not mentioned in the
ASTM sampling method. However, we will be essentially following the tank tap portion of the
sampling method using apparatus that the Air Resources Board (ARB) has successfully used for
some time to obtain diesel samples from vehicle tanks to check for presence of red dye (see
Section 1ILF for photos of apparatus). Special care will be taken to ensure that minimal
evaporation takes place during the sampling process so that accurate RVP results will be
obtained.

To minimize the amount of handling and the duration of sampie storage prior to RVP analysis,
samples will be analyzed for RVP in ARB’s mobile laboratory that will be located in the general
vicinity of the stations participating in the field study. This should enable the completion of
most samples RVP analyses within 24 hours. All samples will be analyzed for RVP using
ARB’s “Test Method for the Determination of the Reid Vapor Pressure Equivalent Using an
Automated Vapor Pressure Test Instrument” (see California Code of Regulation Title 13 §2297).
All samples will subsequently be transported to ARB laboratory facilities in EI Monte to be
analyzed for the volumetric amount and type of oxygenate, as well as total oxygen content, by
ASTM D 4815-94, “Standard Test Method for Determination of MTBE, ETBE, TAME, DIPE,
tertiary-Amyl Alcohol and C1 to C4 Alcohols in Gasoline by Gas Chromatography”.
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III. Sampling Protocol

A. Required Equipment

- 4-o0z. clear glass sample bottles with lined plastic lids

- 1-liter aluminum sample bottles with foil lined plastic lids
- Polypropylene Y inch O.D. tubing

- Yinch x 25 ft. copper cooling coil

- 2 gal round insulated water dispenser for cooling coil

- Ice & water

- Hand-operated vacuum pump

- Sample labels/Field data sheets

- Nozzle extension

- Sectioned boxes for 4-0z. bottle storage

- Ice chests for sample bottle conditioning and sample storage
- Cleanup and equipment maintenance supplies

- 16-20 oz. glass wash bottle

- Product rinse container {portable gas can)

B. Sampling Procedures

1) Vehicle Tank Sampling

A modified version of ASTM D 5842-95 will be used to obtain the vehicle fuel
tank samples. While this method does not specifically address sampling from a
vehicle fuel tank, the tank tap sampling procedure is being adapted to
accommodate our specific needs. The sampling equipment is the same equipment
that has been successfully used in ARB’s ongoing program to sample vehicle fuel
tanks to test for red dyed diesel fuel, with the addition of a copper cooling coil to
condition the sample. Approximately 16 oz. of fuel will be removed from the
vehicle tank for each 4-o0z. sample obtained.

Prior to drawing each individual sample, the capped 4-oz. glass sample bottle will
be chilled in an ice bath and preconditioned with the fuel to be sampled. To obtain
the sample, a polypropylene sample line connected to the inlet of the cooling coil
will be inserted into the vehicle’s fuel fill pipe until it reaches product. The
sampling apparatus will be flushed with product prior to obtaining the sample. A
16-20 oz. glass wash bottle will be connected to the hand-operated vacuum pump
with the outlet end of the cooling coil inserted through the pump compression
fitting into the bottom of the bottle. To adequately flush the sample line and
cooling coil, approximately 10 oz. of fuel will be drawn through the apparatus
into the wash bottle. The wash bottle will then be replaced with a clean, chilled,
4-0z. glass sample bottle and an additional 1 oz. of fuel will then be pumped into
the sample bottle for preconditioning. The preconditioning fuel will then be
discarded from the 4-0z. glass sample bottle and then poured into the wash
container prior to obtaining the actual sample. All This wash material will be
collected and disposed of according to the procedures described in Section E of
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this protocol. The sample will then be obtained by pumping additional fuel
through the preconditioned apparatus. When the bottle is 70 to 85% full, it will
be disconnected from the pump, capped, labeled, and stored in a cool location out
of direct sunlight. All sample labels will include both the sample identification
number and the unique control number associated with each participating sample
vehicle. Care will be taken to minimize the amount of time the sample bottle is
uncapped to avoid the potential for sample contamination from water
condensation inside the bottle.

Samples containing visible water or other unusual contamination will not be
considered valid for the purposes of this study and shall be disposed. Since the
pump works on a vacuum principle, a negative pressure will be produced within
the bottle. As a result, no product will touch the pump itself but instead will be
drawn from the vehicle fuel tank through the sample line, through the cooling
coil, and bottom-fill the 4-0z. glass sample bottle. If any product is accidentally
drawn into the pump by overfilling or tipping the bottle, the pump will be
disassembled, wiped down with a clean, dry shop towel, and air-dried prior to its
next use.

2) Service Station Nozzle Sampling

ASTM D 5842-95 will be used to obtain samples from the service station’s
underground tanks for all grades dispensed at the station. Although this method
allows the use of 4-oz. sample bottles, 1-liter sample bottles will be used due to
their ease of use when obtaining a dispenser sample. The 1-liter sample bottles
will be chilled in ice water prior to and while obtaining a sample. The bottle will
be rinsed with product and drained before being bottom-filled with a nozzle
extension attached to the service station dispenser nozzle. After the bottle is filled
between 70 to 85% full, the bottle will be capped, labeled, and stored in a cool
location out of direct sunlight. Care will be taken to minimize the amount of time
the sample bottle is uncapped to avoid the potential for sample contamination
from water condensation inside the bottle.

C. Sample Handling Procedures

It is essential that proper sample identification and field data sheet referencing is
completed for each vehicle sample set. Preformatted Preprinted self-adhesive sample
identification labels will be completed and attached to each sample bottle with each
sample identification number also being recorded on the and corresponding field data
sheet. Label ink and adhesive will be resistant to water and gasoline to assure
identification integrity. Vapor pressures are extremely sensitive to evaporation loses and
to slight changes in composition. Necessary precautions will be observed when handling
samples to ensure the samples are representative of the product and satisfactory for RVP
analysis,
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D._Analytical Methods

Fuel samples obtained will be analyzed by the following methods:

Fuel Quality Analysis Method
RVP (psi) CCR Title 13 §2297*
Oxygen Content (wt.%) ASTM D 4815-94
MTBE (vol.%) ASTM D 4815-94
Ethanol (vol.%) ASTM D 4815-94

*Paragraph (d)(1.0) which specifies a Title 13 sampling method will be replaced with
ASTM D 5842 sampling method which allows for the use of either 32-o0z or 4-0z bottles.

E. Disposal of Fuel Samples & Wash Materials

All waste gasoline generated from the sampling and analytical procedures will be
collected in approved gasoline storage containers and disposed of at authorized gasoline

recycling facilities.
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F. Tank Sampling Apparatus

-

Interior View of Cooling Coil Complete Assembly
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FIELD DATA SHEET

CaRFG3 Commingling Study - Fuel Sampling Program

Date: Time: Control No:

Vehicle Information

Year: Make:
Model: Fuel Gauge: E \ { / F
1% Sample Obtained? Yes  No__ Sample No:

Refueling Information

Brand: Grade: Amount: 3 & gal.
Was a different brand of gasoline used for the last refueling? Yes = No__  ?7__
2" Sample Obtained? Yes No_ Sample No:

Sampling Team Member:

(Cenification from a team member that is not the custodian that the test was performed)

Customer’s Name:

Customer’s Signature:

(Required for accounting purposes. Signature acknowledges receipt of $5 payment for services.)
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Script

Action

Customer enters station, is greeted by team member, and
offered incentive for voluntary participation in study.

Team proceeds to obtain initial sample and vehicle information.
Customer refuels vehicle.

Team proceeds to obtain second sample, completes field data sheet.

Customer’s signature is obtained in exchange for payment of incentive.
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00:06.30
00:09.30

00:10.00



Appendix D:

Field Study Data Set
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L. INTRODUCTION

Southwest Research Institute (SwWRI) conducted this vehicle test program at the request of the
Coordinating Research Council {CRC) to investigate the effectiveness of vehicle fuel system
flush procedures. Phase [ of the program consisted of three flush procedures (A, B, and C) on
tive different vehicles as specified by CRC. A fuel with ethanol content was installed into the
vehicle fuel tank, an initial sample was taken, the fuel flush technique was conducted, a four
gallon fill was added to the tank to begin a driveability test, and a final fuel sample was taken,
The ethanol content in the initial and final fuel samples was measured using the ASTM D 5599
method.  After review of the results in Phase I, CRC directed SwRI to conduct Phase [

consisting of four flush procedures on two of the original five vehicles.

II. BACKGROUND

To enhance air quality, oxygenated fuels have been introduced into “nonattainment™ areas of the
U.S. to reduce vehicle emissions. Since ethanol is a common oxygenate, work has been
performed by CRC to determine what effect ethanol fuel blends have on vehicle driveability.
During these evaluation programs, it has been necessary to change fuels in vehicle fuel systems
from oxygenated to hydrocarbon—-only fuels. 1t has become a concern within CRC of possible
carryover of ethanol from potentially inadequate flushing techniques. Phase I of this program
provides CRC with information to define ethanol carryover for flushing procedures designated
A, B, and C. Phase IT provides carryover data on modified C, E, moditied E, and F procedures
which were developed to enhance the fuel flush effectiveness.

III. TEST PROCEDURES

A, TEST FUELS

Two fuels were used for this program. Haltermann EEE emissions test fuel was designated as
Fuel H. Fuel H and denatured ethanol were blended to yield Fuel E with approximately 10%
ethanol by volume. Ten new 55-gallon drums were purchased for the program. Five drums were
labeled and filled with Fuel E and five more with Fuel H, Should the CRC decide to conduct
further tests, this was sufficient volume of Fuel E to run a duplicate set of flush procedures A, B,

and C on each vehicle.
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Two new hand fuel pumps were purchased and labeled for each fuel type for this program. One
drum each of Fuel E and Fuel H was used to flush the hand pumps, the funnels, and the
calibrated cans. These flush drums were removed from the area and not used for testing, The
hand pumps were then installed in the appropriate test fuel drum and a sample of Fuel E and Fuel
H were drawn and delivered to the SWRI Petroleum Research Department for analysis. Refer to
the photograph in Appendix A of a 35-gallon drum of Fuel E, which was ready for test. The

following is a table summarizing the analytical results on the test fuels.

Table 1 - Test Fuel Analyses

Test Method Fuel E Fuel H
ASTM D 4815 Oxygenate Content
Ethanol (wt% / vol%) 10.18/9.62 Noat Run
ASTM D 5599 Oxygenate Content
Ethanol (wt% / voi%) 10.02/9.47 <0.01 / <0.01
ASTM D 4052 Specific Gravity 0.7493 0.7455

B. FUEL HANDLING CONTAINERS

For accuracy, the amount of fuel added to a vehicle was measured by calibrated fuel cans which
have graduated necks to increase the accuracy of the volume measurement of the fuel. Refer to
the photograph in Appendix A of two calibrated cans. One set of dedicated calibrated fuel cans,
a one and a two gallon can, was labeled and used for adding Fuel E and another set of dedicated
calibrated fuel cans was used for adding Fuel H. The cans were thoroughly flushed with the
appropriate fuel prior to starting the test program. A glass 2000 ml graduated cylinder was used
to measure the fuel removed during vehicle preparation for enhanced accuracy.  Sterile 8 oz.
glass sample containers were procured and pre-labeled. A line was scribed at the 75 ml level for
filling the sample container to the proper sample level. Since these sample containers were
sterile chemical laboratory quality, they were used in the as-received condition. New funnels
were purchased for the program and labeled Fuel E and Fuel H. In Phase 11, the glass containers
were filled with the final sample fuel in case additional chemistry analytical information was

requested.
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C. VEHICLES

The test program was conducted on the five vehicles as specified by CRC and listed in Table 2.
Only the Toyota Corolla and the Mitsubishi were retained and tested in Phase [[. The vehicles
for this program were manufactured in the 2000 model year except for the Chevrolet Cavalier
which was a 1999 model. Vehicle tanks and lines were visually inspected for any damage during

the vehicle preparation phase. No problems were found.

Table 2 — Test Vehicles

Phase I - Flush

Procedures
Model | Eng. Tank Vehicle Identification A B C
Year [ Displ. | Capac.* Number
Ford Windstar 2000 J.8L [ 26.0 gal. | 2FMZA5142YBB89386 | 1 ]

1
Mitsubishi Galant | 2000 | 24L | 16.3 gal. | 4A3AA46G41E141829 | 1 1
Chevrolet Cavalier | 1999 221 [ 152 gal. | 3G1JC5249X 5815172 | 1 1

1 1
| 1

Nissan Maxima 2000 3.00 | 18.5gal | INICA3IDXYTS543110 1
Toyota Corolla 2000 1.8L | 13.2 gal. | INXBRI2E3YZ405041 2

* The fuel tank capacity was determined from an information search. It was not measured in
this program.

D. VEHICLE PREPARATION

The test vehicles were parked in approximately the same position when Fuels E and H were
drained to minimize tank angle variations that would change the amount of fuel that could be
pumped from the tank. The test area was located outside, under an awning adjacent to the SwRI
Automotive Fleet Laboratory. A ground rod was installed and tested for conductivity prior to the
start of the program. The test fuel drums and the vehicles were properly grounded for safety

during the program.

The Vehicle Preparation procedure was performed on each vehicle. The procedure is included in
Appendix B. During the vehicle preparation the existing fuel was removed from the vehicle and

the system residuat fuel was measured. The system residual fuel is defined as the amount of fuel
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that remains in the vehicle fuel system after a fucl drain procedure is conducted using the vehicle

fuel pump.

Each vehicle’s electrical system was studied and relay contact points, which would activate the
vehicle fuel pump while the engine was not running, were located,. A jumper circuit was used to
activate the vehicle fuel pump for draining the fuel. The Ford Windstar had a Schrader valve in
the fuel feed line and it was used for the fuel drain procedure on that vehicle. For testing the
Toyota Corolla, the Mitsubishi Galant, and the Chevrolet Cavalier, the connector between the
fuel line and the rail was disconnected to make tuel drains and to procure fuel samples. The
connection of the fuel rail to the fuel feed line was not readily accessible on the Nissan Maxima.
Thus, a Schrader valve was installed in the fuel return line and an on-off valve was installed in

the fuel return line downstream of the Schrader valve.

The fuel drain procedure is defined as the removal of the fuel from the vehicle fuet system using
the vechicle fuel pump. The drain procedure used on this program should be typical of the
methods used in CRC field studies. To enhance the repeatability of the drain procedure tor this
program, the operators were instructed to continue running the fuel pump until the they were sure

the fiel pump would not pick up any more fuel in the tank.

In the vehicle preparation phase, a fuel drain procedure to remove the existing fuel was
performed. The fuel tank was removed from the vehicle and then the remaining fuel removed by
tipping the tank and using an external fuel pump. The fuel lines, fuel rail, and injectors were
disconnected and the lines blown out with compressed nitrogen. The fuel tank, fuel lines, and
injectors were reassembled into the vehicle, One gallon of Fuel H was added to the tank. The
engine was ctanked until it just began to run and then the ignition was turned to the off position.
In cases when the vehicle would not start because the fuel level in the tank was below the fuel

pump pickup point, fuel was added in 1900 m1 increments until the engine would begin to run.

A second fuel drain procedure was then conducted using the vehicle fuel pump. The amount of
fuel removed was measured in a graduated cylinder. The difference in the amount of fuel added

to the empty fuel system and the amount removed is the system residual fuel volume. According
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to the calculated predictions of the flush procedure results, the system residual fuel is a

significant variable.

E. FLUSH PROCEDURES

In Phase I, flush procedures A, B, and C were performed per CRC specifications. When the
results of Phase 1 had been reviewed, SWRI was asked to recommend new flush procedures and
techniques that would potentially improve the flush effectiveness. After discussions with several
CRC committee members, SwRI recommended the following enhancements:

1. Add more fuel to increase the dilution.

2. Drive the vehicles after adding fuel instead of conducting a 2-minute engine idle to ensure
the fuel drained in the subsequent operation represented the average ethanol content in the
vehicle fuel system. Tt was suspected that the fuel in the vehicle tank might be stratified, and

fuel with lower than average ethanol content was being drained.

Phase 2 of the CRC Fuel Effectiveness Study was conducted on the Toyota Corolla and the
Mitsubishi Galant. Flush procedures C modified, E, E modified, and F were conducted. An
overview of all the flush procedures in the CRC Fuel Effectiveness Program is shown in Table 3.
A more detailed table of the flush procedure definition is shown in Appendix C. The flush

procedure checklists used by the SwRI Senior Technicians are included in Appendix D.

Table 3 — Flush Procedure Overview

Flush Procedure
Phase [ Phase I1

Fuel Add A B C C Mod, E E Mod. F

#1 2 gal. 1 gal. 2 gal. 2 gal. 4 gal. 4 gal. 8 gal.
Operation Idle Idle Idle 10 mile 1dle Idle * 1dle

#2 4 gal ** 1 gal. 2 gal. 2 gal. 4 gal. 4 gal. 4 gal.
Operation - Idle Idie 10 mile Idle Idle * 1dle

#3 - 4 gal ¥* | 4pgal** | 4pal** | 4 pal** | 4 gal** | 4 gal **
Operation | 10 mile 10mile | 10mile 10 mile 10 mile 10 mile 10 mile
Total Fuel 6 gal. 6 gal. 8 gal. 8 gal. 12 gal. 12 gal. 16 gal.

*  During the 2-minute idle the vehicle was rocked from side to side for 15 seconds.
** The four-gallon fill is not part of the flushing procedure but rather the addition of fuel to
begin a driveability test.
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The vehicle fuel drain procedures were all accomplished with the same technique used in the
vehicle preparation for that vehicle. Appropriately labeled calibrated cans were filled to the
proper vohune for adding fuel to the vehicles. The appropriately labeled funnels were installed
into the vehicle filler necks when pouring fuel into the vehicle.

A vehicle route was developed to accumulate ten miles on the vehicles. The procedure is
included in Appendix E. The mileage accumnulation based on the odometers of the vehicles
ranged from 9.8 to 10.4 miles. Due to the speed limit on the Southwest Research Institute
campus and the traffic lights on the public roads outside the SWRI main gate, the average speeds
tor the mileage accumulation were less than 45 mph. Traffic density and traffic lights caused the
speeds to vary from a minimum of 19.5 mph to a maximum of 40.4 mph. The arithmetic average
of the speeds was 30.1 mph in Phase 1 and 31.1 mph in Phase II. Since the purpose of the
mileage accumulation was to mix the fuel in the vehicle fuel system, the average speed for a ten-

mile run is probably not significant to the flush procedure test.

The fuel samples were obtained into pre-labeled 8oz. sterile glass containers scribed at the 75ml
level. Fuel was taken directly from the fuel line in the same manner as the fuel drains using the
vehicle fuel pump to draw the fuel sample. A fuel sample was obtained by first drawing a purge
sample into the sample container. Then the excess fuel greater than 75ml was poured back into
the vehicle tank, retaining 75 m! in the sample container. In Phase 11, the glass containers were
filled with the final sample in case additional chemistry analytical information was requested.
The samples were delivered to the SwRI Petroleum Research Departiment and each sample was
analyzed for ethanol by volume percent using the ASTM D 5599 method.

IV. RESULTS

A. PHASE ]

Phase I consisted of performing flush procedures A, B, and C on five vehicles. These
evaluations were performed to the CRC specifications as prescribed in the original request for
proposal. The results of the three flush procedures in Phase I on each vehicle are shown in Table

4. Sixteen flush procedure tests were conducted.
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Table 4 —- Phase I Test Results Summary

Vehicle Manufacturer Toyota Ford Mitsubishi | Chevrolet Nissan
Model Corolla Windstar (Galant Cavalier Maxima
System Residual Fuel (Gal.) 23 1.04 1.41 0.92 1.02
Flush Procedure A

Initial Ethanol (vol%) 9.78 7.62 7.08 7.61 7.82

Final Ethanol (vol%) 0.48 0.51 1.37 0.81 0.70

Flush Effectiveness 95.1% 93.3% 80.6% 89.4% 91.0%
Flush Procedure B

[nitial Ethanol (vol%) 8.36 793 6.76 7.08 7.43

Final Ethanol (vol%) 0.69 0.45 1.27 0.60 1.12

Flush Effectiveness 91.7% 94 3% 81.2% 91.5% 84.9%
Flush Procedure C

Initial Ethanol {vol%) 8.49 7.75 6.71 7.09 7.86

Final Ethanol (vol%) 0.65 (.24 0.75 0.32 0.43

Flush Effectiveness 923% 96.9% 88.8% 95.5% 94,5%
Flust Procedure A (Rerun)

Initial Ethanol (vol%) 8.57 Volume percentages by ASTM D 5599

Final Ethanol (voi%) 0.60

Flush Effectiveness 93.0%

Note that the system residual fuel volumes for the Ford Windstar, the Mitsubishi Galant, and

Nissan Maxima were greater than one gallon.

The Toyota Corolla tlush procedure A was conducted twice. The Toyota vehicle preparation
was conducted with Fuel E. Therefore, the first Flush Procedure A on the Tovota started with

essentially 100% Fuel E in the vehicle. All the other flush procedures in the program, including

the second Toyota Corolla flush procedure A test, commenced with the Fuel H from the vehicle

preparation or the fuel from the previous flush procedure conducted on that vehicle.

B. PHASE 11

Flush procedures C Modified, E, E modified, and F were developed to increase the flush

effectiveness. The results are shown in Table 5.
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Table 5 — Phase 1I Results Summary

Vehicle Manufacturer Toyota Ford Mitsubishi | Chevrolet Nissan
Model Corolla Windstar Galant Cavalier Maxima
System Residual Fuel (Gal.) 0.23 1.04 1.41 0.92 1.02
Flush Procedure C Modified

Initial Ethanol {vol%) 6.89 6.59

Final Ethanol (vol%) 0.01 045

Flush Effectiveness 99.9% 93.2%
Flush Procedure E

Initial Ethanol (vol%) 8.89 6.85

Final Ethanol (voi%) 0.49 0.36

Flush Effectiveness 94.5% 94 7%
Flush Procedure E Modified

Initial Ethanol (vol%) 6.84

Final Ethanol (vol%) 0.21

Flush Etfectiveness 96.9%
Flush Procedure F

Initial Ethanol (vol%) 9.12 6.70

Final Ethanol (vol%) 0.01 0.24

Flush Effectiveness 99.9% 96.4%

C. CALCULATED PREDICTIONS

For cach flush procedure in ecach vehicle, the cthanol volume percentage was predicted using a
calculation based on the system residual fuel of the vehicle and the ethanol volume percentage in

the initial fuel sample. For these calculations the following assumptions were made:

1. The resulting volume of adding two blends together was equal to the arithmetic sum of the
two volumes of the original blends.

2. Losses of fuel in the form of vapor through the evaporative canister and evaporative emission
system were assumed to be zero.

During vehicle driving cycles and sample procurement the amount of ethanol removed from

L

the vehicle system is proportional to the total concentration of ethanol in the vehicle system.

A sample calculation for the Chevrolet Cavalier Flush Procedure A is shown below. The

numbers in parenthesis correspond with the flush procedure task numbers in Appendix C. The
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system residual fuel (SRF) for the Chevrolet Cavalier was measured as 0.92 gallons. The
volume percentage of ethanol in the initial fuel sample is 7.61%. The volume of ethanol (VE) in

gallons in the vehicle fuel system by calculation after task #2 is:
VE(2) = [4 + SRF}[7.61%} = 0.374 gallons

The volume of ethanol in the vehicle system after task #5 is calculated below. Note that the
volume of fuel in the vehicle system after task #5 is the system residual fuel volume {0.92

gallons).
VE(5) = [0.374][SRF}/[4 + SRF] = 0.0699 gallons

The volume of ethanol in the system after task #6 is the same as the amount after task #5. Two
gallons of Fuel H are added to the vehicle system, but Fuel H has no ethanol content. The total
volume of fuel in the vehicle fuel system after task #6 is 2 gallons plus the system residual fuel
volume (0.92 gailons}, which equals 2.92 gallons. Afier task #11 there is again 0.92 gallons of

fuel in the vehicle fuel system and the volume of ethanol is calculated below.
VE(11) = 0.0699{SRF]/[2 + SRF] = 0.022 gallons

After adding the 4 gallons of Fuel H in task #12, there are a total of 4.92 gallons of fuel in the
vehicle system., However, the volume of ethano! is still 0.022 gallons. Thus, the volume

percentage of ethanol based on this caleulation is:
Ethanol {vol%) = 0.022/[4 + SRF] =0.45%

In the same manner all the flush procedure test results were predicted by calculation. Please
refer to Appendix F.
V. DISCUSSION

A. SUMMARY

Phase I provides CRC with an indication of the effectiveness of flush procedures A, B, and C in

each of the vehicles tested. The reported results with the exception of flush precedure A in the
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Toyota Corolla, are single point results. The statistical variation of the flush- procedure

evaluation test is not known. The results of Phase [ raised two major questions:

f. What flush procedures and/or techniques could be employed to improve the flush
effectiveness? The Mitsubishi Galant had the highest residual fuel volume (worst case for
flush effectiveness) of 1.41 gallons. Starting with a fuel containing 6.59 volume percent
ethanol, flush procedure C (theoretically the most effective procedure in Phase I) had a final
fuel sample with 1.37 volume percent ethanol. The flush effectiveness was 80.6%. The
Phase 11 goal was to develop a procedure to reduce the final sample ethanol volume percent.

2. The measured ethanol volume percent results were in the “order of magnitude range”, but
were generally higher (less fuel flush effectiveness) than the calculated results. The
measured ethanol volume percent results of the Ford Windstar were the closest to the
calculated results, The Toyota Corolla had the lowest residual fuel amount of 0.23 gallons.
Theoretically, the fue! flushes with the Toyota Corolla for procedures A, B, and C should
have been more efficient than the same procedure in the other vehicles. However, thel flush
procedure C result with the Toyota Corolla was the least effective with the exception of the
Mitsubishi Galant. The Toyota had a flush procedure C measured result of 0.65 volume
percent, but the predicted result by calculation was 0.0%. The question was, “Why was the

measured fuel tlush effectivencss worse than the calculated predictions?”

Phase II was conducted to answer the questions noted above. The following is a discussion of

the findings of Phase II. All the results are displayed graphically in Appendix G.

1. Fuel flush effectiveness can be improved by adding more fuel, performing more complete
fuel drains, or performing more fuel drains. The cost of the flush fuel is a concem, so it was
a goal to minimize the amount of additional fuel required. The time to perform fuel drains
and fuel additions is also a concern. It was decided the optimum means to improve the
effectiveness was to add more fuel rather than add more drain procedures. Flush procedure E
uses a total of 12 gallons of flush fuel and flush procedure F uses 16 gallons of flush tuel.
Potentially a fuel drain procedure could be more efficient by removing more fuel or in

essence reducing the system residual fuel amount. The fuel tank could be removed from the
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vehicle and the tuel drained with an external pump. However, the time and facilities
{example: vehicle hoist) were a concem with this technique. On some vehicles a small
diameter hose could potentially be pushed through the filler neck and residual fuel could be
drained with an external pump. However, the fuel tank configuration including the baffles on

some vehicles would prohibit this technique. Therefore, it was not considered for Phase I1.

A flush procedure D was discussed, which was the same as flush procedure A except more
fuel was added after the first fuel drain. The amount of fuel required for a procedure D to
equal the theoretical flush effectiveness of flush procedure E was significantly greater than
the 12 gallons of fuel used in flush procedure E. In most cases the amount of fuel required in
flush procedure D would have exceeded the fuel tank capacity. Therefore, flush procedure D

was not conducted in Phase [I.

Figure 1 - Toyota CoroHa Procedure C and Phase 1] Results

Toyota Corolla
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In Figures 1 and 2 note the decrease in the final ethanol volume percent from procedure C to
procedure E and then further improvement with procedure F. With regards to procedures C,
E, and F the measured result is not as low as the calculated prediction except the Tovota

Corolla procedure F. In the case of the Toyota Corolla the predicted results for procedures C,
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E, and F were less than 0.01% ethanol by volume based on the low relatively low residual

fuel value, Procedure F measured result in the Toyota was 0.01%.

Figure 2 — Mitsubishi Galant Procedure C and Phase 11 Results

Mitsubishi Galant
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2. SwR1 had the idea that the two minute idle step was not sufficient to completely mix the fuel
in the tank after the fuel was added. Note there are two idle steps in flush procedures B, C, E
and F. If the mixing was not complete, then the fuel removed in the next drain step might
have less ethanol by volume percentage than the average of all the fuel in the vehicle system.
It was theorized that this was a contributing factor to the disagreement of the predicted
results and the measured results. The C modified flush procedure was developed to ensure
complete mixing of the fuel in the vehicle system after adding flush fuel. In the € modified

procedure the two minute idles were replaced by the ten mile driving procedure.

Members of the CRC were concerned about the time and labor involved in performing the
ten-mile drive procedures or even a potentially shorter procedure. The CRC directed SwRI
to conduct a modified E flush procedure. In this procedure the vehicle is idled twice for 2

minutes, During each two minute idle step the rear-end of the vehicle is rocked from side to
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side for 15 seconds. This operation was accomplished with one person on either side of the

vehicle.

Refer to Figures 1 and 2. The C modified procedures conducted on the Toyota Corolla and
the Mitsubishi Galant resulted in lower measured results than the comparable procedure C
measured result. 1t is concluded that this is due to the mixing of the fuel in the fuel system
during the ten-mile drives in the modified C procedures, which replaced the 2 minute idle
steps. In the case of the C modified procedure conducted on the Toyota Corolla, the
measured result was 0.01% ethanol by volume, which is essentially equal to the predicted
result of 0.0%. The measured procedure E modified result on the Mitsubishi Galant was
0.21% which is less than the procedure E result but not as low as the predicted result of

0.13% ethanol by volume.

B. TEST VARIATION

Except for the repetition of Flush Procedure A in the Toyota Corolla all the flush effectivencss
tests were single point data. This section is a discussion of a few items that would affect the test
variability. The amount of fuel removed in a drain procedure is a variable, With the Nissan
Maxima parked in the same spot, a short repeatability study with the same operator was
performed. The tuel drained into the graduated cylinder was poured into the tank and measured

three times. The amount of fuel removed for each trial is listed in Table 6.

Table 6 — Drain Procedure Repeatability

Trial Number | Amount of Fuel Removed
1 1060 ml
2 1020 ml
3 1025 ml

Based on this data, the repeatability of the drain procedure appears to be good. However, in
practice, tank angle could cause variation. The last 400-500 ml drained very slole. Often the
fuel stream was temporarily reduced to droplets before the pump would pick up more fuel. A

different technician may have decided to discontinue the fuel drain procedure with the residual
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fuel amount plus 400-500 m! of fuel left in the vehicle system. This would have an adverse

affect on the reproducibility.

To determine the system residual fuel volume the technicians removed as much of the fuel from
the vehicle fuel system as possible before adding a known quantity of Fuel H. Some amount of

fuel may have been inadvertently left in the tank or the fuel lines.

The ASTM D 5599 test method has a published reproducibility for ethanol by weight percent
value based on the true value of the sample. This is also a source of variation as shown below in

both the initial sample and the final sample ot a tlush test procedure.

Table 7 — D 5599 Reproducibility

Component Reproducibility
Weight Percent
0.20% 0.07%
0.50% 0.16%
1.00% 0.27%
5.00% 0.98%
10.00% 1.70%

V1. CONCLUSIONS

1. The residual fuel left in the system after draining is a major factor affecting fucl tlushing
effectiveness.

2. Tt is important to allow the vehicle fuel pump to continue to run when performing the
draining operation until no more fuel can be drained.

During the flushing procedure, the tank needs to be agitated after each fuel loading to ensure

LR ]

that the residual fuel is mixed with the incoming charge to improve the flushing efficiency.

4. Flushing Procedure E Modified provided the best flushing efficiency at minimum flushing
fuel addition.

5. A calculation method was developed to predict the theoretical flushing efficiency, which

assisted in assessing and understanding the various flushing procedures.
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Appendix F:

Fuel Tank Capacity Estimation and Theoretical RVP Derivation



Appendix F:
Fuel Tank Capacity Estimation and Theoretical RVP Derivation:
The field data recorded the initial fuel tank level, amount of fuel dispensed, and

RVP of fuel in the tank and of dispensed fuel. Theoretical RVP was computed
using the following formula:

* *
(Vinitial + Vheel) RVPremaining fuel + Vdispensed RVpclispensed

RVP theoretical —

(Vinitial + Vheel + Vdispensed)

The above formula is readily used for fillup case since the amount of fuel
dispensed can be converted to fraction of fuel tank capacity (i.e., 100% less initial
fuel tank level), as shown in the diagram below.

However, in the cases of non-filiup observations, the formula cannot be used
without fuel tank capacity information. Unfortunately, this information was not
part of the field data. As a result, staff estimated non-fillup fuel tank capacity
based on the fillup cases observed. First, the fillup data were categorized into 2
vehicle classes: passenger vehicle and light duty truck, including minivan, and
their average tank capacity were computed as 16 and 24 gallons for passenger
car and light-duty truck, respectively. Staff then compared Ford model vehicle
averages computed using this methodology to information provided by Ford
Motor Company data, and the results were close. Using the average tank
capacities computed, staff estimated the fraction of fuel dispensed for non-fillup
case.



Appendix G:

Descriptive Statistics for Fueling Events that Dispensed Non-Ethanol-Blended
Gasoline into Non-Ethanol-Blended Gasoline
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Appendix H:

Descriptive Statistics for Fueling Events that Dispensed Ethanol-Blended
Gasoline into Ethanol-Blended Gasoline
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Appendix [:

Descriptive Statistics for Fueling Events that Dispensed Ethanol-Blended
Gasoline into Non-Ethanol-Blended Gasoline
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Appendix J:

Descriptive Statistics for Fueling Events that of Dispensed Non-Ethanol-Blended
Gasoline into Commingled Gasoline
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Appendix K:

Descriptive Statistics for Fueling Events that of Dispensed Ethanol-Blended
Gasoline into Commingled Gasoline
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Appendix L:

“Addition of Non-Ethanol Gasoline to E10 — Effect on Volatility”, Ted Aulich and
John Richter, University of North Dakota Energy & Environmental Research
Center, Grand Fork, North Dakota, July 15, 1999.



é Addition of Nonethanol Gasoline to E10 — Effect on Volatility
@Energy & '

! Ted Aulich, John Richter
E tal N ’
R::;::?—:IT ena University of North Dakota Energy & Environmental Research Center
Center Grand Forks, North Dakota, July 15, 1999

To investigate the effect on volatility of mixing or “commingling” nonethanol gasoline with
“E10" (a blend of 10% ethanol and 90% gasoline), the University of North Dakota Energy &
Environmental Research Center (EERC) measured the Reid vapor pressure (Rvp) of a series of
gasoline-E 10 blends. The two base fuels used to prepare the commingled test fuels were a
Minnesota Summer 1998 E10 and a Minnesota Autumn 1998 gasoline that contained no ethanol.
Prior to performance of the commingling investigation, a short series of experiments was performed
to look at the volatility effect of low-level ethanol addition using a Minnesota Summer 1998
nonethanol gasoline. Table 1 provides data on the three fuels. All Rvp measurements were
performed according to American Society for Testing and Materials (ASTM) Procedure D5191, fuel
composition data were obtained via ASTM D1319, and ethanol contents were determined using
ASTM D4815.

Table 1 — Base Fuel Properties

Fuel Type Rvp, psi Olefins Aromatics Saturates Ethanel
Content, vol% Content, vol% | Content, vol% | Content, vol%
Summer E10 991 33 222 64.8 9.7
Autumn Gasoline 9.85 6.7 282 65.1 0.0
Summer Gasoline 8.69 16.3 209 62.8 0.0

Figure 1 illustrates the effect on volatility of blending low levels of ethanol in gasoline, and
indicates the initial occurrence of a 0.93-psi Rvp increase over base fuel at an ethanoi content of
about 2 vol%. This characteristic “ethancl bump” can range from about 0.9 psi to 1.5 psi, depending
on base fuel chemistry, and is at a maximum over an ethanol content range of about 2 to 12 vol%. At
ethanol contents exceeding about 12 voi%, the effect of the bump gradually decreases with
increasing ethanol content (1,2). The effect of the ethanol bump on commingling is described by the
data in Table 2 and illustrated in Figure 2. Because of fuel volume limitations, these data are the
result of single-point analyses. While duplicate or triplicate analyses are required for derivation of
statistically valid and defendable conctusions, the data are sufficient to iflustrate the commingling
trend. As shown in Figure 2, Rvp increases steadily with increasing gascline addition until reaching a
maximum at an approximate 80/20 gasoline/E10 mix, and then decreases rapidly. In addition to
measured Rvp values, Figure 2 also shows ) a line representing an “idealized Rvp baseline” that
would result from blending two hydrocarbon-only fuels with Rvp values of $.91 and 9.85 psi, and
2) an “ethanol-free” Rvp baseline that would result from blending two hydrocarbon-only fuels with
Rvp values of 8.98 psi (the estimated Rvp of the E10 base gasoline, calculated by subtracting 0.93
psi from the E10 Rvp of 9.91) and 9.85 psi.

Figure 2 corroborates the occurrence of a significant ethanol bump at 2 vol%. The figure
shows that maximum Rvp occurs at an 80/20 mix, which corresponds to a commingled fuel ethanol
content of about 2 vol%. Figure 2 and other data (1,2) indicate that Rvp is fairly constant over an
ethanol content range of about 2 to 12 vol%. Based on al! of these data, it appears likely that use of a



Figure 1. Volatility Effect of Ethanol Addition to Gasoline
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Figure 3. Addition of Nonethanol Gasoline to E5
Theoretical Volatility Effect
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lower ethanol-content blend would push the Rvp maximum toward the y-axis, thereby reducing the
maximum. Although the measured-value line and the ethanol-free baseline should remain essentially
parallel for fuel combinations to the left of the Rvp maximum (corresponding to commingled fuel
ethanol contents of about 2 vol% and higher), a lower ethanol-content blend should produce a
reduction of Rvp (compared to E10) for fuel combtinations to the right of the Rvp maximum
(corresponding to ethanol contents of 2 vol% and lower). The net effect would be shrinkage of the
area between the measured-values line and the idealized baseline, which means an overall reduced
Rvp elevation impact. Although this impact needs to be quantified empirically, a theoretical ES
impact is iflustrated in Figure 3.

The [imited investigations described here indicate the need for further data acquisition to
establish statistically valid conclusions regarding vapor pressure effects of commingling. The effect
of ethanol content should be evaluated to establish whether use of lower ethanol-content blends
(such as 5.7 vol%, which corresponds to an oxygen content of 2%) could significantly reduce the
overall commingling-derived Rvp elevation effect. The effect of gasoline composition should also be
evaluated, because the work described here was performed using only conventional gasolines with
limited variation in contents of olefins, aromatics, and saturates. Data is needed for a variety of EPA
Phase 2 RFG and California Air Resources Board Phase 3 RFG fuels.

Table 2 — Volatility Effect of Nonethanol Gasoline Addition to E10

E10 Content, vol%o Gasoline Content, voi% Rvp, psi
100 0 9.91
95 5 993
80 20 10.08
65 35 10.15
50 50 1034 °
35 65 10.44
20 80 10.51
12 88 10.34
5 95 10.14
0 100 9.85
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Input and Output Specifications for a Simulation
Program to Estimate the Potential Range of the
Emission Effect of Ethanol in Gasoline due to
Commingling

David M. Rocke
University of California, Davis

March 27, 2000

The simulation program comming is a DOS/Windows executable that takes an
input file with lines each of which specifies a run, and produces a text output file with
the results. Table 1 gives the definitions of the input variables, and Table 2 gives the
definitions of the output variables. The program is executed from the command line
in DOS or in a windows shortcut as

comming < infile.txt > outfile.txt

where infile.txt is an existing input file and outfile.txt is the name of the output
file to be created. A single run should take no more than one or two seconds per run.
For example, a 216 line input, which produces 216 runs of the program, took less
than 6 minutes on a 233MHz Pentium II.

The output variable meanrvp is the mean RVP increase over the same mixture of
gasolines with no added oxygenate. The output variable mean2rvp is the mean RVP
increase that would occur with the same gasolines (one oxygenated and one not) but
with no commingling. The difference is the commingling effect. For example, the run
shown in the tables had a 90% market share for ethanol gasoline with a base RVP of
7 and 5.7% ethanol. The other 10% of the market is RVP 7 non-oxygenated gasoline.
The addition of the ethanol without commingling raises the fleet average RVP by
1.055 PSI. With commingling, this becomes 1.136 PSI, so the commingling effect is
1.136 - 1.055 = .081 PSL.



Table 1: Input variable specifications for program comrming

Program Variable Description Example

ethpct Percentage of ethanol in the ethanol fuel 5.7

rvpbase Base RVP of the non-oxygenated fuel 7

ethrvpbase Base RVP of the ethanol fuel before blending 7
ethanol

npurch Number of purchase events per vehicle in the 100
simulation

npers Number of individuals simulated 1000

thetap § = Market share of ethanol gasoline 0.9

alphapbetap a + 3 where the distribution of the purchase 10
probability p; for individual ¢ is Beta(ea, §)

thetal Mean fraction of the tank used before fillup 0.3

alphapbetal a; + 8 where the distribution of the tank 5
fraction used is Beta(o, Bi)

thetaff Mean fraction of the time that the tank is 0.8
filled

alphapbetaff ayp + 055 where the distribution of the 5
probability of filling the tank =, for individual
1 is Beta(ayy, G5f)

thetaf Mean fill fraction when the tank is not filled 0.6
completely

alphapbetaf aj + By where the distribution of the tank 2

fraction filled is Beta(ay, G5}




Table 2: Output variable specifications for program comming

Output Variable Description Example

ethpct Percentage of ethanol in the ethanol fuel 8.7

rvpbase Base RVP of the non-oxygenated fuel 7

ethrvpbase Base RVP of the ethanol fuel before blending 7
ethanol

alphap o where the distribution of the purchase 9.0
probability p; for individual 1 is Beta(a, 5)

betap 3 where the distribution of the purchase 1.0
probability p;: for individual ¢ is Beta(a, &)

alphall cy; where the distribution of the tank fraction 1.5
used is Beta(o, ;)

betal f3; where the distribution of the tank fraction 35
used is Beta{oy, 3))

alphaff a s where the distribution of the probability 4.0
of filling the tank #; for individual 4 is
Beta(cys, By5)

betaff ags + By5 where the distribution of the 1.0
probability of filling the tank m; for individual
1 is Beta(aysy, Brys)

alphaf ay where the distribution of the tank fraction 1.2
filled is Beta(ay, 5y)

betaf By where the distribution of the tank fraction 8
filled is Beta(ay, 3f)

meanrvp Mean RVP increase of all gasoline burned in 1.136
the simulation

mean2rvp . RVP increase with the same market share 1.055
and no commingling

sdrvp Standard deviation of the RVP increase across 136

all tank fills




The UCD Simulation Model
FORTRAN Code

program comming
use msimsl

implicit none

integer npurch, npers, iseed
real*s theta,alphapbeta,alphap,betap,alphal, betal
real*g thetap, alphapbetap
real*§ thetal, alphapbetal
real+*8 thetaf,alphapbetaf
real*s thetaff,alphapbetaff
real+*g alphaf,betaf,alphaff,betaff, pi0, ppurch
real*s rannum(10)
real*8 tankcap, tankpct, ethpct, tankfill, tanklev, tanklevold
real*8 rvpbase, ethrvpbase, tankrvpbase
real+ 8 meanrvp, sdrvp, mean2rvp
integer initpurch, i, j
real+*s, dimension (:,:} , allocatable :: rvpvec,gasusedvec
real*8, dimension (:,:) , allocatable :: ethpctvec,rvpbasevec
real=*8 rvphoost
external rvpboost
npers=1000

do while(npers.gt.0)
iseed = 2345872
call rnset (iseed)

read*, ethpct, rvpbase, ethrvpbase, npurch, npers, thetap, &
alphapbetap, thetal, alphapbetal, thetaff, alphapbetaff,
thetaf, alphapbetaf

alphap = thetap*alphapbetap

betap = alphapbetap-alphap

alphal = thetal*alphapbetal

betal = alphapbetal-alphal

alphaff = thetaff*alphapbetaff

betaff alphapbetaff-alphaff

alphaf thetafralphapbetaf

betaf = alphapbetaf-alphaf

if (npers.le.0} exit

it

allocate (rvpvec (npers,npurch))

allocate (gasusedvec{npers,npurch))
allocate {ethpctvec {npers, npurch))
allocate (rvpbasevec {npers,npurch))

tankcap=20.0
initpurch=20

do i=1,npers

generate for individual i the propertion ppurch
of times that eg is purchased, the probability pid



that the tank is filled completely.

call drnbet (1,alphap, betap, rannum}

ppurch = rannum(l)
call drnbet (1,alphaff, betaff, rannum}

piO=rannum(l)
initial tank fill, random choice from g and eg

tanklev=tankcap
if (drnunf () .lt.ppurch) then
tankpct = ethpct
tankrvpbase=ethrvpbase
else
tankpct = 0
tankrvpbase=rvpbase
endif

first initpurch fills are not counted
de j=1, initpurch
how much has been used?

tanklevold=tanklev
call drnbket (1,alphal,betal, rannum)
tanklev = rannum{l}*tanklev

fill to what level?

if (drnunf() .1lt.pi0) then
tankfill=tankcap-tanklev

else
call drnbet(1,alphaf,betaf, rannum)
tankfill = rannum({l)* (tankcap-tanklev-1)+1

endif

fill with what kind of gascline?

if (drnunf(}.lt.ppurch) then
tankpct = tankpct* (tanklev+l)+ethpct*tankfill
tankpct=tankpct/ (tanklev+tankfill+1)
tankrvpbase = tankrvpbase*{tanklev+l)+ethrvpbase*tankfill
tankrvpbase=tankrvpbase/{tanklev+tankfill+1)

else
tankpct = tankpct* (tanklev+1l)
tankpet=tankpct/ {tanklev+tankfill+l)
tankrvpbase = tankrvpbase* (tanklev+l) +rvpbase*tankfill
tankrvpbase=tankrvpbase/ (tanklev+tankfill+1)

endif

tanklev=tanklev+tankfill

enddo

next npurch fills are recorded

do j=1,npurch



how much has been used?

call drnbet (1,alphal,betal, rannum)
tanklevold=tanklev

tanklev = rannum{l)*tanklev
gasusedvec (i, j)=tanklevold-tanklev
ethpctvec (i, j)=tankpct
rvpbasevec (i, j) =tankrvpbase

fill to what level?

if {(drnunf(}.lt.pio) then
tankfill=tankcap-tanklewv

else
call drnbet {(1,alphaf,betaf, rannum}
tankfill = rannum(l)* (tankcap-tanklev-1}+1

endif
£fill with what kind of gasoline?
if (drnunf () .lt.ppurch) then

tankpct = tankpct* (tanklev+l)+ethpct*tankfill
tankpct=tankpct/ {tanklev+tankfill+l)

tankrvpbase = tankrvpbase* (tanklev+l) +ethrvpbase*tankfill

tankrvpbase=tankrvpbase/ (tanklev+tankfill+1}
else

tankpet = tankpct* (tanklev+l)

tankpct=tankpct/ (tanklev+tankfill+1)

tankrvpbase = tankrvpbase* (tanklev+l) +rvpbase*tankfill

tankrvpbase=tankrvpbase/ (tanklev+tankfill+1}
endif
tanklev=tanklev+tankfill

enddo
enddo
do i=1,npers
do j=1,npurch

rvpvec (i, j)=rvpboost (ethpctvec{i,j),rvpbasevec (i, j))
enddo
enddo
meanrvp=90
do i=1,npers
de j=1,npurch

meanrvp=meanrvp+rvpvec{i,j)
enddo
enddo
meanrvp=meanrvp/ (npers*npurch)
sdrvp=0
do i=1,npers
deo j=1,npurch

sdrvp=sdrvp+ (rvpvec (i, j) -meanrvp) **2
enddo
enddo
sdrvp=sqrt (sdrvp/ (npers*npurch-1))

meanz2rvp=rvpbeost {ethpct,ethrvpbase) *thetap
print 1000, ethpct, rvpbase, ethrvpbase,alphap, betap,alphal,betal,
alphaff, betaff,alphaf,betaf, meanrvp, mean2rvp, sdrvp

&



1000 format(11f£9.5,3f8.5)
deallocate (rvpvec,gasusedvec, ethpctvec, rvpbasevec)
enddo
end

real*8 function rvpboost (ethpct, rvpbase}
implicit none
real*8 ethpct, rvpbase,a,b,c,d, denom, rvpmax, rvpad]
rvpmax=1.1l1
a=1/rvpmax
b=1.8455155595
=-0.764052039
d=0.83725739374
denom=a+b*ethpct+c*ethpct**2+d*ethpet*+*3
rvpboost=1.11-1.0/denom
rvpadj=.05*(8.4-rvpbase)
rvpboost=rvpbcost* (rvpmax+rvpadi) /rvpmax
return
end



Appendix N:

Consumer Ethanol Fuel Purchase Propensity



Appendix N:
Consumers Ethanol Fuel Purchase Propensity

One of the tasks in estimating commingling impacts was considering non-loyal
consumers’ ethanol purchase propensity, which defines the likefihood of
purchasing ethancl-blended gasoline in a mixed ethano! and non-ethanol
gasoline marketplace.

In the loyal consumers’ case, the issue is straightforward. The consumers are
grouped into two extremes: those who always buy ethanol-blended gasoline (100
percent ethanol purchase propensity) or those who always buy non-gthanol
gasoline (0 percent ethanol purchase propensity), by the virtue of adherence to a
fuel brand. The corresponding ethancl market share scenario being analyzed
determines the proportions of these subgroups. For example, if ethanol market
share were 25 percent of the total gasoline market pool, for example, loyal
consumers belonging to the first extreme “always buy ethanol-blended gasoline”
would be 25 percent of the total loyal consumers while the rest would belong to
the other extreme “always buy non-ethanol fuel.”

Unlike loyal consumers, ethanol purchase propensity for non-loyal consumers
could not be observed in the field, nor could it be deduced from the gasoline
brands they purchased; there is no source for such data. As a result, the model
randomly assigned each non-loyal consumer with a fixed ethanol purchase
propensity value that lies between the two extreme values of loyal consumers,
i.e., between 0 percent and 100 percent. From the propensity values assigned, a
frequency distribution plot illustrates the relative number of non-loyal consumers
who fall into a predefined range (e.g., 5 percent). On average, the overall non-
loyal consumers purchase propensity value must equal the corresponding
ethanol market share scenario being modeled.

For a given market share, the distribution of non-loyal consumers ethanol
purchase propensity was assumed to follow three kinds of beta distributions (a+p
equals 1, 2, or 5). A distinct feature that distinguishes these distributions is the
frequency in which each propensity value is assigned. If a majority of non-loyal
consumers is assigned a similar propensity value, it means they behave similarly.
As a result, the frequency distribution plot shows a spike around that value. This
approach leads to higher commingling impacts, and is called a more
conservative scenario (o+p=5). For example, if ethanol market share were 50
percent and everyone had similar purchase propensity behavior, then for this
scenario the non-loyal consumers would be tightly clustered around 50 percent
ethanol purchase propensity mark. These consumers would always be equally
likely to go to either ethanol or non-ethanol fuel stations. As a result, the
potential commingling impacts for this approach is highest since significant
amount of mixing of the two fuels is expected to take place.



In contrast, a less conservative scenario (a+p=1) assigns more non-loyal
consumers around 90 percent and 10 percent propensity values than a more
conservative scenario («+B=5). That means, although consumers use several
brands of gascline, one of the brand will be use more than the others. Overall,
this approach represents a more diverse consumer behavior, so a lower
commingling impact will result. In this report, staff assumes that the base case
scenario {a+p=1) lies between the more conservative and less conservative
scenarios. In fact, the base case scenario assumes that non-loyal consumers
are uniformly distributed between 0 and 100 percent propensity values.

The following figure graphically illustrates the above three scenarios. A series of
beta distribution curves was plotted with a mean at 0.5 that indicates a 50
percent ethanol market share case where a maximum commingling impact is
expected to occur. The shaded area under each curve represents the proportion
of non-loyal consumers who are assumed to have ethanol purchase propensity
between 40 percent and 60 percent. The more conservative scenario assumes
32 percent of consumers fall into this category while the base case and less
conservative scenarios assume 20 percent and 13 percent, respectively.



Customers Ethanol Purchase Propensity Distribution

For 50% Ethanol Market Share
(Beta Distribution, a+p =1, 2, or 5)

=3

a+f
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Customers Ethanol Purchase Propensity



Appendix O:

Simulation Model Output
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Appendix P:

"Analysis Of Commingling Due To Ethanol Blends,” Gary Z. Whitten, Systems
Application International, May 1999.



ANALYSIS OF COMMINGLING
_ DUE TO ETHANOL BLENDS

Gary Z. Whitten
Systems Applications Intemationzal
blay 1999

- The U.S. EPA revised its treatment of commingling effects due to ethagol in Jate 1993 as part of
the proposed Renewable Oxygenate Rule (ROR} for Reformulated Gasoline (BFG). The new
appraisal was origivatly published in the Regulatory Impact Analysis (RIA) for Reformulated

., -Gasoline (Draft of 17 December 1993}, Muost of the informarion was subsequently published in
. 1994 as SAE Paper No. 94076. The original EPA appraisal of the commingling effect is

available iz a memorandurn dated 29 December 1987 from C. Harvey to P. Lomng. According

to the EPA's revised estimate, commingling seems like a greater problem than it did in the
ariginal EPA appraisal. However, as discussed below, the update on commingling appears to be
significantly exaggerated, which means that this issue remains unceriain and controversiat,

The previous EPA estimates of commingling were built into the MOBILE model basad on the
1987 memorandum, The MOBILE 5a model was psed at SAT ta evajuars commingling and the
maximum impact (when the market share is 50 percent with blends containing 10 percant
ethanel), The effect appeared to ba small, typicaily equivalent to only about 5 0.1 psi boost in
RVP. However, this impact estimaiz is based on clear gasoline as the altemate fuel, [Fthe
alternate fuel has MTBE, then the RVP boost due to commingling is reduced to ooly about 0.05
psi. Considering that the blending of ethanal is often considered 10 baost RVP by nearly 1 psi,
the commingling effect appeared to be small and comparable to the experimental uncertainties in
either the vapor pressirs increases due to ethanol or the ability to measure any RVP valne,

Both the eriginal and the revised commingling evaluations are largely based on an ARCO paper,
which includes an analysis of commingling of alcohol blends containing methano! {i.e., oxinol).
The ARCO paper was prosented at the 1985 Houston meeting of the Natdonal Petrolenrn Refiner
Association by J.M DeJovine, W1, Piel and J H. Baudino; the paper was eatitled "Evaporative
Emission Studies (Gasoline Methanol}." QOxinol mixed with ¢lear gasoline cag increase RVE by
1.4 psi with as little as 1> percent of the methanol-containing fuel present. The anthors of the
ARCO paper claimed that the tmost probable maximum fleet-wide impact by oxinol due to
comuningling would be enly 2 0.16 psi increase in RVP. Since ethanol is usually considered to
increase RVE approximately | psi compared to 1.4 psi by oxinol and since this increase is aot
reached until over 20 percent from Ei0 biends mixed with clear gasoline, then the expectation,
based on the ARCO study would be an E10 commingling impact on {lest-wide RYP of less than
0.1 psi. Also since the ethano] impact is known to be significantly diminished if the alternate
fuel cantaing MTLE, then the commingling expectation could be rednced further, Finally, if, 25
the EPA argues, that ethanol used in the RFG program will most aften be only 5.7 percent (i.c.,
not E10), then the comminaling would again be reduced sven further siil. Yet the revised EPA



estunate for ethana] shows fleet-wide impacts as high as 0.4 pai increases in RVP. Heace, the
revised commingling estimate by the EPA is arguably 10 times worse than what might be
expected from the ﬁRCG ana.l;vsm aveén thc:nugn the EPA still ciaims to base its estimate on the
ARCO study. -

According to the figures in the 1993 RIA, the EPA re-evalnation seems 1o show effects on a per
galion ethanol basis as great as & full extra 1 psi increase in RVP {or even greater) depending on
the assumed market share. Given the large discrepancy with previous estimates of commingling,

~. it is very important that tl:us te-evaluation be tech.mmlly suund and careﬁ;l]y remewad bv the

techrical :ﬂmmumry g .
BPL I "'."I.""'- LI P f'

_A cummmghng :ﬂi:::t af etham:rl blends can exist whether the ethanoel is match or splash blended,
An B RVP blend with 10 percent ethanoi can be mixed (i e, commingled) with an 8 BV clear
gasoline to produce essentially a 9 RVP mixture over a wide range of mixing ratios. This occurs
becanse the nominal t psi boost in RVP can appear with as little as 2 percent ethano! in tha final
miixture, but the RVP boost does not appreciably increase when the ethanol content is raised to
10 percent. For example, switching from a 10 percent blend to clear gasoline when the tank is
0.2 full will dilute the ethanel wlume down ta 2 pcmcnt yer retain nearly the full 1 psi RVP

boost.

T’he important variables in commingling are many, and no comprehensive studies have been
performed to date, that can be used to independently verify all the parts to the EPA's revised
analysis. From cur examination of that analysis, it appears that at virtually each step the EPA
has arbitrarily chosen w interpret or modify da.ta so that commingling estimates are maximized.
The variables ars heIow

Customer Lovaliy

According to the EPA, two sets of data are available on brand loyalty.  The frst, noted above,
was submitted to the EPA in 1981 by ARCO as part of the oxinol waiver requeest. The EPA
attempted to plot varicus loyalty curves in their Figures 1 through 3 of the RIA (reproduced
kere). The four available ARCO data points are plotted i the EPA's Figurs 3 as cumulative
percentage values with straight lines connecting the four points, plus straight lines from zero to
the [owest data point and from 100 percent down to the highest data point. This set of straight
lines is the only cbjective graphical presentation of lovalty data piven by the EPA. Our Fipurs
3a shows two other possible curves (A and B) that pass through the data. The EPA created two
new loyalty curves (2 and 3} that compound misinterpretation upon misrepresentation of the
ARCO data as given in EPA Figures 1 and 2. The EPA appears ta treat the cumulative ARCO
data as if they were a population distribution {or what is sometimes called frequency
distribution). A distribution plot is the derivative of @ cumulative plot and, vies versa, the
cummlative plot represents the integral of a distribution plot. We have also included Figure 6
from the ARCO paper cited above, Iote that the ARCO piot is a "bar” graph and the EPA

-2



version of the same data is a "line” graph _ .

The most important single ARCO data point is that 63 percent of the pepuiation claims to be 75
percent, (or higher) brand loyal. It means that the area under the population distribution plot
should be 63 percent of the total area under the plot. This single ARCO data point alse meaps
that 63 percent af the papualation use the same brand in at least three out of four trips to buy
gasoiine.- It would be consistent with this data point to interpret the fourth fill-up as modom.

" However, the EPA claims that this (63 perceat) data pont (as they have plotted it in their Figure

1) implies something about an inordinately high percentage of the population being 100 percent
brand loyai. We sec no merit to such a claim The ARCO peper does not make any claim about
100 percent loyalty. In fact, the ARCO paper states "This survey indicatad that consumers are
quite brand [oyal 2nd that §3% of those surveyed bought their favorite brand at least 75% of the
tme," L - : , . .

-
L]

The EPA's Figures T and 2 arc similar to frequency distribution plats, 'In such plots the ARCO

data point of 63 percent (with 75 or higher percent loyalty} wonld imply only that the area under

the curve between 75 and 100 on the x-axis is 63 percent of the tatal population. There is no

informatien given in the ARCO data on the distribuiion of brand joyalty between 75 and 100

_ percent, we only know that 63 percent of the customers are {o this box, The ARCO data does not
and need not provide any information on 106 percent loyalty.

We have reproduced {us our Figure 3a) the curves from the EPA’s Figure 3 (cumulative plot).
Crar Curve A, shown in Figure 3a, passes through the ARCO data and, in line with the EPA's
concern, shows a negligible fraction of the population maintaining 100 percent loyalty. Note that
Curve A addresses EFA’s concern without resorting to the ereation of totally new loyalty curves.
Only the curve between the 75 percent loyal point (see Figure 3a) and 100 percent loyalty is
significacrly affected in our Curve A, while the EPA's Curves #2 and #3 affect all points on the
cumulative plot. That is. in creating their Curves #2 and #3, the EPA have essentizlly thrown out
the entire ARCO survey just to "{ix" the distribution at and near 100 percent loyalty. We have
also [rted a curve (Curve B) at the other extreme with a high population at 100 percent layalty,
which still preserves the ARCO data  Curve B will be used below as a sensitivity test. Note thet
while Curve A addresses EPA's concern over 100 percent loyalty, Curve B is still consistent with
seme new MPD) data showing 37.8 percent of the population claiming to nse only one brand.

Since the diswibution-type plots should be the derfvative of the cumulative plots, we have
constructed the plot shown in our Figure 2a from the finite differences (at 5 percent intervals) of
the curves shown in Figure 3a. It is very important ta note that the two curves developed by the
EPA bear little relation t¢ the ARCO data as the EPA has plotted them in EPA Figures 1, 2 and
3. The EPA calls its Curve #2 "an attempt to retain the gerera| wend of the ARCO daza vet
adjust for the concept that there would be a decrease in the percentage of ewners with high
loyaltics {80% to 100%)." In their computer model, COMMINGLE, the EPA states that Curve
#2 is "fitted to the ARCQ data.’ The y-axis "percentage” values in the EFA's Figures | and 2
appear (o show that Curve #2 follows the ARCO data up to 75 percent lovalty, yet our Figure 2a



shows that Curve #2 never fallows the ARCO data

It toust be remembered that the only reason the EPA gave for ¢ creatiy Curves ¥2 and B3 was the
belief that EPa Figure 1 implid some "eemingly large percentage of custnmm that havc 100%
brand loyalty.” Yet we have just shown in ot F:gm-c 2a that there is nza]]y no such pmblam
with 100 percent brand loyalty.” Our Curve' A i8Sés the ARCO datd 28 is and still has egseitially
zero population at 106 percet loyalty! Iris; thefefof, Sur :onﬂumqn'tﬁarau e refers
1o Curves #2 and #3 in the FPA's veiall analy§is Should bé‘dis"c’éfaéif* T nf anunwest
S - oy it e weateaydd AL sboRalnnn s s naiieag e, "‘.'_J.._*:
- The EPA huwﬂ'er claims that a Second data sét. from'the¢ NPD Graip Incmp-;.rated, SEDPOTtS its
" assumptions creating Curve #2. mmmmwmarsm almj.vlusenn:brandaud
an additional 5§1.2 percent use two or thrée bratids. “ Thus, §9 percent iseé three or fewer brinds,
We find this wholly consistent with the ARCO data point showing 63 percent using one brand in
at least three of four gasoline purchases. If the fourth fill-up in the ARCO data is considersd
random, then several gther brands could be involved. Yetf the EPA eonsiders that the NPD data
‘'on1 using twao or three brands indicates & loyalty of only 40 to 60 percent. The ondy way to
convert two brands to something iike 50 percent brand loyalty would be to assume 2 random
 (e.g., fifty-fifty) disaibution between the two brands, “We see no basis, especially in view of the
ARCO data, to make such an assumption to convert the NPD data to brand foyalty data. Other
than the 37.8 percent who claim only one brand, the rest of the NPD data cannor objectively be
converted ta brand loyaicy dam unless !:he cnmpiet-: armthems of “lﬂyalt}r" (ie. randomn&ss) is

assumed. -

Refueling Patterns

The tmportance of commingling depends oq the amount of gasolipe left in the tank and how
much i3 added to the tank when a customer does change from an ethanal blend to some other
gasolipe. The EPA Figures 4 and § show some actual data taken from a General Motors survey
of over 1100 refueling evems. In constructing its new commingling mode| the EPA has here too
chosen ta madify actual data for unsupported reasens. These unnecessary modifications further
exaggerate the 1993 revised estimates of the commingling effect. The EPA made two
modifications to the data shown in EPA Figure 4 and a further modification to the datz used to

construet EPA Figure 5,

Une apparently arbitrary EPA modification is to assume that the zero gauge indication before
refueling really means a 10 percent heel. That is, the EPA bas arbitrarily added 10 peccent of
tank capacity to ail readings. This means that there can be no percentage of the population which
drive with the indicator needle below the 2ero gauge level or ever run out of gasoline, We also
test the sensitivity of this assumption below using the commingling model. The oext
moedification, shewn in EPA Figurs 4, is 2 smogthing of the data because the EPA believes the
unevensess in the real data at the 0.2 fraction of tank capacity point may reflect anomalies in the
metheod of reperting. We believe that with 1100 refueling events a statistienily sound variance



can he cemputed and chis should be consistent with the EPA smooathing function. As noted
above, the critical region for commingling from 10 percent ethanol blends seours near the 0.2
fraction for refueling. That is, below this 0.2 fraction the RYP boost drops rapidly to zern. The
EPA appears to have biased the commingling estimate by first shifting atl the data above
arbitrary 10 percent heel, and then smoothing down by some 35 percent the reported data ar the
eritical 0.1 gauge reading (0.2 fraction of tank capacity with heel). ... - ooy,
. - . e w Ctwr Y L [ LI R
EPA Figure 5 illustrates the nexat EPA modification of real data ~Fhis figure was constructed for
. refilling from a zere gauge reading (0.1 left in tank due to heel). {The EPA eppears to claim that
‘the full fil-up must be over-represented hecanse people watch their gas gauge and stop refueling
-when the gavge indicates fuil. .It is our understanding thar a very large fraction of the population
instead use the shut-oif valve on the refueling pump as an indication of a Rl tznk. Many people
also turn the ignition key off when refueling, which renders most gavges inoperative. Moreover,
mast pew vehicles bave 2 time-delay gauge circuit to prevent rapid aeedle fluctuations-so that the
gauge (if it were being used during filling) would not register full until a few minutes after the
tank were actually full. Hence, we do not accept EPA's rtionale for reducing the real datz on
full tank refueling Although in California, at least, it is against the law to "top off” a tank once
the shut-off valve has stopped the fueling process, we are aware that "topping of " rarely exceeds
10 pereznt of tank capacity. Yer the EPA arbitrarily cuts nearly in haif the reported 43 percent of
the population whao atempt to completely fill their tanks, and furthermore, some of this cut {20
percent of the total population) is then apportioned downward beyond the next (1.1 fraction of
tank capacity (see EPA Figure 5}. All three of these EPA modifications to real or missing data
(the 10% heel, the reduction of the population refueling with a gauge reading of only 0.1 fraction
of tank capacity, and cutting nearly in half the population getting a full tank) serve to bias
upwards the estimate of commingling by reducing the dilution by the new gasoline coming imte
the tank during refualing.

SR N AL T

Vapar Pressure Curves

The last part of the commingling equation concerns the vapor pressure boost created in the tank
after refueling. There are three general factors in the ethanei-inducad vapar pressure effect: (1)
the maxinum increase, (2 the shape of function between zero and the maximum increase, and
{3} the effect of a cosolvens such as MTBE.

‘The meximum increase in vaper pressure from adding ethanol to gasoling has an interssting
histery. In 1987, when the EPA lust evaiuated commingling, the maximum increase in RVP was
belicved to be 0.75 psi based on data submitted to the EPA by the athanol industry. In 1988 the
AP added several higher values to the database which raised the average ethagol-related RVP
boast to a nominat 1 psi. The AP aleo used a regression anafysis, which indicated a small
dependence on the base RVP ( 28 June 1988 AP lener to C. Gray of the EPA), The following
regression equation, which is presumably based on the API letter, is taken from EPA's MOBILE

Sa2 mndel:



RVF .= 1.55324} U?SQS . R‘JP ;

At tht: RFG base RVP of §. 1 ps1 ﬂ:uﬂ equatmn gw&s af. 94 ps: boost fnran ethanol hland

Al ‘,r Gac -

A stud:,r by L. ‘Ii'vu at Lhe: Umversnty uf North Dakota {UND) shuws two uﬂpcrtant points related
to this issue. First as much as 0.2 psi of the RVP boost can come from some highly volatile
.1 cdenatumants used in commercial fuel ethanol. - Second the stody found that water contamination
:: 1 before or during the’ measurement procedure can mpart additional RVP increases as high as 0.5
:_u.,pm The workers a1 UND were unable to reproduce any of the highest API values unless the
rethanol was b:}th d:namrcd b}r the. most volatle h}rdmcarbons (e g., hmanc) a:nd cn:rtamma:ed by
"‘"'.7"-' water . . T ITIEEAEE
.';Nevcnheiess thc EPA, fur the 1993 rcvisiuns to their mumnjngijng mé‘dr.l, chusr.'. 0 use some
-data they had just received from General Motors that gave the highest average ethanol boost yet
in RVP. We have plotted in our Figure 9, the General Motors data cited in Tabls #4 of tie R1A.
- We note that Figure 9 shows that considerable scatter exists in these data points. ' Yat the EPA
has ignored the UND resuits and even the previous equation in favor of the General Motors data.

The CDMMH‘JGLE Model

The EPA sent a copy to SAT of the 1593 computer maodel, CDMGLE uscd to daw:lup
EPA's tevised estimates of the commingling effect. We have several mpunant absewauuns as

follows:

1 Coding errors of major impact were found. For example, the averaging of EVP incresses
is supposed to be over 1000 trips, but 4 coding error uses only the last trip (fixing this
error speeds the running time by = factor of two). The initial RVP is not given for the
first trip. Also the option to use GM or simoothed GM filling data is reversad (although
the mode] saams to give the same result for sither option).

2 Simpie quality assurance (QA) tsts produced incomrect results. For example, zero and
100 percent market share inputs gave commingling effects, as did using 100 percent
brand loyalty.

3 The program is hard-coded for 10 percent sthapoi blends. This was surprising because
the EPA had claimed that 5.7 percent ethanol blends would often be used in the RFG
program. We would expsct the commingling ffect to be non-linear, in that commingling
of a 5.7 percent blend would be much less than half the commingling effect ofa 10
pezrcent blend.,

4 The computer model reats the refueling habits of each owner using random numbers to



e m——

- indmrhml owners in that 43 perc:ent pmhmbiy appear to £11 their tanks virtally gl the

followr lﬂﬂ rr.*uch_ug events for 1000 ndividual owners. Enr:.h u%'ner ge*rs a nnwset af

. tandorn fiumkbers tg seicet the refueling partern in the course of the 100 refueling events, [t
seemns possible that any given owner will have a specific refueling pattern rather than a
rapdom pattern. For example, accoeding to the GM data the largest fraction (specifically
abc:-ut43pmmt}ofmeu\mﬂpﬂpulduunﬁumeutanksaﬂﬂmwa}f That is, the ¢ ;

- :

d‘h

Reg:ardmgtheother side ufthe refueling pattern, those owners who take their tanks dnwﬂ _
some gange reading {¢.g., zero or 0.1), probably do so virtually all the time. Themmpmer";‘t.-
model, on the other hand, treats cach owner like the random population af large. Thatis,” ~ |
mhandwc:jrnwnerﬁl]supaﬂth:mynnly43percentnfﬂmumcandtak=themtanks Z
- down to e different gauge reading every trp. Far owners who always completely fill their
-—tanks and 2lways run the gauge down to a very low level (e.g., heIuwmdlmtadm itke

" the Whitten family), the effects of commingling would be mm.n.mal cven ww.ﬂ1 little loyalty

to a given brand. At the other end, commingling would be ]m:g:st for owners who never
completely fill the ank and always stop for gas when the gauge is still reading quite high.
However, the former pattern may be more prevalent than the latter, Although no data were
found to substantiate this, it seems reasonable to assume that Individual owners tend toward
a specific pattern in a way not unlike brand loyalty. That {5, there is a "loyalty" to a specific

_refueling pattern, which is not addressed in the weamnent of commingling now in the EPA

computer code,

With the code errors fixed the commingling effact 1s half what the original code predicied for an
RFG scenario with 8.1 psi RVP and 30 percent market share using EPA’s interpretation of the
ARCO and GM data. The result for the “fixed” model is 4 oummmg]mg effect of only 0.07 psi

while the original model gives an effect of 0.14 psi.
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Appendix Q:

U.S. EPA Analysis of Commingling Impacts of California Waiver Request from
Federal Oxygen Requirement



We agree that additional data are necessary to allow the emissions modeling that would
suppout anil quantily the ethuno] permeation erect. CARB's Resoiution 99-19 requires CARE 1o
condact rescarch on pormeation and calls for s progress report in October, 2000 fwhick has been
completed) and o final report on the results of permestion testung by Decamber, 2001, A contract
is alsa plarned that includes a literature search fur the ethanc] permeation rates of fuel system
materials, cotlection of information regarding fuel system meterials that will be in use in year
2003, distributior. of veaicles in that year's fleet, and an estimate of the tleet-wide effect of

permeation emissions. Henl more data regarcing these Lactors s developed, it i no: possible o

berer charucterize the permezation effect.

2. Commingling effect

Wher. echanol is mixed with gasoline, a non-linear increase in Reid uopor Pressure
{EVP) oceurs. Forexample, if gasotiae with an RVP of 8.0 psi is mixed with non-denatures
ethanel {which alone has an RVP of 2.4 psitie 4 90 parcent gﬁ;u}liné.ﬂ'l[l percent ethann] mixiure,
the RV of the resulting mivture s epproxivately .1 psic 2 1.1 psi RVP increase.™ Bocausc ol
this RVP boost 2ssoviated with ethunol blending, a bendstock with a sulTiviemly low RVP must
b used o achizve the desired RVP in the ethanol-blenaded zusoline. The initial amount of
sthancl added to non-oxyaecated gasoline rosults (o greater (nereciental inceeases 'n RVP tan
stgecuent wnounts. This ron-linear ixcrease makes smal! amounts of sthanol very important Lo

EVP.

b SAE papes 240763, “ln-Tee Volat:livy bmoaer nf Commiagling Ethans] and Son-Elkazel Fazls™ Peer ),
Carfiey anl Faul & Saclhizle [TS EFPAL

193



An RVE noast will als0 necur when elbunol-blended gasoline is mixed with acn-
axyeenated or eher-oxygznaled gasoline.  For example. the BYVE of a mexture contairung =qual
volumes o2 a 7 pst ethanol-oxygenated RFG blend snd u 7 psi non-oxygenated RFG blend would
e greater than 7 psi. When an eraznol-sxyzenuted gusoline 1s mixed with an MTRT-
oxvgenated pasoline the resulting increase in RVP is somewhat smaller than it is when an
ethasol-oxyzenated gascline i3 mixed with o non oxygenated gascline. Mixing of ethanol-
oxvgenated gaseling with other gasoline is called conmucingling and the associated RYP boost is
called the conuringling effect. Federal ancl CaliZornia reguaticns prohibit or restrict
commingling in the disiribution system. Thess rescrictions do oot apply w comming.ling in
vehinle fuel mnks. however, In ihe discassion that Fallows, commingling refers (0 the mixing of
elhunul-aasoline with non-etounol gasoline in vehiclz fuel tanis.

The comning.ing effact i of concern bueause nun—exhaust hydrocaSon emissions from
vehicles ‘nerease with increasing RV, Commingling has net been un issue within Federal RFG
arcas 1n California because there has been virually no ethanol,used in these aress ™ With the
recuirement of 2.0 weight pervent oxygen comrent 1 effecl, the phase-out of MTEE in California
could result in some commingling of ethancl und MTEE oxygenatad pusolines if MTBE and
ethanal were borh used dur:ng the phase-oul period. Coinmingling would na longer Be i
significant 1ssue once the phass-out of MTHE 1= complete, if all gasoline sold within federal RFG
areds was then ethanol-uxyzenated gusoling, as cxpected. (Some commingting wiehiz federal
RFG arsus cowld stilt ocour in theory, however, when a vehicle is refucled both instde and

ovtside of i fuderal RFG arzar howsver, . Cal:fomnie this is unlikely to involve a substantia

e . . -
fi FF03 worvers. which collected sarmples Sroms raail seazinns io Ler Angelas, Sor B il Sacraments
conlimi ihs,

1ad



fraction uf the gasoline) In the case af an oxygen waiver, howevar, ethanol-cxvgenaicc 20d nen-
oxveenated REG could shars the market within federal RFG areas in California. In the waiver
scenario, we woald expect the incldenve of comeingling to be substant.ally higher than in the
axher seenarivs described. Consequently, a waiver of tha oxyzen content rcquircments may caus:
an increase in non-exhaust HEC emissions cue to commingling ™

Although mixing of vlhanul with gasoline produces a nominal 1.0 7s° RVP hooat over &
wide range of ezhanol Mending volumes, the actual average RV increase that will oceur i 4
mixed ethanolnon-oxygzenated market would be, under any feresezabie set of conditicns,
significanily less than 1.0 psi® The citect of cormmicgling on average RV depends on 4
number of laciars.

Varigas models estitnate the corumingling effect under differing input assumptions about
the amount of ethanol used, hase RVP of the fuels, and consume: refueling habits.® Perhaps the
most important factars for predicting the commingling «f f;ul in an ethanol/mon-oxvgznated
rrarker are brand lovally iie., to what extent cogsumers tefuel :af;:h ~m= hrand, several brands or

many hrands of gasoline}, and market shure ii.e.. the fraction of the gasoline sold ir 42 area that

o This would ke true cither tor a complete weiver of the axygesn cequirements, o aay parlial wereer waicl
includes romeval of the zar 2wion MUNIGUM 23ygsn requiccment |5 we ghi peocent) allpwing some noo-
oxvrenated CaRFEE 0 lederal areas.

& " : . . N
Toe e “gverase BVE facrease sefers ta the aeus smeiease in HVE cucsed by communglicg 10a scbeet af
thi eRire Zisoline pac meorzued ceer e enlire saseline poal.

o Spezifigally. Xab ouper F0T6S, cied surlior. desoribes o mode] devsoaze by Caffrey anad Machele of

EFA Al Dr ML Rocke, Umpversicy of Caliamea ap Davis, devsloped o prebabdsy ol LT
medel ) 17 Hody comraazlkag & deseription of the mode! developed by De, T b, Bocks, Driversivy o0
Califgrmip at Ly for CARE i avaitahle ob hoopeswoaw mohenon chuic ¥ i pesna b.PBE . T
compLter conlz [or the mocei s ranluble at piiociwww arb.gnam cogearfg N omminn
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containg ethanalh. ™ Both the EPA sinde] and DM, Rocke s grobability mode] indicate that
when oyalty™ is held constant, the commingling ¢ffect peaks at or cear M) percert ethanol
market share. {For the EPA moedel the effect peaks at 30 to 30 percent market share, depending
on the model parameters selected ) These models also show thut us loyary decreases at a coastant
markzt share, L.e. as consurer refueling choices become more random, the commingling effect
increases.

Althongh chess madels may accuratcly predict the magnitude of the commingling e_ffe:t
for a given sct of inpat conditions, the conditions that would be applicable to the Federal REG
areas in Califernia if a wailver were granted arc lurgely unkoown. CARB stzf7 has estimitod the
likely commingling affect ta be abont 0.1 25i in a ethanolfnon-oxygensted market with én oxygen
walver .n effect. (Sez Docker A-2000- 10, Documeant ILD 18-3). The assurmptions used in their
anzlysis included zthunol in 100 percent of premium gasoline and 46 poreent of regular gascline.
They further assumed no grade switcking. Thus, chey assumed that commingting could occur
anly in vehicles using regulur guseline. They assumed that tegular éasui]ue made up 73 percent
ol the gaspdine pocl. with the eemataing 23 percent premium.  Additicnally. they ussumed thar 63
percent of regulur preds customers switch brands, potentially resuiting in commingling. Lsing a
“strpplified” aralysis they calenlzted the RVI? boost Zor each possibls outeome under teo
scenariod (three refills with initial tank volume ut quarter tank level and 4 relllls at half tunk
leveln and averaged the resulls for caeh sernario. They estimaled the RVP increase of the
gasoline pool 9y muinplying the average reswd by the cornmungling probability (63 percent’ and

the rezular reade market share (73 percentt.  Averase increases “above 7 psl) wers 0012 psi for
2 z E P

Wirh Hie aninonpticn that a gisen beard w31 2o sell bath 2riiancl ad agn-crthared rsolue nooie some
weourriphic aica



tha 1) tanx scenarig and 0,16 psi for the Ball lenk sceaazic. These caleolatiens were based an
ethanol contenl of 10 volume porcenr (about 5.5 weighs peecent axygen) in ethanol oxygenated
gasoline. CAKB dowrmined, bused on the UCD eommingling model, that the boos: with 3.7
voiurre percent 2thaneol content RFG (abow 2.0 wright peicent oxygen) would be acou 30
percent of the boost with 10 volume percent. Consequently, they applied an 80 percant
adjustreent foctor to their 10 volume parcent RVP boost estimates o sstimate Lhe boost i 5.7
volume percent ethanol coawent vxygenzted RFG were used. Rescltant estimates ware (110 ol
average RVP increase tor the quarter tank scenario and 0.13 psi For the hal? ank scanurie}.‘

The commingling effect under 4 waiver is difficull to ferecase, depending o
oxyeenated/non-ox ygenatad merket shire, the axygen content used in ethanal-oxygenated REG.
brand loyalty and othet factors related to owner refueling behavior. Considering avarlabls
informarion, tewever, we aiv concerned that CARB's (11 psi estimate o) the commingling
sverage RVP effect 15 likely to be low, even given mony of CARRB s underlving assumations.

EP& {Caffrey and Muchie e) developed a model to belp assess the avernge in-vehicle
RYF incroases that could coour if ethano -nxygenated gasoline ware commingled with non-
oxveeadared {or MTBE-oxygenatedt gasoline during vehicly reflueling ' CARB's oxygenats use
and grade splic assumptivns esolt in an overall oxyzerated CaRTCE share of about 60 peresnt.
EPA’s madel using this 60% oxveenated markel share. CARB's 7 psi RV base und 1 loyalty

curve icurve 20 which the model’s authiors [l “may be the best rzpresentat.on of ¢nstomer

B SAE paper 220765, ~In-Use Yolutlity Inpuct vl Cosrndngting Ethawl and Ron-Eifne Muels”
Perer [, Cefirey and Pau’ A Bachicle, US EPAL
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rand loyalty available for this model™ estimated an RVP increase of 0.24 psi. ** This model
assumes that ethurol sontent would be 10 vo'ume percent. Applying the 80 percent whustment
factor used by CARB o estme the RVP boost with 3.7 percent ethanol. the average RVE
increase is 019 psi.

CARR also assumed that all premium gasoline would be ethanol-oxyygenated so that
comumingling would oecur only within regular grade gasoline, EPA’s mocel, with che other
parameters wlentical. but with the marke: shars at 45 percent. CARE's ragular orads uss_npaion,
estirnatad an averarz RVP increase of 0.28 psic [[the 80 percent factor 15 applied to :aflju.-%t to 3.7
pereent ethanol content, te expected average RVE increase for regular grade is 0022 psi.
Azsuming that this applies to the 73 percert regular grace portion of the poul. the overall average
RWP increuse would be about 0.17 pei

MathPro's refincry modeling for EPA estimated ethanol oxygenated markel siwres
between 26 percent and 63 percan: lor variows walver seenarios. For waiver sc:‘.nﬂ.rim where
uxygen content was 2.0 weight pereent, oxygenated market 5h:{res rangzd ‘rom 26 percent to 50
percent.  MuthPro's refinery moleling alse predicted an as-blended RVE of about £ psi for
oxygenued und non-exveenated CaRTG3 in these 2.0 weight poreuent axygen scenarios. EPA’s
conuningling madel, with a base RYP of 6.6 psi estimated an average RVP increuse 07027 psi
from comrsingling al 26 percent echanol market share, und a 628 psi average RVP increase at 50

percent ruarket share Cwirh ocher model paramelers as 1a previows uns.)  Adjusting these

- See the SAE paper for ciscussion of leyalty cerve data. Forehe EPA model cang relating o the
wiaiver evalaation user-spesilie:d pararemers selected wore awners=1000 [ills= 100 Camlating
L0CD oweages refieling LOC lines 3, lopatty cuvve= 2,6l sucve=3 tank el 0000 The medet was
run Yor o noc-retormualated xisolire scenaeio tn arder to simolae commingl ng of nro-ocvgenated
casedine and elbunokocygesatad gasol ne rather than AT anek ethannl gazolines.
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pstimates to 5.7 percont ethinol contenl using the 80 percent factor zesults inan average Ry P
e rens= of about §.22 pa

Tf the overul. morkst share of etbanol oxyzenated gavoline was 50 pereent. and it wis
assamed, as CARE suggests, that ethanol was used in [ (M) perceat of premivm, the ethancl
rtael share i remular grade (with 4 25073 premiumsregular spliz) woulc be around 33 percent.
FPA's model estimated an average RVP increase of 0.29 psi ¢l 33 prevent market shat= wath the
ather parsibelers as above, Adjusting for 3.7 pereent etbanol, and applying this inecease to 75
percenl of the gaseline pool resulss in oo average RVF increase of aboul 0,17 psi. Ifthe )
axszenated market share was 26 pereent and sthanol was used i 100 prrcent of premium, with
CARB’s assumptinns, virmally no oxygen would be used in regular gasoline. Consequently,
under these conditions the average RYP increase due Lo vomumingling could be negligikle.
CARB's commingling analysis considered a sconaro where ethanol was used in 100 percenl of
premium and zero percent of regular, wich the oniy comminghing coming fruso 2 smadl amcunt of
grade switching, CARB estimatrd 2 comicingling eitect under thes szenario of around .02 psi.
While it is pessible tha: this scenasio could veeur. CARB's own evaluation of the commingling
etfect does not identily this as the likely commingling scenaro.

EPA has also zxamined the Sicrra Resceech report prepared for the Amecican Methanol
Institure,  Sizrra Research modified the EPA commingling model to allow variation ol the
athanol content of ethansl-oxygenated gasoling and to allow differen: hase RVES tor the sthanel-
vxyy=nated and pon-nxygenate:d pertiens of the goscline poui._ Sierra Bescarch generacsd XYE
hoost corves as o function of ethacol market shure for a4 seenurio i which a £.% psi RVP ethanal

blend wis used In con‘unclivn with 2 6.5 psi RVP nen-oxveenared fuel.  Sierra Reseorch



sslimated mimimoem. maximmn and daverage cormingling impacts at virous marked shares.
EPA urdersiands the minimum curve estimates the commingling impuet whea gasoline
containing 3.75 volume percant is uszd, the average curve with 7.3 percent &nd the max mum
curve with 10 cerceni. The minimum surve peaks at around 0.2 psi and is fairly flut. with the
RVP boost close Lo 0.2 psi for ethanol market shares berwszen about 30 w 70 percent. This

curve is at or above 001 psi between about 15 and 90 percent marke: share. EPA has not

validated the madifications wa the model.  Additienally, MathPro's refinery mudeliné does not
indicate that there will be a substantial difference jn RVP between ethanol-oxygenated and non
oxyurenalyd CaRFG3 in a shared market,  Howcver, Sierra’s 2nalysis does conclude b the
camrungling effect. if ethanol s used at 5.7 volume percen, is likely 1o be azound 1.2 psi over
wide rangs of market shares.

W2 bolicve, in the absence of better information that it is at least, i not more, reasonable
to assume for wabver evalualiun that the commingling effeet would be around an average RVP
incresse of 0.2 psi racher than 0.1 psi. CARB estimatad the commingling effect by caleulatng a
stmull number of refueling iterations under a set of assumplions that would terd ta preduce an
RVP boast estimale at the lowst end of the rangs of lkelv BYP increases (i.2., 100 percent
ethanol use in prerium gaseling, no grade switching. and ethano! content al 5.7 voluire pereent).
Fur-hermora. EPA's analysis inilicates that even with these assumptions concerming ethenal pse,
coneent and grade switching, the commingling effect &5 stit] likely to be about 0.17 pui which is
closer oo (1.2 psithan 01 psic Also. il any of CARBs zssumptions do nol stricily held. the

comminzling efTece is likely t incrzass above this sstimafe.
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EP# acknawledges that the actane charzeteristics of ethano] may eesult in preferential use
in premium gasoline, that Tuny vwnets du not swieeh grades, and thut RFG seppliers may we.l
elect to use etmencd at 5.7 voiume percent, There are, however, to our knowledge no hard data to
support CARB's assumptions with respect to ethanol use in 100 percent of premium yasoline and
the toial absence of grace switching. EPA’s model also shows that the magnitude of the
comminglimg effect increascs as brand loyakty decreases.  Under “no loyalty” conditions, the
modz predicts commingling effects ol up to aboul 0.4 psi. Adjusting this resule with the 36
pereent factor shows that a commingling effeet 1n cxoess of (L2 psi could Gccur when ¢th;n:}| is
used at 3.7 voluma percent. While a "no loyalty™ assumption is exTeme and is not l.ike]}r o
approximate vweer sekavior, this resalz shows that there is 2 potentinl for the commingling elfect
to exceed 0.2 psi. Sinee commingling is very sensiive to variables such as brarnd loyally which
have been cnly crudely estimalec. @ plunsivle case can be made for commingling e[feces ranging
from an average RV increase of 0.0 10 0.3 95l

in order 1o offsel the effect of commingling, the CaRFG3 n.::.{ul:;[iuus contain a 0.1 ps
reduction from Pause 2 inthe RV ffot Himit {from [ Ot 6.9 psi). This 6.5 psi flat mic 18
cpplicable to refiness clecting to ase the predictive mocel evaporative complisnee option. Tt
zppears, based on available nfurmetion, that most, i not zll refiners are Lkely o Ltihze the
evaparative compliance oolion with or without a waiver. Thus, the absence or presence of 4
waiver is unlikelv to result in a difference in the utilization of this eptivn, Moreover, CARE is
commilied by reselution and stare law, to conduct adcitional evalaahens of the comming ing
effect. Through Resolution 99-30, CARE is required 1o evaluate the reai-workd emissions impact

of commingling in 2003 and beyond, and repost its findings und reconunendaticns to the Boand
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by Decomber 200 CARB will investigate the expected prevalence of ethanol uml non-
oxveenated CaRFG3 by suppliar, grale and geographic area. CARB will also collect
informmativn vn sefueling panterns, brand ard zrade Loyalty a5 well as samples of uctwal in-use
tuels. Cali‘ornia state law (Senate Bill 98%) requives that CaRFG3 maintin ar improve apon
emissions and air quility benefits achicved by California Phase 2 RFG in California as of January
1, 199%. Therefore. if CaRFG3's moe stringent RVP limit does ot offset the coraringling
cffect, this law would require CARE to take additional mueusures to assare there wonld be no
raal-world incresse in HC emissions. There is some uneertainty about the mitigative mei;surcs
that Calitarnia can and will agply if -he magnituze of the commingling elfzct rxceedé CARR's
expectnions. CARB would first have 1o assess the magnitude of the caomrmingling effect. and
lben detesmine what can be done to offser this effect. It does not appear that Califomia would
be required by state law or resclution o take any action unless it detzrmined thar the
commingling elfect excesds the 0.1 psi that was unticipated, Thus, any mutigative action would
likely only scrve to maintain the equivalen: of te B.1 psi waiver o oo wajver differcntal.

CARB intends w conduct a field stady to evaluaze the expeered real worlC emissions
imnpace of comminghing CaRFG3 contating thanot with CaRFG3 not containing gthanol,
Howaver, according to the draft protoeal for CARB s cuintningling study, (as mewlified March
31, M0 see Ducket A-2000-10, Document Number L-13-81) we anticipate that the study wili ha
coaduetad st netail gasoline Facilities ir northern California that are currenily marketing nan-
MTHE gosoline. Thus. even if the CARB commiingling study accurately evalnazes commirglicg
effects within the sludy arca. it is somewhel uncerta that these resulis wil. be applicuble to the

Sauh Coast Air Quality Mancgemen: Districr. The magnitude of the comuunglig effzetis
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highly sensitve 1o brard loyalty, whick conceivably could differ significantly from dres to area.
The magnitude of the RYP boost is mitigated somewhat by the presence of MIBE. A
commringling stucy Jdotie ouior to the elimination of MTBE could potentially undereatimate the
effects of commingling on RYE. The focus of EPA’s waiver analysis has been [0 estirate the
emissicns affect of the waiver in the SCAQMD afier MTBE has been phused vut. Potentially,
CARB cou.d conclude fram a fisld sudy that the commingling impact 15 sufficiently acdressad,
when in fact it is not in the area ahd time of conue.

It is alzo not cleur whether the 0.1 pst RVE adjustment adoptad by CARE should he
treated, Far parposes of evaluating California’s waiver regaest, as offsetticg the VOC emissions
assuciared with commingling. The 0.1 psi reducticon in RVP applies regardless of whetler a
walver 1s prune=d, hence the ervissions hereli: of the reduction oceurs whether or not & weiver is
grnted whele the commingling emissions occur only if a waiver is granted. Conseguently, EPA
astimated the ellect of conuaingling RVP icereases or VOO anvssions for cich af the twelve
scenzrios considered, assumicg commingling RVP nereases of 0.1 and 0.2 psi.”

EPA used the aquation from the Sisrra Research copust, cited eanlier, o estimate: the
percent increase in cvaporative VOU cmissions that coald be expacted relative Lo the “as-
blondec' state for euch seenario and each level of commingling RVP increase.  We then applied

these percent change factors tw vur sstitates of the “as-bleaded” evuporative VO emissions

Ti: purgpusey of Ihis decsen BF % daes nas nesd so Jacidz whather iLis approprisia i a0 ae sapecied
iMuszase 10 srussions o communzting wih the %1 pel RYP redustion slapued 7y TARDB, This s hecause
aven if the 0 | pai of¥esr € ppplind, e Aiseosas] belne, WO reduclioes 2o Lo uec Lo o semn e whik
gz of  waiee s wionhi hove e, v,
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inventnry Lo estiraee the inersase e evaporative tonsfday associated with each seenario.’ Tahle
28 below gives eur estimates of commingling VOO increases atributable to on-road vehicles
asstming varions levels of RVE inerease due o commirgling.

Tahle 28 Estimuted South Ceast On Road Commingling VO Increases With Waiver
ftons/day)

Mo W aiver Oay i ver Dy Peahonwide Unocal Patsat WA v

Lave] Favel MTBE Lo 0. Epst boest | 02 751 bonst
i Ia Regucad Farent not aveaded 3.55 L2z
a9 27 Beduced Farent ar avoeded 515 Lol .
a7t 20 Redseed Paten! nar qviede:d 3.5 [WR|
c ih Canlinue: Fatent ot avewde:d 1. 1.
a7 37 Cantinue- PFarene not avoided 5.5 1241
13 T oo Farenr Aot avaided 5.15 17041
a0 au Ruduzed Fatenl avaided 5.5% 12,37
av 27 Redused Baren i i 5.2 10,54
27 a0 Reduaed Pracenl weninded P17 105
21 20 neninles Puten| avoided 5.3 150 5%
T 27 IR Patezn awoided 5.26 I
21 n COnLin s Ptz weemidinl 518 | ° -7

A, O effect of decreasing oxy2en
Remaoving oxyeen [rom gasoling will t2nd 1o .nerease emissians of O for the on-roaa

vehicle [Jeet. CARB in its I'ebruary 7. 2000 submission hes estirmated the expected CO

emsstons frem represeniative non-oxyrenated gasaling, as well as zasclineg containing 2.0

4 Awairs Uy ng the "2T 0T eacninoes, paeat s aidnd” scensin a5 17 egamp e, we ool e ar 21 orday
VUL Ceersise due to the “as-blendee” BV differenvs. rasuling in an vusebleniled ™ waiver evapdraive ¥ OO
invesoery of 150.79 wesiday O 3 0-8 21 The averige BYP. kasad an the SlathPro BV andd werbetshare
pamates, s 9 63 i 00 TR ISHR A TIx63 R L Lsing ke Siecra Rescarch cquition, w2 esimaed o 142
perce il iwress s60HMEE TE3-11 inavapeatve WO wih a0 1 psi beost (o 8.7% pu. Applying s 2
e “ag-leaded” cvoporative inventory yishds an estimare of 3.26 onsdday £ 130, 79:4.02%) ineroas = in
evapcEbee cmisiios rom en mad veleeles ot the commingiing efrect is 0] pai,
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weight percent oxygen, both of which would meet the CaRFG3 standards. CARB cstimates that
reducing gasoline oxyzen conten: from 2.0 weight percent 1o zero would rasult in an estiraiec
increase of 4.6 percent in CO. This CARB-estimued inerease Jdoes not ke inlw accoun:
mitigative effects claimned by CARB of reducing the sultur content from 25 pam te 10 ppm and
recucing TS0 from 211° F1o 205° F o offser the increase in exhaust VOC. According to

CARB s Febouwry 7. 2000 submisston, [available in Docket A-2000-1C, or at

Ritp:dwww arh.esgoviehe/ Oy /wav/oxywar.him } the net result of rtemoving oxvgen from

California gasoline would be an inerease in CO of about 2.7 percent (95 tons per Jay |.1i1.-i.-_-1|::1 by
4,995 wns per day). (CARB felt that reduct:on of saltur and T30 were neczssary i order for tha
nan-axyzenated fual t meet the CaRFG3 regulutions.

We psed CARB's assumptions regurding oxygen cifect on CO {as deailed in Append:x G
of its szatt repart for the CaRFG2 rele) in caleulating CO increases.” For comservatlam, we did
nut adjust the CO increases for sulfur or TS0 reductions.”™ We splitthe CO inerzuse among the
Teck 3, Tech 4 and Tecs & categories s CARB did. assurung that :jflc.‘l: would be ne change in

€0 as 2 result of oxyzen reduct:on in Tech 3 vehicles (which CARB assumred as welln”

- . . . . .
N Pl e spzoifically, we dsod the peroent OO reductions per waizht peicem inenease 10 oxvgon neperzdn

Appendixs 5, Table 4 of CARE s statf repnr on ZuREDE. [Appendix G available at

Bt owee a e hopnay Tedsatearfod oo ndd o These &etoes were convenad o percent SO0 mereas =5
par weighl pezcent r2duction in onygen el e increases due o oxvgen remeval. CARP Gl repor 00
increases per anighl peceni sayzenoeducs! inouthe tables 20 e apgeadic. These factors ditfes slighily.

1 . - . . . . .
- Radustens in T3 anc sular may resulnin howes OO0 cmiicons Hiowever, we iz oaceifain of (he bagis for

tha quantirar v= est motes o hese effoens contined 12 Appondis G of the CARE sl -epir, and canact
proveicle allemal v estsilss  (APpendis O avarlable at G owww arbga oo reea b e e L
We dlwa noke shat computsor of cectain MobPra modeli 2125 indigotes that sulhure may ke hzkecin nen.
axyzenated CaBRFUE fwn oxygenaled CREGS.

Sepicats redusions were rzpucled for AIYHE8-90 aed MYR] 93 We combined th<se 'ato o smygie (00 e
regresel Tech £ vehicles usmg stabeaadte lons per duy eslimales ceniasied in Tazle 3, Appene:s O ol
CARR's statt repurt on CakFG3, as weights.  1Append « G avaelable al

heEp e e gar b s e R aTtEE apam ac . Tae forters expressecd as OO peweent cliang:s e perzent
imcease In oesyger . and parenthelivally s Sl eas per pecent desazase nooxygen ae -3 07 2R foe
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Ir our assessment of a waivar's effect on €O we included the effect. where aprplicabie. of
reduccd oxyzen content in oxvgenated CaRFG3 {ie., 2.0 percent versus 2.7 percend oxygen by
weight) . Tablz 29 below stourarizes sur sstimales of the on-mad 0 increases expected under
waronus scenatios {in tons per day).

Table 29: Estimated South Coast On Road CO Emissiun Iuventory Changes With

Waiver
No Wiyiver Qoy Level (ot &b | Waiver Duy Malunwidy MTEL Trnazal Patent [U) Incrense
) Level Lise Jlgmsslay]

20 1 Retuced Pl ru awsi 32 T oTius
2T 17 Eeducsd Faeerl ol iy 1ol 5217
2T 10 Rzl el Facent nod v ied 111513
a0 1% Cuontinnzs Farenl nea owe ided b H
i i Tumlinwzs Pacenn noe aacized Gl
*3 it Pt [ T Fateni not aveided ajs 3¢
10 a1 Rect ke Patent av sided £1.52
i ar Rucpced Baaren ww fnded , fial3
1z ] Recrocd Eaten | weaiged 125,28
a0 R ot et Eatsnl qvsiced RA5G
27 i AL s Poten) 1caided £3A8
1z 20 Corlinnes Hatene yvencled R

Oxvgen removal is also likely to imureese CO zmissions from off-road vehicles. EPA's
eat e of off-road oxygen effects is discussed in detail in Secricn HLC A, below.
4, Off-road vehicles and engines

Chaxges in fuel formulation are expectad o affect 2missions of off road vehicles anc

engines (oft-road 2ources) as well as on-rocd vehicles. Directioruliy, a dvcredase in Fuel o vgen,

Tooh I, and -3 6T L4 TRGEY ter Tech 3 Wie usad 3= 4 ronwiday 043 0 nooreseal oo-mad gusoone vehidlc
Seuth Cogst ermussions it 20605 withou! 3 waeer, Wa allesarss D4 39 0 Tera? o 39 v Teeld and 41,57
L l=oii, bosed on Appendi 5. Tanle 3
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ail else constant. would be expected o increase exhacst HC und CO emissions und decrease NQx
emizsions [ both off-road sources and on-road vehicles. Emission models such as CARB’s
predictive Dodel aad EPA’s Comp.ex Model, however, were bused sole’y on emissions test data
from on road vehigles, These models may not accurately quantily the respunse of off-rocd
sourcrs o changes in fuel Jroperties, hecaase of substantial ditterenccs in ¢ngine apd emission
contral technclogy between the two catsgories, There is no comparable fuel effects model for

aft-road sources nor aie chere extenstve est dara avatlakle o characterize tuel effccta on off-road

SOUTCE £MISSIOMNS.

CARRE staff used the Tech 3 pontion of the prediciive mudel, which represents older on-
moad welurles, as a tool o estimate exheust cmission offects from off-read sources. CARB noted
in their February 7, 2000 letter that the Tech 3 mode! imay represent the exhaust emssions effect
from lerger fvar-stroke of¥-road sources reazonably well. CARB recognized that the wecel's
nsshilness may be vory limited in predicting smissions effects for smaller engines ard in bwo-
stroke enginas responzible for the majority of reuctive organe: gas emissiors “rom oft-road
SOLITCas.

We share CARB s corcern abous the limiced ability of the prediciive model to re resent
ol -road sowes emissions. The Tech 2 portion of the predichive maode! 15 intended to be
representative of alder ¢.osed-1oop three-way calulyst vehicles, This techrology is nol
representative of the current off-roud source fleet

As ap alternarive, we have used mfzrmation in an EPA docurmnent. Report No, NR-0D3, 10

estirm ae the chunges (o the exhacst emissions rom off-road sources that would resull if a wasver
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were gravied.™ This report concluded that ihe fusi effects on exhanst VOO, NOx and CO
emissices B nff-road sources are mannly duc to chonges it oxygen content. The report
estimated em:ssion effects (in percent change in ernissions per percent of fusl oxyaen added) for
[oup-stroke engines based on tesis of 13 engines. These effects were -4.5% for HC, +11.3
perzent for MOx and -A.3 percent [or OO, The report estimated cmissien effects for two-stroke
engines as -0.6 percent for HC, +18.6 percent NOx, and -6.3 percen: for CO based on tests of one
SILEITE, .

We combined the four-stroke and two-stroke effects into a single set of effects by
walriling them accorcing to stutewide two-stroke and lour-siroke emission [ractions of ROG,
N and CO calculated from cmession inventorics for 2005, The weighted percent changes
per patcent increase in oxygen are -2.23 perczne tor HC, +12.62 percert for NOx ard -£.33
percant for CO.

RYP iz sxpected to be the fuel property most influential in determining evaporative
emizssions from off-road sources, MuhPro's inedeling for EPA shows Shul the as-Dlended RVE
of CaRTG3 is Lkely to deerease with 2n cxygan waiver. We have assumed the same pereeniage
emissions decrzases for evaporative emissions from off-road sourczs und on-road vehicles . We
realize that some evaporative emission ineresses due to commingling courd potentinlly cetur in
oft-road as well as on-read vehicles and engines. [n our analysis we assumed the zame range of

pussible BVE increases and applied the sume percent changy Lactors and catculution method vsed

-

o] “kxhiast Earssioe Effecs of Facl Suliue and Oeoegen on Gasalin: Menroad Engines”. Begurr Sa, NE-O03,
Moovember 210 1007 Choseay 20 Lindnje, U5 ERPA

See anodysis 30 e e 12 dockst hin A 2K 1, Gacument Sumber H-B- O

11z



zo evaluale cumingling emission inercases in on-roud vehicles. We have nol uttsimpted 2
quantity any permeation emission changes associsted with off-road sources,

We have estimaled the likely off-road source emissions tmpacts of a waiver on MOx,
ROG end CO tor the comparisor scenarios ta! we have included in cur en-road analysis. Given
the assumptions discussed above, it is obvivus that off-road NOx is predicied to decrense, while
0 and exhaust ROG emissions are predicted to increass with a waiver uader all seenarios (since
mxygen decrcasest. Evaporutive ROG emissions are predicied to decrease with a waiver under all
scenarios (£ince as-blended RVF decreases).  Our esiimates of the impact of the waiver ofl off-
road emissions should be cansidered with seme caution. Clearly, the small amount of enginy lesl
data and simplified analysis used to develop zstimates of oxvgen effects on off-road crmissions
are not comparable to fie Larpe binly of cata and sophisticated analysis asec to estitate fael
propesty crissions effects in on-road vehicles. Farharmore, we werz unable to obtain inventory
informatior. which eaplicitly identiDed the gasoline porion of South Coast f-ff-.“Du;ﬂ €35O3,
and needad o muake cortain sssumprions o derve these estimaes,™

We have adced these ofi-road souree estinales to the 9:1—mad estimares for each of the
scemarios o produce a witul 2stimate of cmissicn effects. These total estimates include 2xhaust
and cyaporative emiss.on effecs, including commingling snd permeation. We realizz that there
is considersble unerilainty asseciated with our estimate of the offoct of a waiver on off road
sources. We beljeve, however, that we have made a reasonable effor to quantily these

emissions. and to consicer whether the inclusion ol the emission estimates of off-road sources

& Cr 2003 ngewisver baseline of T rood invenfory astimates in pnafday were MOx-23.71. exfrus
ROG=US. 44, e sperative ROG=25 18, and CO=1073.34, See apalysis in neme in Decker 32200010,
iZncoment Moamber [-3-1.
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chznges the conclusions that we would ezach based cu analysis of oa-rgad impacts on’y. The
off-road estimates arc $wrawn belosy i Takle 30 and the tocal eshirat2s ace summarized in Table

31 ip Secuon TILD.

Table 3); Estimated South Coast OfT Road Emission Inventory Changes Yith Waiver

Errussige Inverrory Thanges Nonsdilay)

No Waiver g Yoo Yo
Uy Lavel V¥aivtr Mationwide o 0.1 psi 02 pui

Oy Level MTBE Cse Lnocal Patent M QOTTLM. boast bonst 0
s 0 Redurz:d Fatent net aveaidied Jad 232 332 R 1.2
2T 17 Redurzd Faert pel avarded PR [.32 226 ] pazas [ 7
232 i Rl Faert ael avzidad -4 2T 3.4 LY I&L.0.
i i Cantinues Farent ool aw 2ded -2 A7 L35 R 68 TT 42
2 2 Contines: Far2n 1yor gessded 5 1.0 145 e 33,53
aT il Continues Pelen? il e el R 114 211 ST Vinad
23 21 Beduzed Paiene vuirded -1.40 154 283 1493 HENE]
a7 T Fared Paient avoided -3.30 1 210 .35 145
AT 2 Prdineed Paent cvuoided -5 2R EREN A.37 ATH TS
24 iy Canines Fatgnr cyiizhal 27 075 |5 185 TTER
2 . Cuninues Fasznl aveided 227 0T Az 3.40 Tr4E
T3 b Cuorinues Fareni aweided L3R L. g 335 11258

D. Eftfect of total emission changes

The changes in NOsc VOO, and O inventories are tased apon refinery modeling
predictions of the mast econoric leve's of oxygzen use for both a waiver and non-weiver seenatio
considering varicus poss:ble developments regarding notionwide WMTBE use and the Unucal
palent {as discussed ia Section A 2y Taoie 31 below summanzes the eftect of & waiver on
Nk amil VOC and CO nveniorizs for twelve of sixteen possible “no waiver ™/ waiver”
comparison scenarics whlch can be constructes from: MathPro®s medeling for EPA. Table 31
incorporaes considezarion of all 2xhavst and evaperative emission changes from on-road
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vehicles {including commungzing and permeation}, 25 well a5 chenges in ott-road source
EImissions.

In Table 31 the columns for ¥OC emessions reflect the sstimated impact of a wakver on
actual ¥V OC 2misaions (in tons/day), considering exhaust and svaparative cmissions, including
commingling and permeation, from cn-road and zon-road vekicles, The columns differ based on
the extimmates of average inceease in RY associated with commingling. Far example, *YOC (.1
pal boost” would reflect the impact of 2 waiver on the VOC inventory if comm’ngling nceeases
the average RYFP by 0.2 psi. bt this merease s treated as purtially crffsr::lby CARB's adap*tian of
a 0.1 psi reduction in RVE" The column “VOC ne boost™ would reflect the impact on the VOC
invenzory if commingling increases RYE by 0.1 psi, und this increase is treated as (ully offsel by

CARNs adoption of 2 (.1 psi reduction.

i . . . . R - S
Thas colama would also refiess the irpag of g wajvar en che VioZ invemary i7 comringling incrrases the
avernge BWE of the gasoome By 200 psi aod Lhe impract s ool olizel
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Table 31 shows that there would be a pet NOx decrease and CO increase with the waiver
pnder al. seenarios. It ko shows a VOC increase with the waiver [or two of the rwelve
scanarios wt 0.1 psi commingling average RVP ivercast anid for seven scenarios at 0.2 psi
commingling increase. This table also incluces an estimare of & “Year-rounc Oxvyeen
Average” ™

Table 32 summar z=s the individual compenenis of the VOC change assaciated with: the
waiver. This table illusirates that the impact of a waiver an VO emissioes is coasiderably
more complex to modél than the impact of a waiver on either NOx or CO emissions. Thus, there

i5 significant u-certainty as to the overall VOC effect of a waiver—in both ihe amount and the

direction of the eilect.
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Th.: averame wis ferimied ronsidenog lixzlr oawgoiate vsnge patrems doring the wintee scason in the:

ahaenge of 2 mancare. Fon purpose s of this avalys s, year-round oayaen avcezges for the waivet 21ses ane
eplonlued based dpo s the summentime marker shasc aod oxygen levels modelad io the MashPro repoe and
sl ne wimee Tme uipzenaisd gosaline use pelte s 13 San Diego and $aerameniy ta e the same
SLMMerlione wse pritams and wintermime oxvgen use sc Los Aageles w be ac 2.0 weigkt percenr in all
sataling a5 roquirsd under the state's wintartime oxyoenaied gasoline program. 1o faor. there 15 eeason [0
halizve ol these w Rleslime oxygen wie patte—rs woubt® be the most [Tely wintertime wse pacems tnemerze
in o % gver soenardo, MarhPreoous concluded fie in its analysis Sor T
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In it Fehruary 7. 2600 submission CARE asserts that ozons impacts rem increases i

0 emissions (because af the decrewst it oaggen 0 gasoline) would be offset by the

comespomling VO decreases CART argued thar the accompanying dec-ease in WO

cmissions (beczuse of the reduction of permeation (osses associated with diminished ase of

ethanol) would serve {0 uffset these CO increases. While California's petitton includad an

analysis generally intended to suppoct this conclusion, that analysis telied heavily upon reialve

reactivity foetors (develoned by Dr. Carter of the University of California, Riverside)™ Tven

using the elative reactivity approach that Cailfornia employs, it is not at all clear that the changes

in OO and VOO that ocear with a waiver of the oxygen cortent requizement would be neutral

with respecl to ozone. Specifically, our cxamination of 12 scenarios shows that 2 of the

scemrios tosalt in a VO increase even at 0.1 psi commingling effec:, and therefore ne offse: of

O emissions. The 10 cemaining scz2natios 2ach show a YOO decrease; howsver, 3010 50

percent of these sceranins show VOC deereases that would be inadeguate (using California's

relarive reuctivisy faczors) to offset the CO increase ™ Consequently, at the very Loust, thers 3 a

signilivanl question regarding wherher the combination of YOO and CO emizsion changes

1 the past, tae Agency has nan celied Jpon he 52 of such melarive renctvily Bactoes A evabool g De gt
of erdssions an erane etz [wee 83 FR 43792 cod 65 FR 429724]

CARS wree reuctyviy Gact s ol 2 21 2 v’ WO (repiesenning evaporzive YO smissicn:d aad (063
e nede 0, @ develcped by Dr Carter, Sincs reductions in YOC are asscciated with cvaporative smissiang
iive. redages RVYE of noc-cxvgeaated fuel as predicted by MotaPro, und decreossd asrmzalicn Msses cue ta
retluced use af cthenel), the reaciisity ferar sssociarad with evaporaiive ViOL 15 moee represenative than =
werghted reeel vy factor repesenting exhaost and svapornive ¥YiGO, Uurg the reactvity fazwor [or
gvapararive WOU resalis ia & reladonstip of ons ton of V0 equivalent 20 22 wens ol 000 B foenck 32
len frsraase in OO 2 o0 e 2foelon io YOO would prosade an affaer inreems ot azaoe neutrality 13 tecects
of the Carler reactivity [2omes. Uaang o we.ghied recotivdy of 53 pereznt exhaus: ard 30 percent ceaperacise
e i rells Q0 A reactiviy Cuztnrof 25 2 ozaneds VOO and 2 relationship of orc ton of WOC
squivalzng to 40 Lens of COL Using the factor of 1A ¢ ozenaty YOO resulls in 30 percent of tha soenarcs o
which thers arg ¥ OHC decrease? Feling w eser he OO inereases; using 20 g deone’yy OO resclis in 30
poraang talure.



associated with o waiver would have 2 neutral or even a detrimertal impact on Ozone even using
Cahtornia’s refative rzactivity approach, Based on all the evidence Selure the Agency, Lis
reasrmable o belizve that if & wialver werc granted to California, thers woocld e an expected
reduction in MO, an tnerzase in CO, and significant uncentainty about the overzll change in
WOz, The evidznce is not clear what impact the cmissions changes from a waiver would have

or. ozene and does not cleardy show whether a waiver would reduce, not affect, or even increase

DEGCE.,

Alb three of the aollutants discussed ahove influence nrome formation. The atmaspheric
chemistry is complex, but direciionally we would expect NOx reductions to reduce ozome
farration, ©0 inoreases to corteihute to arone formation, and VOO emissions to either inorzass
or recuce orone, depending on whether VOC emissions increase or decraase. In order to
determine the direction of the pverall unpact on ozoee from che changes in these three pollutants,
we must consuder the expected change in each of them and the overali halance thaT.reﬂufts from

the directionally different impacts on 02one,

K

EPA docs not beeve that the evidence provded by California and developed through its
pwn anglvses clearly demonstrates what etfect a waiver would have on ozore. This is heczuse:
1) there are thres pollutants whoss emission raws would be altered by a waiver, and all three
affecr aznne tormation, 2) these pollutants ure not equivalent, on a on-for-ton hasis. in their
cffects on ozone formation, and 3} while NOx will decreare with o waiver, CO s expected to 10
up ad VOO mav zo up or dewn resuliing in an unceraie imaact oo ozone.

LPA has carefullv evaleated all of the infommration in front of it, sacluding information

submitted oy CARB, other iclerssied partics, aiwd developed by EPA. Afer considering whart
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ellect w waiver might have on the properties of California refonmulaied gascline, and the sifect
this change in fuel properties would have on emissions from highway and oF-road sources, EPA
conclides that thers hie been no clear decenstration as to whar effect a waiver would have on
&5 N Ti]ena i= significant uacertainty associated with determining the cxpected cmissions
impact of a waiver, largely based on uncertainty regarding the expested impact on VOCs
produced when gasoline containing ethanal is mixed with nther gasolines in the marketplace. As
a result, there is significant uncertaincy in balanzing the emissions impacts of the threa cifferent
potlutants invelved, zach of which affect ozone, and determcning thetr overell effect on ozone.

This unceainty has nat beea resolved, even using the approach suggested ay CARB.®

Wik - . . . . P . . .
We ned pot ¢iscass the e:heical 5sues wssaciated with an expested redaction in MOx und any agscciared

recurtcn in PRL
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