CRC Report No. E-77-2

ENHANCED EVAPORATIVE EMISSION
VEHICLES

March 2010

COORDINATING RESEARCH COUNCIL, INC.
3650 MANSELL ROAD T SUITE 140 T ALPHARET



The Coordinating Research Council, Inc. (CRC) is a no#profit

corporation supported by the petroleum and automotive equipment

industries. CRC operates through the committees made up of

technical experts from industry and government who voluntarily

participate. The four main areas of research within CRC are : air

pollution (atmospheric and engineering studies); aviation fuels,

lubricants, and equipment performance, heawduty vehicle fuels,

lubricants, and equipment performance (e.g., diesel trucks); and

light-duty vehicle fuels, lubricants, and equipment performance

(e. g., passenger cars). CRCb6s function
for joint research conducted by the two industries that will help in

determining the optimum combination of petroleum products ad
automotive equipment. CRCb6s work is |
mutually beneficial to the two industries involved, and all

information is available to the public.

CRC makes no warranty expressed or implied on the application of
information contained in this report. In formulating and approving
reports, the appropriate committee of the Coordinating Research
Council, Inc. has not investigated or considered patents which may
apply to the subject matter. Prospective users of the report are
responsible br protecting themselves against liability for
infringement of patents.



Final Report

ENHANCED EVAPORATIVE EMISSION VEHICLES
(CRC E-77-2)

Submitted to
Coordinating Research Council, Inc.
3650 Mansell Rogdsuite 140
Alpharetta, GA30022

By
Harold M. Haskew, P.E.
Thomas F. Liberty

Harold Haskew & Associates, Inc.
425 W. Huron Suite 230
Milford, Ml 48381



Acronyms

ATL............. Automotive Testing Laborat@s, Inc.

CFR ééééCode of Feder al Regul ati ons
CRCeéé é é Co or dResearthiCoungcil, Inc.

FID......oee. Flame lonization Detector

FTTP............ Fuel Tank Temperature Profile

HC . Hydrocarbon

HHE&A ........... Harold Haskew & Associates

| Déééeélnternal Di ameter

LA-92............ Unified Driving Cycle

MTBE ........... Methyl Tertiary Butyl Ether

NBR.............. Nitrile Rubber orAcrylonitrile Butadiene Rubber
ORVR........... On-Board Refueling Vapor Recovery

PFIL............... Port Fuel Injection

psi eéeéé. . Pounds per square inch

RL SHED......Running Loss Sealed Housing for Evaporative Determination
RVP.....ccue. Reid Vapor Pressure

SHED............ Sealed Housing for Evaporative Determination
TEFVO.......... Temporary Emissions Following Vehicle Operation
THC...............Total Hydrocarbon

VT SHED......Variable Temperature Sealed Housing for Evaporative Determination



Table of Contents

Introduction

Backgroungé ¢ € € 6 é 6 6 é € ééé
Contract Historg ¢ é é é é e e e € €
Period of Performanéeé € é é € é é é

Test Program Overview

Vehicle Select
Vehicle Fleet
Test Fuel sééé
Adaption Peri
The Test Conc
Test Procedur

o D O

CD\ (‘D\ —h (‘D\ CD\ >
M D~ O D D D~
D O = D D D

noT oD~
—

® D O d D

[N

Discussion of Test Results

Results

Static Permeati on
Dynamic Permeati on
Hot
Diurnal Per meati on
Tank Venting (Cani
Overall
Special Case: Vehicle 2021 9 9 6
The
Summary of Finding

Appendix

Acknowl edgement sé
Steering Committe
Fuel I nspectionsé

Resu

— MDD D

Program Test

Individual Vehicee Di ur nal Pe

Ethanol PortionofD ur n a l E mi

o P o

o P o

M D D~
D~ D —| M D D~

D~ D

o P o

o P o

M D~ D D D D~

o P o

D D~ D D D
D D ™ D D D

Rat eé
Rat e

S

D D D~
= »n O O D

t

o P o

é
é

Soak ( ATrRiaetoe)é éPéeérénteéad

Rat eé
ster

Ford
Al mpl ant ed L e akéséoe eTeeését. 3Re s

B

Trend Summaryéeée

o P o

M D D~
M D T1 D D~ D~

D~ D

é
é
é
é
r
é

o P o

M D D " D D

Page

D D = D D D
DB & & e

M~ D
H
O @

2

2

RS
x G
™~ O

2

[ON

NN P

éogge

D O — D D D~

M D~
M D~
M D~
M D~
M D~
M D~
M D~
. D

M D D~
® ® ) O D D

D~ D

O 5 D

O = D

M D~ 5 D D D

O O

sz

M~ D

o DO -

D C D

M~ D
([N
([N

D5 -
o D Q

D~ O

QM
M T D

sz

Taur ug8éeéeéecée.

and

= D D D D~

S Si

o M M M D

on

== (D D DO D
w BCD\(D\('D\(D\

Re s36 |

oy QO D D D D

> D D D D

é

O(D\(D\CD\(D\
{.&CD D~ D~ D~ D

t

u
S

7

e

t

D D
D D
D D
D D

(O )]
D

é

D~
D~

M- D
M- D

(0N

[N

[N

M- D



List of Fiqures

Figure Description Page

,,,,,,,,,,,,,,,

Testing Activityeéeeeeeeéeeéeé
Sealed Housing for Evaporative Determinatjo® H E D
Control System Schematic

ceéd

,,,,,,,

1

2

3

4 Trap Cani steréééééecceeceeceéeééédec
5 StaticTesi Tank Pressurizationeéeéeé@gée
6 Static Tesi Fu e | Pump EnergizedééeeeBeéeé
7 Testing Flow Charteéeéeééeéeéecédéce
8 Leak Testéééééééécécéeéeeeéeéee. 12
9 Static Permeation Determinat @3on
10 Running Loss SHEDéééééeceeeeeépsé
11 Running Loss Driving Cycl eée@seée
12 Running Loss Test Resultseéecéieeé
13 Static Permeati on éR&téee é@Erapadd s
14 Running Loss Permeation Companoi
15 True Hot Soak Permeation Comp2ar
16 Day 1 Diurnal Permeati on Compdar

7

17 Diurnal Canister Breakthr ougB5é

19 Vehicle 202 Fuel Fill Pi pe L2k
20  mpl anted Leak | mpacteééeeeéeeésxeé
21 Vehicles 207 and 211 with Induced Leéat at i c é é é é é3d é é
22 Vehicles 207 and 211 with InducedLéaRu nni ng L os3g¢é é
23 Vehicles 207 and 211 with Induced Léak r ue Ho't So3bk é
24 Vehicles 207 and 211 with Induced Léa®i ur nal é é é é36¢é é
25-31 Diurnal Performancé Various Fuels A | | VebBi é BE&AR44
32-38 Diurnal Ethanol Portior All Fuelsi A | | VehiéEkae&zadedo

,,,,,,

rrrrrrrr

s s s 7

///////

"""

,,,,,,,

rrrrrrrr

/////

,,,,,,,,

,,,,,,,,

,,,,,

,,,,,,,,

,,,,,,,,

,,,,,,,,



List of Tables

Table Description Page
1 E77-2 VehiCle FIEeL.......ccooi e 3
2 Test Fuel Target Values.........coooooeeeiiiieiiieeee e 4
3 Static Permeation ReSUlLS...........ooooiiiiiiiiiiiie e 19
4 Running Loss Permeation Results............ccccovvvvvvieeee e 21
5 True Hot Soak Permeation Results.............oovvvviiiiiccceiieiiiiiin, 23
6 Diurnal Permeation ReSULILS.............c.uuuiiiiiiiiieeeiiiiiiiiieeceeeece e 25
7 CarbonCanister Diurnal BreakthrougResults...........cccccceeevniiniieen. 26
8 Vehicle 202 Static Permeation Results...............ooeiiiveee s 29
9 Vehicle 202 Dynamic Permeation Resulis................uuvviiicceeeennnns 30
10  Vehicle 202 Diurnal Permeation RESUILS.............uvvviieeiiiennvninnnenne. 30
11 Implanted Leak Impaain Diurnal Permeatian.............cccccvvvvveeeeenee. 32
12 Fuel INSPection RESUILS...........ovvviiiiiii i 38
13  OverallProgramTest RESUIS. ..o 40
14 3 Day Diurnal ReSUltS.........ccceeeeeeeiiiiiiiiceee e eeeeeeeeeeeeee e 4D

Vi



Executive Summary

This report describes an-@oing investigation into the evaporative emission performance of

light-duty vehicles as they exist in thmited Statepopulation. Evaporative @ssions are, in

this context, the fuelelated emissions that escape from the vehicle at rest and during vehicle
operation (omitting those that come from thigpipe). The CRC E77-2 Evaporative Emission

Test Program, the subject of this report, evoliveth the CRC E77 Pilot Study vailable at
www.crcao.orglist ed under  EmP wisliiomastoi)omsnd used test pr
borrowed from other CRC test programs, includin§%: Fuel Permeation from Automotive

Systems. Automotive Testing Laboraésy Inc. (ATL), located in Mesa, AZ, conducted the

tests for all these programscluding those that are the subject of this report. A&k the

unique experience and facilities to perform evaporative emission programs of this nature.

For the follow-up study E77-2, the sponsor selected eight vehicles for evaluatidiven

gasolire fuel blends, including three levels of ethanol (zerpafh@ 20 volume percent). In

addition, two of the vehicles were given a limited evaluation with implanted small leaks in the
evaporative system. The selected vehicles were prepared for test, greseddor a minimum

of four weeks on the test fuel when the ethanol level was changed, and then subjected to the test
sequence.

The test fleet included one pemhanced evaporative system vehicle (1996 model year), five
AEnhanced Evapoiraltd sy e(0moesd/eslt eyre avresh 1999 to 2001
Zero) vehicles from model year 2004 or later. Thegmeanced vehicle was certified to a single
daydés diurnal control. T h eedte arhuahhmore seveceo nt r o |
certificaion performance test, including a three day diurnal, a high temperature hot soak, and a
measured running loss test. The certification test requirements for Tier 2 vehicles were similar to
those for the enhanced vehicles, but at a standard of abetdwtieof the level for the

enhanced vehiclesNith the exception of the 199Ge-enhanced vehicle, all were certified to

the OnBoard Refueling Vapor Recovery (ORVR) emission requirements. CRC owned all the
vehicles, having previously purchased them for GR@ect E74b (CO vs. RVR)

Static permeation rate increaseith an increase in ethanol level. Three offikie enhanced
emission vehicles did not show an increase in permeation rate when tested with the 9 psi EO
compared to the 7 psi EO.

The dynant permeation rate (measured during vehicle operation) was higher with the E10 fuel
compared to EO for the enhanced vehicles. The E20 permeation rate was higher than EO and the
E10 fuel. The small sample size and limited data precludes us from makergesits about

statistical confidence, but this may indicate a trend. The near zero vehicle average increased as
the ethanol level increased. Trends with volatility were mixed, or inconclusive.

There was a large increase in the hot soak value with théuEl€ompared to the EO. The hot
soak value with the E20 fuel was comparable to the EO relutiewer than the E10.

Vil
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The Near Zero vehicles (2) had zero hot soak emissions when tested on the 10 psi E10 fuel
(Figure 16). With only two vehicles ancetlrery low levels attained, no statistically significant
conclusions can be drawn from the data available.

The averag®ay 1 diurnal permeation for the five Enhanced Vehitdesled to increase as
ethanol content increased (with the exception of the E2K).f Again, statistical conclusions are
not appropriate given the small sample size and limited data.

This study included an evaluation of two vehicles with implanted vapor system leaks. This
interest followed the information gathered in the Pilot Study where tests were run with a

specially modified fuel <cap coniclesievaluatedina 0.

this phase of the study were configured and certified to the Onboard Refueling Vapor
Regulations (ORVR). These are capable of containing 95% or more control of the refueling
vapors at up to 10 gallons per minute fueling rate. Wher€lleeroletCavalier had a small
(0.0550 diameter) orifice and a | ong vap
canister (and then to the atmosphere), t
diameter), short vent hose to a léaw restriction carbon canister. The emission results
measured with the ORVR vehicles were significantly lower than measured in previous studies
with the preenhanced evaporative emission control systems.

or
he

Summary of Findings and Results

The E77-2 teg program was a continuation of the previously publishéd Eest project, and
addedeightvehicles tested ofive fuels to the knowledge base. The permeation trends
previously shown werpresenfor the most part. The small sample size and limited nuwibe
tests preclude making statements about trends in emissions with statistical confidence, but in
general:

o0 The newer vhkicle groups had lower emission levels.

o Adding ethanol to the fuel increased permeation over theorpgenated levels.

0 Increased voldity increased permeation levads average, but produced mixed
results on the individual vehicles. The effect of volatility needs additional study.

o SHED emission rates must be corrected for the ethanol ertieefrlame
lonization DetectorKID), and the nofiuel methanol and refrigerant in the
measurement
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ENHANCED EVAPORATIVE EMISSION VEHICLES
CRCET77-2

INTRODUCTION

Background - The Coordinating Research Council (CRBas sponsored studies on evaporative
emissions of vehicles for overo decades. Whereas the exhaustddpipe) emissions have

been extensively studied as a source of air pollution, and through the development of advanced
control systems, reduced tery low levels in properly maintained and €tioning vehicles, the
non-tailpipe emissions ieels are not as well understooddocumented.

This report describes an-@oing investigation into the evaporative emission performance of
light-duty vehiclesas they exist in the American population. Evaporative emissions are, in this
context, thduel-relatedemissions that escape from the vehicle at rest, and during vehicle
operation (omitting those that come from thgpipe). The CRC E77-2 Evaporative Eission

Test Program, the subjecttbis report, evolved from the CRG'H Pilot Studyand used test
procedures and insight borrowed from other CRC test programs, includifgHtiel

Perneation from Automotive Systemall of these programs, includingé subject of this

report, were conducted at the Automotive Testing Labdestdnc. (ATL) in Mesa, AZ, which
providesunique experience and facilitiesgerformevaporative emission programs of this
nature.

For the follow-up study E77-2, the sponsoselected eight vehicles for evaluationfive

gasoline fuel blends, including three levels of ethanol (zer@rid20 volume percent). In

addition, two of the vehicles were given a limited evaluation with implanted small leaks in the
evaporative systenThe selected vehicles were prepared for test, preconditioned for a minimum
of four weeks on the test fuel when the ethanol level was changed, and then subjected to the test
sequence. The evaporative emission test sequence consistedadfowing fourparts

1. Static Permeation Rate Measurement at 86°F (Includes leak checks)

2. Dynamic (Running Loss) Permeation and Canister Loss Measurement at 86°F

3. Hot Soak (ATrueodo or Net Valwue) foll owing
4. Two Day Diurnal (65°F to 105°F) Permeatiand Canister Loss Measurement

While one objective of this project was to measure the evaporative emission performance of the
selected vehicles, a second objective was to develop and refine the test procedures and analysis
methods. We have includeidcumentation of these test procedures beginning on page 10.

Each vehicle started the evaluation withraekek preconditioning on 10 psi E10 fuel, and then
ran the 10 psi E10 evaporative emission test sequence (static, running loss, hot soak, and

! Coordinating Research Council, Inc., 3650 Mansell RBadte 140, Alpharetta, GA 30022, (678) 7Q&06,
WWW.Crcao.org

2 ATL, 263 S. Mulberry Street, Mesa, A%80) 649 7906Www.ATL-AZ.com Greg Barton, President
1
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diurnal). Based on the previous experience with CRE5Eit was thought that tifeur week
period was appropriate for the permeation rate-stabilize following the fuel change. After
validation and committee approval of the data, the fuel was changedweraviaatility (7 psi)
E10 fuel, allowed to rstabilize for up to one week, and therexaluated on the emission test
sequence. The shorter stabilization period was thought appropriate to allow the system to
respond to a volatility change of a similanatol content fuel.

Once the test results were approved, the vehicle was refueled with 9 psi EO fuel, and again
subjected to a-veek minimum restabilization. The evaporative performance test sequence was
then repeated, and repeated again with a 7(pfué after a one week stabilization period. The
final test fuel was the Psi E20 mixture, again afterdaweek stabilization.

Contract History i Members of the CRC Real World Vehicle Emissions and Emissions

Modeling Group, together with technical repeatatives from EPA and the California Air
Resources Board, met at EPAOGSs Ann Arbor offic
and content of the study. A follean to the CRC &7 Pilot Study, it included evaporative

emission performance testingeightrecent model light duty vehicles using three ethanol levels

(EO, E10, and E20) at various RVP levels. The vehicles were not theasahwseaised in the

Pilot Study.

The original contract includegightvehicles tested ofour fuels (7 psi EO, $si EO, 7 psi E10,

and 10 psi E10). A later contract modification added limited testing on two vehicles with
implanted leaks, added testing on 9 psi E20 Fuel, and included monies to pay for retesting and
repairs of a problem vehicle.

Period of Performancei Vehicle preconditioning was first reported in the Volume 3, Number 1
progress report dated April 22, 2007, and continued through Volume 3, Number 83 dated
November 16, 2008. Figure 1 depicts the actual program testing adtivityolored bars

indicak both the preconditioning and the vehicle performance testing period. Analysis and
comments were contained in the mexs reports through November.

E77-2 Project Timing

2007 2008
ID Vehicle Apr May Jun Jul Aug Sep Oct Nov Dec|Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

202 1996 Ford Taurus

204 1999 Honda Accord
205 2001 Toyota Corolla
207 2005 Dodge Caravan
207L  Caravan with Leak

211 2004 Toyota Camry
211L  Camry with Leak

212 2006 Ford Taurus

214 2004 Ford Escape

215 2004 Toyota Highlander

Figure 1i Testing Activity



TEST PROGRAM OVERVIEW
Vehicle Selection

The sponsors chose to evaluate eight vehicldwerfuel blends. The vehicles were defined to
beoneprenhanced evaporative system vehicle
Evaporativedo system vehicl es ( mo dr&éro)yebkicdes s
that were 2004 model year vehicles or later. Theepteanced vehicle was certified to a single
dayodos diurnal control The enhanced control
performance test, including a thrday diurnal, a lgh temperature hot soak, and a measured
running |l oss test. The Tier 2 vehiclesbo
but at a standard of about efoairth of the enhanced vehicles level. All but the 1996 pre
enhanced vehicle were cérd to the OrBoard Refueling Vapor Recovery (ORVR) emission
requirements. All the vehicles were the property of CRC, having been bought, along with other
vehicles, for CR@rojectE-74b (CO vs. RVP). The vehicles were originally purchased for the
E-74bproject from local retail sources in the Phoenix, #&ga

(1996
1909

test

Each candidate vehicle was checked at the start of the test program to make sure that there were

no system leaks, to verify system purge was present, and to generally establishabsdfe to
operate.

Vehicle Fleet

Table 1 below lists and describes the eight vehicles studied in this program. A more complete
file containing the vehicle road | oad coeffic
772 Companion Fi IEXCExXIE§O f({ Miecrawsaofltabl e on t he
WWW.Crcao.org

Table 1
E77-2 Vehicle Fleet

Fuel

Tank

Vehicle  Model Odometer Plastic/
Number Year Make Model Miles Evap Standards Evap Family Metal
202 1996 Ford Taurus 86,538 Pre-Enhanced TFM1115AYMEB  Metal
204 1999 Honda  Accord 100,418 Enhanced/ORVR XHNXRO130AAA  Metal
205 2001 Toyota Corolla 92,047 Enhanced/ORVR 1TYXR0115AK1 Metal
207 2001 Dodge Caravan 92,740 Enhanced/ORVR 1CRXR0165XAA  Plastic
214 2004 Ford Escape 40,188 Enhanced/ORVR 4FMXR0110BBE Plastic
215 2004 Toyota Highlander 88,000 Enhanced/ORVR 4TYXR0165PZ1  Plastic
211 2004 Toyota Camry 42,592  Near Zero/ORVR 4TYXR0130A11l Plastic
212 2006 Ford Taurus 28,354  Near Zero/ORVR 6FMXR0185GAK  Metal
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Test Fuels

The fuel comparisons selected for this project were three levels of ethanol edatieslatility
varied as listed in Table 2, below.

Table 2
Test FuelTarget Values
7 psi 9 psi 10 psi
EO X X
E10 X X
E20 X

CRC had fuels remaining froRrojectE-74 in quantities sufficient to condutiis program, e.g.,

7 psi EO and E10, and 9 psi E2Mhspection records of the base fuels are repeated in the
Appendix, using their &4b identifications, fuels 6, 7 and 4, respectivé&lye nominal 7 psi

fuels, both EO and E10, welecally blended withcommercial butane to make the higher

volatility 9 psi EO, and the 10 psi E10. The blends were done in drum batches, approximately 50
gallons at a time, by adding small amounts of butane, circulating for a brief period, then

sampling and determiningthenewo | at i | i t y “wiitrhs tar finke mtb,neusi ng t
described in ASTM D 5191. The higher (10 instead of 9) volatility of the E10 fuel was specified
because many |l ocalities permit Asplash bl endi

volatlity exemption for their vapor pressure limits.
Adaption Period for Test FuelChange

Many areas of the United States were reqditedise an oxygenated fuelimprove vehicle
emissions, especially during the summer season. While MTBE was the mosbigom

oxygenate, ethanol was also us&@RCProject E65 demonstrated that the permeation of

vehicle fuel systems increased with the use of fuels containing ethanol, compared to fuels with
MTBE, or no oxygenateCRCProject E65 also demonstrated that theanol had been

previously used, and the fuel replaced with a-athranol blend, it could take two to four weeks

for the ethanol increase to dissipate.

The protocols adopted for this test program were to require a minimtourafeeks of vehicle
exposue to a new fuel when first introducing 10 or 20 volume percent ethanol to the vehicle, and
the same period of time when moving to an eth#ma (EO) fuel. Note, when changing RVP

only, a one week exposure has been demonstrated as sufficient.

3 While the E20 target was 9 psi, the average inspection value (5 labs) was 8.5 psi. The sponsor chose to continue
the test at this level.

4 www.grabnesinstruments.corrMINIVAP VPS / VPSH Vapor Pressure Testdthe portable MINIVAP VPS
and VPSH vapor pressure testerstheeworldwide accepted standard instruments for determination of the vapor
pressure of gasoline according to ASTM D 5191, ASTM D 6377, ASTM D 6378 and EN 13016 1+2.

® The requirement for oxygen content in RFG fuels was removed by EPA in May of 2005, as directed by the
Energy Policy Act of 2005. The Renewable Fuels Standard, requiring renewable fuels (e.g., ethanol) in increasing
amounts over the years, replacesrtiandate.

4
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The TestConcept: Measuring Leaks, Permeation and Diurnal Vapor Losses

Mass emissions are measured in a VT SHED or Variable Temperature Sealed Housing for
Evaporative Determination. The SHED test method

combines all three emission mechanisms (leaks,
diurnal verting, and permeation) into a single test
result.

The SHED technique involves placing the vehicle in
a sealed enclosure (Figure 2), and calculating the
mass in the enclosure from the volurdensity and
concentration in the enclosure at the start and en
a time period. The difference between the mass at
the start and end of test is the emission rate, e.g.,
grams per unit time.

Figure 2i SealedHousing forEvaporative

C R C 6-%7 elfission test programs have Determination

developed (and strivi@ continually improve)

new methodologies for understanding and quantifyelgjcle evaporative emission ratése

concept partitionand assigns he vehi cl ebs contribution to the
into threemechanisms

1. Permeation
2. Tank vapomwenting
3. Leaks ith two subsets Liquid and Vapor)

Permeations the migration oHC through the various elastomépolymers)in a vehicle fuel

systemi. Previous testing has shownthatp meat i on rate is strongly a
temperatue, doubling for each 10°C (18°F) increase in the range of normal summer

temperatureslt is also strongly affected by gasoline composition, especially with ethanol

containing fuels.

CAFuel Permeation from Automoti-68, SyHdasekmew, FLnlhér Rgpan

September 2004, available on the CRC and California Air Resources Board websites.

5



Tank vapor ventingmissionsare controlled by fitting a carbon cateisto the atmospheric tank

vent. Figure 3 is a schematic of a typical early control system. During a daily heating period, the
temperature of the vehicleds fuel tank increa
emissions, exceeding the carboncaresr 6 s capacity, are vented to

ENGINE '\
> PURGE

TANK VENT
/?ESTRICTION

<
FRESH
- AIR

BED

7

Figure3 - Control System Schematic

Leaks can be liquid or vapoiPermeation and tank venting losaes strongly driven by fuel
composition, ambient temperature, and ambient temperature chaingel |eaks are not
strongly affected by normal sumer temperatures, and are thoughtaee two components:

1. Static leaks occurring while thengine is turned off and tivehicle isstationary
2. Increase in leak rate caused by the system pressure indueggeengineperation.

A Test Method for Separating Permeation from Tank Venting and Leak$ In a previous

CRC Project (Eb5), the canister loss waeparated from the permeation measurement by
venting the losses from the carbon canister outside
the SHED. For Project-E£7, the canister vent
losses were collected and measured in a separate
Atrap cani stero on a scale
shown in Figue 4 This vent line was capped off
(i.e., sealed during the Static Testit connected

as shown in the figure for the Dynamic and the
Diurnal Test. The ambient temperature in the
SHED was constant during the static test, and
there was no vapor createdcanstant

temperature.

Figure 4- Trap Canister



This vent was closed to pressurize the system for the leak evaluations. The resulting SHED
increase in HC mass was permeatiofihe last mechanism that needed to be evaluated was
leaks. Leaks can be both vapor and liquid. Aitideak can have significant mass, currently
undetect ed b yboarddieagnast Bystem. €dnsiderabte thought and effort have
gone into the creation of a simple and effective liquid leak detection methodology, without
success. The techniquesed in this project required the use of a SHED for measurements. The
techniques were not simple, but they proved effective.

Based on experience, a vehiclebds permeation r
mg/hour at the 86°F test temptena. The presence of a static liquid leak is expected to

overwhelm this value; such a leak would (or could) be apparent by inspection. Leaks from the
vehicles were quantified in a thrstep test process. The first step was to measure the static
permeabn rate of the vehicle at 86°F. The vehicle was allowed to stabilize overnight at 86°F in

the SHED and the permeation rate was calculated from the mass increase in the SHED during a
onehour measurement period. The second part of the test, lookipgegsure driven leaks in

the vapor system, was perfor me dOthroughmspecas ur i zi
fuel cap and tubing from outside the SHED (Figure 5). The special fuel cap, tharbsse
pressurization apparatuereinstalled lefore the start of the sequence. The HC concentration in

the SHED was monitored, and the increase in the mass of HC in the SHED duringrtimai&0
pressurization period compared to the static permeation rate. If there was no (or insignificant)

rate of hcrease, it was deduced that no vapor leak was present.

Figure 5- Static Test Tank Pressurizatior

The third and final part of the test was to e
system up to and including the injectors (Fig)elf there were a pressure leak in the liquid

system, an increase in the SHED mass over thaiB0te measurement period would be seen,

i.e., the leak would be additive to the permeation rate.

® This is a simplification. There are other HC sounmessent that are not fuel permeation. These include tire, paint,
adhesives and vinyl emissions, and the possibility of fuel leaks from the fuel injectors. We believe these to be a
minor component of the emissions measured in this study.

7



Figure6i Static Test Fuel Pump Energized

Other Tests(Dynamic, Hot Soak, and Diurna) - A similar configuration is used to isolate the

tank venting losses from the permeation measurements determined by other test procedures. The
vehicleds canister vent is ¢ob6omé&Qt-heahdfigingb | & |
in the SHED wall and t hen -lbadingscake.eAmaHCat e ftr ap
emi ssions that escape from the vehiclebds cani
at a 0.01 g (10 milligram) precision. &lrap canister (a 1 Liter Ford model) is purged before

each test and maintained at a fAdryo condition
emissions. This assumption is probably violated during the high volatility tests where there are

30 grans of daily emissions, but this is not a concern at this time.

Test Elements for E77-2 - The following flow char{Figure 7 displays the various elements
utilized during the testing of the various vehicles and fuels during this program. Details of each
of the four basic tests follow the flow chart.
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Test Procedures There are foubasic tests in the-E7-2 test protocol

Static Permeation Raten€ludes checks for vapor and liquid leaks)
Running Emissions (Dynamic $8

Hot Soak

Diurnal

PwpE

Each is described in detail below.
1. Static PermeationRate Testing

The constant temperature (static) permeation rate is measured in a traditional SHED (Constant
temperature) in the following manner.

A. The fuel tank is drained arifled to 40% tank capacity with the test fuel.

B. The day before testing, the vehicle is driveerfour road trips of 7.5 miles each
to precondition the canist&(These drives are similar to the t4)

C. Upon return from the road pednditioning, the fuefank is drained and filled to
40% tank capacity with the test fulel

D. Vehicleis parked for 182 hours in a controlled temperature environment at test

temperature (86°F)

The vehicldas thenmoved (without starting) into the test (86°F) SHED

The canistewentis connectedo the SHED bulkhead fitting which routes the
vapor to the trap canister outside the SHED

. The tanksystem pressurizatidmseis connected

The fuel pump electrical connecti@connected

The SHED is sealedhe inside temperatureaiowed to stabilize and the test

started. ContinuouSHC measurements are made using a.FEhanol,

methanol and R134a concentratiams measuredsinganINNOVA analyzer

All measurements are madeleast every minute for one hour to deterntivee

stabilized permeation rate.

J At the end of the st at vapordystesdpregsthifed mi n ut
to 5 inches of water for thirty minuted/leasurementare madeo quantify vapor
leaks as determined by hange in th&HC in the SHED

K. The fuel pumps then energizetbr 30 minutes while maintaining the 5 inches of
water on thevaporsystem Liquid leaksare quantifiechs determined by a change
in the concentration of THC in the SHED

nam

The purpose of steps J and K above is to validetethe permeation rate measurement was
made without the presence of any |&akither liquid or vapor. A detailed discussion follows,
starting at pagé2.

8 This conditiming can be done in the laboratory on a chassis dynamometer if proper attention is paid to underbody
cooling and unrepresentative fuel tank temperatures are avoided.
° Vehicles with ORVR systems will add the refueling vapors to the canister. This is OK

10



2. Running Loss Test (Dynamic Test)

A. The \ehicle is placed in the REHED and prepared for tes(The fuel level and
condition for the dynamic test is the fuel remaining after completion of the statfic test
40% fresh fill of the appropriate test fyel

Outside air surce fortheengineis connected

Vehicleexhaustis conneced

Fuel tankthermocouplés connected

Canister vents connectedio the SHED bulkhead fitting which routes the vapor to the

trap canister outside the SHED

Vehicleis allowedto stabilize in the RISHED at test temperature (86°F) for a minimum

of 12 hourg preferaby overnight.

G. Two cycles of the Unified Cycle (LA2) driving schedulé48 mins.) are drivewhile
measuring the mass emissions in the SH&Ehicle is allowed todle (in drive) for 30
seconds between the two cyclésmbient air temperaturie maintainedto the extent
possible)at 86°F.Fuel tank surface temperatusemonitoredduring vehicle operation. It
should increase during the drive from 10 to 18°F to simebapectecbn-road
temperature increaséeasured mass emissia® correctedsing the NNOVA data
for the ethanol, methanand refrigerant emissions.

moow

n

3. Hot Soak®

This procedure is executed immediately following the Running Loss Test procedure

described above.

A. Engineis turned off transmission select@® placedn park,anddriver exis the
enclosure, using the double door air lock, taking care to minimize any air exchange
bet ween the | aboratory and the SHED. Thi s

B. Measurenens of mass emissia@in the SHEDare continuedor another 60 minutes
(untl time = 108 minutes), correcting for the ethanol, methzarad refrigerant mass
using the INNOVA instrument data. This ends the hot ddaksoak emissionare
calculatedas the net difference for the one hour hot soak (Corriias€orrMasss
minusthe 86°F static hourly rate, all mass rates in mg/hour).

4. Diurnal Test

A. The fuel tank is drained and filled to 40% tank capacity with the test fuel.

B. The day before testing, the vehicle is driwserfour road trips of 7.5 miles each to
precondition thevehicle and theanister

C. Upon return from the road paonditioning, the fuel tank is drained and filled to 40%
tank capacity with the test fuel

D. The wehicleis parked for 1&2 hours in a controlle@mperature environment at the
initial diurnal test temperature (65°F)

E. The SHED is sealed, allowed to stabilize atGh&Ftemperature and theday
California Diurnal Tesis started.

10 Wedefinet h e f h tobethe erapbkrary increase in emission rate caused by the immediately preceding
operationof the vehicle It is the increase in the SHED mass (corrected for EtOH, MeOH dr3d&) over the
one hour period minustheprevoll y est abl i shed fAstaticd permeation rat

11



F.AConti nuous o (TéE measurerBedts aeamade mugingB.FEhanol,
methanoland R134a (refrigerant) concentrati@s measuredsinganINNOVA
analyzer, at least every 10 minutes for the duration of the test (72 hours).

Static Permeation Test Leak Validation

If a leak is detected during either the vapgstem pressure portion (Step J) or the pump

energized portion (Step K) of the Static Permeation Test procedure, it calls into question whether
the permeation rate measurement accurately reflects fuel system permeation or if instead a
combination of permation and the implied leak was measured. If a leak is confirmed, the
permeation rate measurement is called into question, and an investigation, possible remedy, and
retest is indicated.

The permeation rate measur e manolimisrepuesentatibneanct or r e
the presence of neinel hydrocarbons (methanol and refrigerant). The leak clmeskever, is

made using the change in mass increase in the SHED usingdbeected FID massalculation

as the determinate. It was found the torrections for ethanol, metharehd refrigerant were

i ntroduci ng 0 nandthatehese wan kteing ntisimterpreted asdeaks

Leak Test
Vehicle 204 - 1999 HondaAccord - 9 psi EO
100

90 A
80
70 H y=0.55x - 0.1
60 - FJI’JAI

40 4

SHED Mass - mg

30 A
y =0.62x - 1.9
20 1
10 1 Tank Pressurized Pump Activated

Test 7028

0 20 40 60 80 100 120

Test Time - minutes

Figure 8i Leak Test

Figure 8 above represents the calculations made during the inspection of datastroressful

test . E AEXLOEABs function is used to calcul ate
the FID calculation for nmss for: Time 0 to 60 minute$jme 64 to 90 minutes, and Time 94 to

120 minutes. A 4minute gap was included between eaehuence to establish the new mass

emi ssion rate durdgtoDy) t handptbasestpampneae(di ze

TheslopeoD . 47 for the ATank Pressurizedo period i
slope of 0.62 calculated for the permmeaon r ate (or hot soak) peri oc

12



Pressurizedo sl ope is not more than 10% highe
that there is no leak present. A similar comparison is made for the slope determined during the
ipump o nThe ghace of a 0% allowance is arbitrary and is used here to allow for

normal and unavoidable test variation.

For tests in which the above procedure determines that no leak is present, a value of zero is
reported in the test summary for the leak resulta positive value is reported, it calls that test
into question, and an investigation, possible repair, and retest is indicated.

Static Permeation Rate Determination

The static permeation rate is determined based on a linear regression thrandivitheal

SHED mass data points (data measured each 30 seconds) of the corrected fu@oesclisd
for the FID error, and subtracting the methanol and refrigerant) from the first 60 minutes of
testing as illustrated in Figure 9 below.

Static Permeation Determination
Vehicle 204 - 1999 HondaAccord - 9 psi EO Fuel
45

——Raw SHED

40 |

Corrected Fuel

35

30
Permeation Rate Based on Corrected Results

25 Permeation Rate = .5636 x Time = 33.8 mgs/hr

20

Permeation - mgs.

15

10

0 10 20 30 40 50 60

TestTime - mins.

Figure 9i Static Permeation Determination

In this example, the static permeation rate is 33.8 mg/hr.

Dynamic (Running Loss) and Hot Soak Test
The preceding section addressed the concepts of separating the permeation emissions from the

tank venting emissiongnd establishing the presence or absence of leaks. The second part of
this study includes a dynamic test to measure the permeation and tank venting emissions during

13



vehicle op
t

n (Arunning |l osseso)iomnd t he
known as t C

soak. o

This is considered a fidynamico test because t
temperatures rise during the test. The ambient temperature in the Running Loss SHED during
thetest was held constant at 86°F,iwh e t he vehicleds fuel system
test. Two 1435 second (23minute) LA-92 driving cycles were performed consecutively during

the running loss measurements with as@@ond idle irbetween. During this test, tank fuel
temperaturavas expected to rise by an average approximately 18°F above the initial ambient
temperature. The running loss air handling system included a proportional speedannder

blower operated as a slave to dynamometer speed. This apparatus was used durqtpssnn

testing with minor tuning for specific vehicle®vithout additional inputjt is capable of

reasonable fuel tank temperature control. Each vehicle was fitted with a sudaoe

thermocouple at the front of the fuel tank, located at approxiyniéte 1/8" fill level to measure

the fuel liquid temperature. No attempt was made to follow a predefined fuel tank temperature
profile (FTTP) in this program. Fuel temperatures were recorded, and results are available in the
reaktime records.

Figure 10- Running Loss SHED

Vehicle running loss emissions are measured in a special version of a SHED known as a
Running Loss SHED (RISHED), shown in Figure 10. Special features of theSRIED

include a sealed chassis dynamometesifoulating vehicle driving loads, a sealed outside air
supply for engine intake, a sealed exhaust conduit for engine exhaust, and arhasdirfan

for simulating underbody air flow as described above. A vehicle is operated inside-Si¢HRL.
over a cheen driving cycle. The increase in HC emissions inside the enclosure are measured
and calculated as mass emissions per 40 CFR §866.63

14



Vehicle testing in an RISHED is complicated by several factors, including:

1.
2.
3.

allow external leaks.

ambient by the running engine and exhaust.

Qol i

ng

speed.

air

rise expemrenced by a real roadtive.

supplied

Enginemust be supplied with exteal induction air.
Exhaust must be conducted externally without any leaks.
Load supplied to the vehicle through the chassis dynamometer must not create or

to t

he

Internal SHED temperature must be maintained while sizable hegteted to the

radi ato

Canister vent losses were isolated from permeation emissions using the tephenimesly

descri

SHED using a leakight PTFE h 0 s e

bed.

equival ent)
The scale precision was 0.01 grams (10 milligrams) and it was purged prior to each test. There
were no tank venting emissions measured on any of the running loss test measurements. All of

t he

vehi

cl es

The vehic
( 3/

connected

appeared

|l eds carbon canis-ter fre
80 OD commercial tubing,
t o a s mimddihg preasiobstate. it r ap

t o

be

actively
fresh air during the test. If there were any emissions from theweh e 0 s

control

r mu s t

Underbody (and especially the fuel system) temperature should represent the rate of

have occurred if there were no vehicle purge or if very high volatility fuels with excessive vapor
generation were used, they would have been measured.

The Running Loss DrivingCycleonsi st ed

of

t wo

cycles of

t he

otherwise known as the 1-82. A velocity versus time plot for one cycle is shown in Figure 11.

Unified Cycle (LA-92)
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Figure 11i Running Loss Driving Cgle
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The LA-92 cycle takes 24 minutes to complete, and covers 9.8 miles, with many speed changes.
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minimum of 18 hours at 86°F, moving it to the stabilized 86°FIRIED, making the test
connections, and then waiting a minimum of one hour before the initial start and run.

The SHED emissions were measured during 48 minutes of engine operation, and then
continuously for one hour after the engine was turned off. Thisaune &ngineoff duration
was the Ahot soako period. The total test tim

Figure 12 shows results from the 9 psi EO fuel test on Vehicle 204. The horizontal axis is test
time in minutes, and the vertical axis is the HC mass measured in t8&IRD during the test
period.

The engine was shut off at the end of the second Ldk®2 cycle (~48 minutes), and the
analysis system continued to measure the HC emissions in the SHED for the next 60 minutes.
This represented the Ahot soako portion of th

Running Loss and Hot Soak
Vehicle 204 - 1999 HondaAccord - 9 psi EO Fuel

300
o Running Loss Hot Soak 2174
1S TruHS = 44.2
L 250
o Running Loss Std. =0.05 a/mi 233.2
§ This Test =0.010 g/mi
£
T 200 1
?& RL = 249 mg/
2 199.0
©
=}
£ 150
]
O
°©
)
[
< 100
°
'_
e
it
[&]
© 50 1
o
O

Test 25668
0 T
0 20 40 60 80 100 120

Test Time - minutes

Figure 12i Running Loss Test Result:

The ATrueodo Hot Soak

The tradiional hot soak is determined from the increase in SHED emissions as measured for one
hour following a prescribed drive to heat up the vehicle (292Acycles during the Running

Loss Test) Hot soak emissions, however, have two components; that cautezlddgvated
temperature resulting from the drive, and that resulting from one hour of static permeation.
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To separate these two components and deter min
procedure was used. A T redicticdlculated byl sdbtractimg thes o a k e
Aistart of hot soako cumul ative SHED hydrocarhb
the final cumulative SHED hydrocarbon value (i.e., 277.4 mg @ t = 108 min.). This resulted in a
cumulative SHED hydrocarbon lu@ of 78 mg for the 1 hour hot soak. The previously

determined static permeation value (i.e., 33.8 mg for a 1 hour hot scadete§igure 9) was

then subtracted to arrive at the Atrueodo hot s
rate(he Ahot soak effecto) caused by the increas
subtracting the fAstabilized permeation ratebo

In Figure 12, the static permeation rate is superimposed as a solid blue line on the plot from the
startingpo nt of the hot soak unti/l its end (one ho
calculatedas 78 mg 277md 99 mg), the Atrueo hot soak i s
T 233.2 mg). True hot soak values reported here were determinednmatimer.

Diurnal Test

Diurnal permeationvas determined by subjecting the vehicle to a titt@g period in a

temperature controlled SHED while continuously recording the total hydrocarbon every 30

seconds. The SHEE&nvironmentatemperaturavas varied fom 65F to 105°F per the

California Diurnal Test protocoCanister vent losses were isolated from permeation emissions

using the techniqupreviouslyd e s cr i bed. The vehiclebs carbon
connected to the outside of the SHED usim a leaktight PTFE® hose connected to a small
carbon Atrapo c aloadisgtpreasion soate.aThe stalepmrecison wa®(p0l

grams (10 milligrams), and it was purged before each test.

DISCUSSIONOF TEST RESULTS
Results

Emissior esul ts are presentédwbehowhbydamachari am
Afenhancedo and the two f Reenahra nzceerdodd vveehhiiccllee,s .t h
Taurus (202), was a special case and will be discussed in a separate sectwith&wehicles,

the 2001 Dodge Caravan (207), and the 2004 Toyota Camry (211) were also subjected to limited
testing with an di mplanted | eakd (a 0.0200 di
magnitude of a knowhkelrsahl . tifchsdiamen thiddumis.| t s ( ALe

Static Permeation Rate(Constant Temperature (86°F))- Averagepermeation rateompared

by fuel specification for two vehicle groups,;
emissions.
“"The fAimechanismsodo are; 1 Permeation, 2 Tank Venting (C

17



Static Permeation Rate - All Fuels
E77-2 Program Vehicles

60

Enhanced Near Zero
50 1 (5veh) (2 veh)
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30 1

20 1

Corrected Permeation Rate - mg/hr
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7EO 9EO 7E10 10E10 9E20 7EO 9EO 7E10 10E10 9E20
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Figure 13/ StaticPermeation Rate Compariso

Figure 13 presents the static permeation rate
and 2 fAnear zeroo0o vehicles on the five fuels
from left to right by ethanol leal. The vertical scale is the average permeation rate in mg/hour

for the static (86°F constant temperature) test.

Previous studi¢$™® had shown thatehicles operated ahefuel containinglO vol% ethanol
would have higher permeation rates compardtidee resulting from operation amorethanol
(EO) fuel of similar properties. We also expected Hedicles usindnigher vapor pressure fuel
would exhibit increased permeation levels at similar ethanol levels. Other studies had reported
mixed resultsvhen comparing E20 permeation rates against E10 measurénsemte were
higher and some were lower. The difference may have been within the repeatability of the
measurements, and probably suffered from a limited number of observations.nibexe
resuts are present in this testing of the enhanced vehiolesver the E20 (violet bar)s higher
on average for static permeation ratetf@ Near Zergroup. The data thatereused to
construct the averages in Figure 13 are listed in Table 3 belowe iBhagnificant variability in
the test results, and the limited sample size precludes making conclusive statements with
statistical confidence.

12 CRC E65.3,Fuel Permeation from Automotive Systems: EO, E6, E10, E20 and BE&%mbeR006
13 cre E77,Vehicle Evaporative Emission Mechanisms: A Pilot Stuliyne 2008.
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Table 3
CRC E-77-2 Program - Static Permeation Results

Static Permeation Rate - mg/hr
Vehicle ID_ Technology  7psi EO 9 psi EO 7 psi E10 10 psi E10 9 psi E20
204
1999 Honda Enhanced 12.9 33.8 66.4 84.3 55.3
Accord
205
2001 Toyota Enhanced 9.9 19.5 59.6 41.6 46.2
Corolla
207
2001 Dodge Enhanced 40.1 32.5 64.4 78.7 88.2
Caravan
214
2004 Ford  Enhanced 25.2 10.7 23.9 24.4 16.8
Escape
215
2004 Toyota Enhanced 8.7 8.5 12.2 10.4 19.3
Highlander
Enhanced Averages 19.4 21.0 45.3 47.9 45.2
211
2004 Toyota Near Zero 9.1 10.1 9.4 19.9 55.8
Camry XLE
212

2006 Ford Near Zero 0.9 3.2 21.8 10.6 4.7
Taurus

Near Zero Averages 5.0 6.7 15.6 15.3 30.3

Summary i Static permeation rate increaseith increase in ethanol level. Three of the 5
enhanced emission vehicles did not show an increase in permeation rate when tested with the 9
psi EO compared to the 7 psi EO.
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Dynamic (Running Loss) Permeation In a similar presentation, Figure 14 shows the average
peemeal eonypaseahdr thlkeefuel s t
her e

ARunning LoOosSsO

per meation as descr.i
a RunningLoss SHED (RESHED) at 86°F.

Running Loss Permeation Rate - All Fuels
E77-2 Program Vehicles

400

bed

i s the permeatio

Enhanced
350 A (5 vehs)

300

250 {1 7

200

150 +

100 +

Corrected Running Loss Permeation - mg/hr

50 1

7EO0 9EO 7E10

10E10

9E20

Fuel

7EO0

9EO

Near Zero
(2 vehs)

7E10

10E10 9E20

Figure 14i Running Loss Permeation Comparison

The dynamic prmeation rates for the enhanced vehicles (left panel) followed a similar pattern as
the static permeation. The average of the E20 fuel was the highest of the average values
observed on both the enhanced and the-nexar vehicles (left and right panelsspectively).

Table 4 below shows the data used to generate the averages used in Figure 14.
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Table 4

CRC E-77-2 Program - Running Loss Permeation Results

Running Loss Permeation Rate - mg/hr
Vehicle ID Technology  7psi EO 9 psi EO 7 psi E10 10 psi E10 9 psi E20

204
1999 Honda Enhanced 222.6 249.2 287.9 316.4 272.0
Accord
205
2001 Toyota Enhanced 67.1 103.1 232.8 191.6 169.7
Corolla
207
2001 Dodge Enhanced 842.5 833.9 812.2 858.1 1028.2
Caravan
214
2004 Ford  Enhanced 36.3 96.7 105.7 133.1 139.4
Escape
215
2005 Toyota Enhanced 79.7 81.1 97.9 71.9 102.5
Highlander
Enhanced Averages 249.6 272.8 307.3 314.2 342.4
211
2004 Toyota Near Zero 104.6 83.7 56.3 138.3 410.6
Camry XLE
212
2006 Ford  Near Zero 184.5 115.8 201.2 148.9 116.8
Taurus

Near Zero Averages 144.6 99.8 128.8 143.6 263.7

Summary i The dynamic permeation rate (measured during vehicle operation) was higher with
the E10 fuel compared to EO for the enhanced vehicles EZ0g@ermeation rate was higher

than EO and the E10 fuel. The small sample size and limited data precludes us from making
statements about statistical confidence, but this may indicate a trend. The near zero vehicle
average increased as the ethanol lev@kased. Trends with volatility were mixed, or
inconclusive.
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Hot Soak (ATr ue HoitTheHotbEhak gmissians ameetined irothis report

are the net increase in permeation rate following vehicle operation. We measured the mass
increasen the SHED for one hour immediately following vehicle operation, and subtracted the
previously measured static (or normal) permeation at the same temperature. While this is not the
traditionalCode of Federal RegulationGKR) definition, we feel it isappropriate for the intent

of this project.

"True" Hot Soak Permeation Rate - All Fuels
E77-2 Program Vehicles

70

Enhanced Near Zero
(5 vehs) (2 vehs)

60

50 4

40 A

30 1

20 1

Corrected Hot Soak Permeation - mg/hr

10 1

o E_J—.___l

7E0 9EO 7E10 10E10 9E20 7EO 9EO0 7E10 10E10 9E20

Fuel

Figure 15 True Hot Soak Permeation Compariso

The ATrue Hot Soako performance for the aver a
Figure 15 above. There was a large increase in the hovahekwith the E10 fuel compared to

the EO. The hot soak value with the E20 fuel was comparable to the EO results, and lower than

the E10.

The Near Zero vehicles (2) had zero hot soak emissions when tested on the 10 psi E10 fuel
(Figure 16). With onlywo vehicles and the very low levels attained, no statistically significant
conclusions can be drawn from the data available. Table 5 presents the individual tests used in
calculating the average values plotted in Figure 15.

22



Table 5
CRC E-77-2 Program - True Hot Soak Permeation Results

True Hot Soak Permeation Rate - mg/hr
Vehicle ID Technology  7psi EO 9 psi EO 7 psi E10 10 psi E10 9 psi E20
204
1999 Honda Enhanced 18.7 44.3 29.7 0.4 13.4
Accord
205
2001 Toyota Enhanced 0.0 1.0 71.9 29.5 60.3
Corolla
207
2001 Dodge Enhanced 0.0 5.8 122.2 237.7 0.0
Caravan
214
2004 Ford  Enhanced 3.3 52.1 329 57.4 56.0
Escape
215

2005 Toyota Enhanced 22.5 25.1 0.0 1.6 0.0
Highlander

Enhanced Averages 8.9 25.7 51.3 65.3 25.9

211
2004 Toyota Near Zero 0.7 15.3 13.8 0.0 0.0
Camry XLE
212
2006 Ford  Near Zero 1.8 0.4 0.0 0.0 4.9
Taurus

Near Zero Averages 1.3 7.9 6.9 0.0 2.5

Summary - TheTrue Hot Soak permeation (permeation rate measured following vehicle
operation less the static constant temperature permeation rate) rate was higher with the E10 fuel
compared to EO for the enhanced vehicles. The E20 permeation rate was higher than EO and
lower than the E10 fuel. The near zero vehicle trends with both ethanol content and volatility
were mixed, or inconclusive. The small sample size and limited data precludes us from making
statements about statistical confidence.
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Diurnal Permeation Paformance 1 Figurel6 preserdthe diurnal permeation results for the
first day of the threelay diurnal test (65° to 105°F).

Day 1 Diurnal Permeation Rates
Averages from E-77-2 Vehicles

1200

Enhanced Near Zero
(5vehs) (2 vehs)

[N
o
o
o

800

600

400

200 I I I
o

7E0 9EO0 7E10 10E10 9E20 7EO0 9EO 7E10 10E10 9E20

Corrected Fuel Diurnal Permeation - mgs/day

Fuel

Figure 16/ Day 1 Diurnal Permeation Comparisc

The average day 1 diurnal permeation for the five Enhanced Vetgoldsd to increase as

ethanol content increased (with the exception of the E20 fuel). Again, sample size and limited
data makes statistical conclusionappropriate. Table 6 presents the individual test used to
generate the averages used in Figurel'hé.table includes the data from d&and3. The

ethanol content of the diurnal measurements was calculated, and appear in a series of figures in
the Appendix starting at pad. Unlike Figure 16, théigures shown in the appendix have not

been correted to excludehe nonfuel emissiors (methanol and refrigerant) that were present
during these tests.
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Table 6

CRC E-77-2 Program Results - Diurnal Permeation

Diurnal Permeation Rate - mg/day

Vehicle ID _ Technology 7psi EO 9 psi EO 7 psi E10 10 psi E10 9 psi E20
204 Day 1 367.2 628.3 1260.1 1547.9 1103.4
1999 Honda Enhanced Day 2 287.7 581.0 1165.2 1779.9 958.1
Accord Day 3 293.6 577.0 1165.3 1771.1 981.2
205 Day 1 383.0 499.5 1783.4 1794.1 1775.2
2001 Toyota Enhanced Day 2 365.4 481.0 1715.0 1730.9 1690.0
Corolla Day 3 367.0 507.2 1523.9 1741.7 1680.2
207 Day 1 397.5 406.4 1086.5 1406.4 1548.0
2001 Dodge Enhanced Day 2 302.6 337.3 812.0 1264.4 1370.2
Caravan Day 3 268.9 308.0 823.6 1223.7 1360.5
214 Day 1 494.3 455.9 524.2 492.0 470.9
2004 Ford  Enhanced Day 2 319.0 358.5 397.4 839.4 440.0
Escape Day 3 281.5 1101.7 394.4 11373.8 751.8
215 Day 1 248.3 202.1 224.7 319.2 416.8
2004 Toyota Enhanced Day 2 294.1 165.9 231.7 260.2 414.8
Highlander Day 3 288.8 176.3 267.5 237.0 450.6
Enhanced Averages 378.1 438.4 975.8 1111.9 1062.9
211 Day 1 207.1 130.3 243.8 337.0 284.0
2004 Toyota Near Zero Day 2 100.2 115.8 183.8 226.8 221.8
Camry XLE Day 3 87.4 100.6 184.3 217.9 203.4
212 Day 1 101.6 100.5 184.8 124.3 131.0
2006 Ford  Near Zero Day 2 71.2 70.8 100.2 87.9 83.3
Taurus Day 3 57.0 57.4 75.8 102.8 75.0
Near Zero Averages 154.4 115.4 214.3 230.7 207.5

Carbon Canister Breakthroughi Canister breakthrough is measured by the weight change
recorded for the trap canister outside the SHE@Qudintifies the amount of vapors that
overwhelm the evaporative system storage canisigure 17 displays the breakthrough
resulting from testing of 9 psi EO fuel. Only four of seven vehicles exhibited breakthrough.

Canister Breakthrough
9 psi EO Fuel - 65°to 105°F Diurnal

40 110
s | ===204 - 1999 Honda Accord 1 105
o211 - 2004 Toyota Camry
T 100
30 A 215 - 2004 Toyota Highlander
4 w
=205 - 2001 Toyota Corolla 95 2
[=2 =l
25 1
€ T9 o
] g
3 20 18 3
Q
E 5
] T 80
= 15 A [a)
o T — w
T75 &
10
T 70
5
T 65
0 ‘ T 60
0 60 70

TestTime-hrs.
Figure 17 Diurnal Canister Breakrough
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Table 7 shows the breakthrough generated during the diurnal tests conducted.

Table 7
CRC E-77-2 Program - Carbon Canister Diurnal Breakthrough Results

Diurnal Breakthrough - grams

Vehicle ID  Technology 7psi EO 9 psi EO 7 psi E10 10 psi E10 9 psi E20
204 Day 1 2.4 31.0
1999 Honda Enhanced Day 2 - 13.6 - 36.0
Accord Day 3 - 19.8 - 36.0
205 Day 1 - - 20.4
2001 Toyota Enhanced Day 2 - - 30.9
Corolla Day 3 - 2.6 - 29.3
207 Day 1
2001 Dodge Enhanced Day 2
Caravan Day 3
214 Day 1
2004 Ford  Enhanced Day 2
Escape Day 3 4.9
215 Day 1
2004 Toyota Enhanced Day 2 -— 0.2
Highlander Day 3 - 7.2
211 Day 1 - ---
2004 Toyota Near Zero Day 2 - 12.9 --- 19.1
Camry XLE Day 3 17.6 28.9
212 Day 1
2006 Ford  Near Zero Day 2 -— -
Taurus Day 3 - --- 20.4

Summary i The lack of canister breakthrough for the 7 psi fuels (summer grade) indicates that
the storage capacity of the seven systems tested is aptelysiaed. Breakthrough began to

appear when testing of 9 psi EO fuel (not summer grade), and was more prevalent with the 10 psi
E10 fuel (winter grade). The lack of breakthrough with the 9 psi E20 fuel seems to be an
anomaly.
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Overall Trend Summary - The following chart (Figure 18) visually summarizes the trends seen
from all testing performed during this program.

Trend Analysis for E-77-2 Program

Enhanced Vehicles (Sample of 5)
| Ethanol Content
Static Permeation Higher Volatility EOto E10 EO to E20 E10to E20

| Ethanol Content
EO to E10 EO to E20 E10to E20

Running Loss Permeatio Higher Volatility

| Ethanol Content
EO to E10 EO to E20 E10to E20

True Hot Soak (TEFVO Higher Volatility

| Ethanol Content
Diurnal Higher Volatility EOto E10 EO to E20 E10to E20

Near-Zero Vehicles (Sample of 2)
| Ethanol Content
Static Permeation Higher Volatility EOto E10 EO to E20 E10to E20
BT

| Ethanol Content
Running Loss Permeatio Higher Volatility EOto E10 EO to E20 E10to E20

| Ethanol Content
True Hot Soak (TEFVO Higher Volatility EOto E10 EO to E20 E10to E20
Y @ @

| Ethanol Content
Diurnal Higher Volatility EOto E10 EO to E20 E10to E20

1

Figure 18 Trend Analysis Summaries
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Vehicle 202i 1996 Ford Taurus- Special Case

We have treated vehicRO2 as a special case. Thias the oldest of the vehicles tested, and had
been subjected to limited exhaust emission tests withveR@ne percent ethanol fuel (E20)
during the CRC E74b test program.

Vehicle 202completed the E10 portion of the test program (10 and 7 psi fuedsgssfully, and

completed theoad preconditioning on the EO fuel prior to the EO evaluations. The first test on

the EO fuel was excessively high, indiogta fuel leak. It was traced to a leaky fuel injector o

ring, and there was considerable disaussis to an appropriate repair. Tests were made on the 9

and the 7 psi EO fuel to measur e ,dnththetestagni t ud
were | abel ed as 20 2L-ringslwerarkplaced as a dompeletefset,eand i nj e
theveh cl e resumed testing as A202R06 (Repaired).
identified as a very small leak at the top of the fuel fill pipe.

Thecircle on Figure 19 at the right shows
the location of the small leak. This leak
was problemic as to its effect on the
emission measurements because its
magnitude or presence seemed to depe
on the torque exerted on the fuel cap. T
tests on the EO fuels (9 and 7 psi) are
noted as 202R, but with a vapor leak.

We attempted to fix this leak, and repeat
the E10 test with the vehicle-rdentified

as 216 with reasonable results. We also
ran the E20 test sequence and declared |
vehicle done. o

Figure 191 Vehicle 202 FuekFill Pipe Leak

The testing history for this vehicle is shown in Tesb8 (Static), 9 (Dynamicand 10 (Diurnal).
The tests highlighted in yellow are those that exhibited a liquid or vapor leak as identified during
the static test leak validation.
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1996 Ford Taurus

Fuel
Veh psi/EtOH

Table 8

Static Permeation Results

SHED
Corrected Results
Permeation mg/day

202 10.0/E10

202 7.0/E10

202L 9.0/E0

202L 7.0/EO

202R 9.0/EQ

202R 7.0/EO

216 10.0/E10

216 7.0/E10

216 9.0/E20

Test Type Date Test# ma/hr Corrected
Static Perm 07/18/07 7018 34.5
Press. Incr. 0.0
Prs+Fuel Incr. 0.0
Static Perm 08/21/07 7031 22.3
Press. Incr. 0.0
Prs+Fuel Incr. 0.0
Static Perm 03/04/08 7169 229.2
Press. Incr. DNA
Prs+Fuel Incr. 492.1
Static Perm 03/20/08 7183 299.1
Press. Incr. DNA
Prs+Fuel Incr. 1989.6
Static Perm 05/08/08 7228 17.8
Press. Incr. 13.6
Prs+Fuel Incr. 0.0
Static Perm 05/22/08 7239 20.4
Press. Incr. 38.0
Prs+Fuel Incr. 0.0
Static Perm 08/14/08 7299 32.4
Press. Incr. 0.0
Prs+Fuel Incr. 0.0
Static Perm 09/17/08 7326 32.5
Press. Incr. 0.0
Prs+Fuel Incr. 0.0
Static Perm 10/30/08 7363 20.4
Press. Incr. 0.0
Prs+Fuel Incr. 0.0
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1996 Ford Taurus

Veh
202

202L

202L

202R

202R

216

216

216

Fuel

psi/EtOH Test

10.0/E10 Dynamic
9.0/E0 Dynamic
7.0/EO Dynamic
9.0/E0 Dynamic
7.0/EO Dynamic

10.0/E10 Dynamic
7.0/E10 Dynamic
9.0/E20 Dynamic

Table 9

Dynamic PermeatioResults

SHED

Corrected Results

Permeation mg/day

Type Date Test# mg/hr Corrected’
RL 07/20/07 25662 127.8
TEFVO 38.6
RL 03/05/08 25695 387.0
TEFVO 0.0
RL 03/24/08 25699 726.9
TEFVO 0.0
RL 05/09/08 25704 109.1
TEFVO 5.0
RL 05/23/08 25706 78.7
TEFVO 0.0
RL 08/15/08 25718 174.2
TEFVO 1.4
RL 09/18/08 25721 168.3
TEFVO 42.3
RL 11/07/08 25730 54.3
TEFVO 0.0
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0.00

From
Static
Test
No Leak

Liquid Leak

Liquid Leak

Vapor Leak

Vapor Leak

No Leak

No Leak

No Leak



Table 10

Diurnal Permeation Results

1996 Ford Taurus SHED
Corrected Results Canister From
Fuel Permeation mg/day Loss Static
Veh psi/EtOH Test Type Date Test# mg/hr [Corrected q Test
202 10.0/E10 72 DHB 65-105 07/31/07 7023
Day 1 1042.9 6.12 No Leak
Day 2 706.9 32.64
Day 3 704.3 38.69
202 7.0/E10 72 DHB 65-105 08/28/07 7034
Day 1 627.8 0.00 No Leak
Day 2 506.5 0.00
Day 3 453.5 0.00
202L 9.0/EO 72 DHB 65-105 03/11/08 7173
Day 1 2258.9 0.00 Liquid Leak
Day 2 3231.0 0.00
Day 3 2306.9 12.60
202L 7.0/EO 72 DHB 65-105 04/01/08 7196
Day 1 4742.5 0.00 Liquid Leak
Day 2 4451.7 0.00
Day 3 3179.8 0.00
202R 9.0/EO 72 DHB 65-105 05/13/08 7230
Day 1 327.0 0.00 Vapor Leak
Day 2 266.7 0.00
Day 3 274.6 10.83
202R 7.0/EO 72 DHB 65-105 05/28/08 7243
Day 1 211.7 0.00 Vapor Leak
Day 2 220.8 0.00
Day 3 208.1 0.00
216 10.0/E10 72 DHB 65-105 08/20/08 7305
Day 1 2590.7 57.77 No Leak
Day 2 3477.9 62.99
Day 3 3601.4 63.43
216 7.0/E10 72 DHB 65-105 09/23/08 7331
Day 1 397.5 0.22 No Leak
Day 2 355.0 0.06
Day 3 362.1 0.37
216 9.0/E20 72 DHB 65-105 11/11/08 7373
Day 1 468.5 0.00 No Leak
Day 2 452.6 0.00
Day 3 419.8 0.00
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The Implanted Leak Test Results

ProjectE-77-2 included evaluating two vehicles with implanted leaks. This interest followed the
information gathered in the Pilot Study where tests were run withcaafipenodified fuel cap
containing a 0.020 dia. hol e. The resul ts
repeated in Table 11 below as the diurnal results are shown for £h89fbletCavalier; first
without the implanted leak at 0.38 granes day, and then at 20.7 grams per day (a 54x
increase) with the leak.

Table 11

Implanted Leak Impact on Diurnal Permeation
Day One Results : 65° - 105°F Diurnal
Evap Results gms
Veh. No. Vehicle Description Tech Fuel gms/day Increase

6 1996 Chewrolet Cavalier Enhanced 7 psi EO 0.38

7* 20.70 20.32
207 2001 Dodge Caravan Enhanced 7 psi E10 1.09
207L* " " " 2.13 1.04

211 2004 Toyota Camry LE Near Zero 7 psi E10 0.24
211L* " " " 0.68 0.44

* - Implanted .020" leak in fuel cap

The two E77-2 vehicles (207 & 211) were given a limited evaluation with an induced leak and
saw a significantly leser impact. Vehicle 207 gadeurnal results increasérom 1.09 to 2.13

grams per day (a 2x increase), and Vehicle 211 increased from 0.24 grams per day to 0.68 grams

per day (a 2.8x increase). The following Figure 20 displays the imbedded leak impact from Table

11.
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Implanted Leak Impacton One Day Diurnal Permeation
.020" Leak in Fuel Cap - 65 to 105 F Diurnal

20

I As Received - No Leak
I 020" Fuel Cap Leak

= =
o o

One Day Diurnal Permeation - gms/day

(5]

6 7 207 207L 211 211L

Vehicle Number

Figure 20i Implanted Leak Impact

The newer vehicles evaluated in this phase of the study were configured and certified to the
Onboard Refueling Vapor Regulations (ORVR). These are capable of containing 95% or more
control of the refueling vapors at up to 10 gallons per minute fuelieg\\#ttere th&hevrolet
Cavalier had a smal/l (0.0550 dia.) orifice
the carbon canister (and then to the atmosphere), the ORVR compliant vehicles have a large

( 0. dam3,8hort vent hose to a low florestriction carbon canister.

The followingbar charts (Figures 21 through Z#ow the impastof the leak on all phases of
the evaporative testing performexhd comparéhose results with all fuels testewith only two
vehicles (207 and 211) evaluated on two fuels, statistically significant effects cannot be
guantified, but the trend of increased emissions is apparent.
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0.020" dia. Induced Leak Effect
Static Permeation
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Figure 21i Vehicles 207 and 211 with Induced LeaRtatic
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Figure 22i Vehicles 207 and 211with Induced LeaRunning Loss
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0.020" dia. Induced Leak Effect

True Hot Soak Permeation
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Figure 23/ Vehicles 207 and 211 with Induced Léakrue Hot Soak
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Day 1 Diurnal Permeation
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Figure 24i Vehicles 207 and 211 with Induced LeaRiurnal
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Summary of Findings and Results

The E77-2 test program was a continuation of the previously publishéd test project, and
addedeightvehicles tested ofive fuels to the knowledge base. The permeation trends
previously shown were againgsent. The small sample size and limited number of tests
preclude making statements about statistical validity, but in general:

The newer vehicle groups had lower emissions

Adding ethanol to the fuel increased permeation over theorpgenated levels.
Increased volatility increased permeation levels

SHED emission rates must be corrected for the ethanol ertioe iFID, and the
non-fuel methanol and refrigerant in the measurement

o O 0O

As this test program evolved and additional experieveesgathered, twgrogram modifications
were made: )1 The leak validation methodology was changed, graid&ferent metric and
definition of the AHot Soako was adopted.

The leak validation portion of the static permeation test was found to be very sensitive, and when
the data was corrected on a minbteminute basis for ethanol, methanol, and refrigerant, the
change in apparent permeation rate diasas much to variatioas to leaks. See the discussion
starting at pagé?2 for the details of the development.

Concern for and recognitondfHot Soako emi ssions started in t
regulations. Carburetors had float bowls with ~ 50 ml of fuelababrbed the latent engine heat

after the vehicle was shut down after operation. The heat would cause the bowl temperature to
increase, driving fuel vapors out through vents and leak paths to the atmosphere after vehicle
operati on. T oemgingsads nof have the opean posvis, tand tha emission rates

following vehicle operation are mainly increased temperature permeation. We recommended

and adopted a new name for the fitemporary emi
which subtractshte basic permeation rate from the measured emissions. See the discussion

starting at page 16 for details.
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Table 12

CRC E-77-2 Fuel Inspection Results

Data from CRC E-74
EO E10 E20
Inspection Units Fuel 6 Fuel 7 Fuel 4
API Gravity °API 60.2 58.5 57.0
Relative Density 60/60°F [ 0.7382 0.7447 0.7508
DVPE psi 7.01 7.30 8.49
Oxygenates--D4815
MTBE| wol % 0.00 0.00 0.00
ETBE| wol % 0.00 0.00 0.00
EtOH| wol % 0.00 9.54 20.34
02| wt% 0.00 3.53 7.47
Hydrocarbon Composition
Aromatics vol % 22.1 24.4 10.8
Olefins vol % 8.0 8.8 5.5
Saturates vol % 70.0 57.3 23.4
D86 Distillation
IBP °F 97.4 104.0 102.2
5% Evaporated °F 131.6 128.0 125.2
10% Evaporated °F 142.3 133.0 131.4
20% Evaporated °F 156.4 141.0 141.3
30% Evaporated °F 170.4 145.0 148.6
40% Evaporated °F 184.0 153.0 154.7
50% Evaporated °F 197.5 195.0 159.6
60% Evaporated °F 212.0 219.0 163.6
70% Evaporated °F 230.5 241.0 227.4
80% Evaporated °F 258.8 271.0 269.5
90% Evaporated °F 313.9 317.0 313.9
95% Evaporated °F 332.2 330.0 325.5
EP °F 360.3 360.0 340.6
Recowery| wol % 97.8 97.8 98.3
Residue| wol % 1.3 1.0 1.0
Loss| wol % 0.9 1.2 0.7
Driveability Index 1119.9 1101.5 989.8
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Table 12 (cont.)

Suppliers Additional Inspections

Fuel Units Fuel 6 Fuel 7 Fuel 4
Sulfur Content ppm 29 27 27
Estimated C/H Ratio 6.2090 6.3323 6.3252
Est. Net Heat of Combustion btu/lb 18573 18514 18513
Benzene wvol % 0.90 1.00 0.96
Research Octane Number 93.2 94.0 94.6
Motor Octane Number 83.8 83.8 83.4
(R+M)/2 88.5 88.9 89.0
Detailed Hydrocarbon Analysis
Fuel Units Fuel 6 Fuel 7 Fuel 4
Aromatics wvol % 23.86 24.81 21.78
Olefins wvol % 7.52 8.92 10.74
Saturates wvol % 67.43 56.21 46.23
Unclassified wvol % 1.15 0.86 0.15
Ethanol wol % 0.00 9.20 21.11
Benzene wvol % 0.89 1.06 0.97
C/H Ratio 6.200 6.092 5.835
Oxygen wt. % | 0.0081 3.40 7.73
Net Heat of Combustion btu/lb 18,703 18,016 17,160
! Contains 0.04 vol % MTBE
Carbon, Hydrogen, and Oxygen
Fuel Units Fuel 6 Fuel 7 Fuel 4
Oxygen wt. % 0.008 3.396 7.733
C+H wt. % 99.99 96.60 92.27
H wt. % 13.89 13.62 13.50
C wt. % 86.10 82.98 78.77
Net Heat of Combusion -- Btu/lb
Fuel Units 6 7 4
Haltermann D3338 Btu/lb 18,573 18,514 18,513
Average D3338 Btu/lb 18,579 18,514 18,491
Oxygen Corrected D3338 Btu/lb 18,579 17,860 17,103
DHA Btu/lb 18,703 18,016 17,160
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Table 13

CRC E-77-2 Program Test Results

Diurnal (65° to 105°) - mg/day

Vehicle Static Permeation - mg/hr__[Dynamic Perm. - mg/hr Day 1 Day 2 Day 3
No. Fuel Base | + Press | + Pump RL | "True" HS | Perm (Brkthru)|Perm (Brkthru)| Perm (Brkthru)
202 E10 -10psi 345 127.8 50.3 1042.9 (6.3) 706.9 (34.8) 704.3 (42.5)
1996 E10 - 7 psi 22.3 99.4 11.3 627.8 (0.0) 506.5 (0.0) 453.5 (0.0)

Taurus
202L EO - 9 psi 222.9 492.1 387.0 0.0 2258.0 (0.0) 3231.0 (0.0) 2306.9 (12.6)

EO - 7 psi 299.1 1989.6 726.9 0.0 4742.5 (0.0) 4451.7 (0.0) 3179.8 (0.0
o0q E10 -10psi 843 316.4 0.4 1547.9 (31.0)  1779.9 (38.3)  1771.1 (41.9)
1999 E10 - 7 psi 66.4 287.9 29.7 1260.1 (0.0) 1165.2 (0.0) 1165.3 (0.0)
Honda EO - 9 psi 33.8 249.2 44.3 628.3 (2.4) 581.0 (13.6) 577.0 (22.5)
Accord EO - 7 psi 12.9 222.6 18.7 367.2 (0.0) 287.7 (0.0) 293.6 (0.0)
E20 - 9 psi 55.3 272.0 13.4 1103.4 (0.0) 958.1 (0.0) 981.2 (0.0
205 E10 -10psi 416 191.6 29.5 1794.1 (20.4)  1730.9 (34.6)  1741.7 (37.5)
2001 E10 - 7 psi 59.6 232.8 71.9 1783.4 (0.0) 1715.0 (0.0) 1523.9 (0.0)
Toyota EO0-9 psi 19.5 103.1 1.0 499.5 (0.0) 481.0 (0.0) 507.2 (2.6)
Corolla EO - 7 psi 9.9 67.1 0.0 383.0 (0.0) 365.4 (0.0) 367.0 (0.0)
E20 - 9 psi 46.2 169.7 60.3 1775.2 (0.0) 1690.0 (0.0) 1680.2 (0.0)
207 E10 -10psi  78.7 858.1 237.7 1406.4 (0.0) 1264.4 (0.0) 1223.7 (0.0)
2001 E10 - 7 psi 64.4 812.2 122.2 1086.5 (0.0) 812.0 (0.0) 823.6 (0.0)
Dodge EO - 9 psi 325 833.9 5.8 406.4 (0.0) 337.3(0.0) 308.0 (0.0)
Caravan EO - 7 psi 40.1 842.5 0.0 397.5 (0.0) 302.6 (0.0) 268.9 (0.0)
E20 - 9 psi 88.2 1028.2 0.0 1548.0 (0.0) 1370.2 (0.0) 1360.5 (0.0)
207L E10 - 10 psi 97.6 -— 120.9 1001.2 392.9 1644.9 (0.0) NA NA
E10 - 7 psi 146.8 1139.3 585.0 2134.2 (0.0) NA NA
211 E10 - 10 psi 19.9 138.3 0.0 337.0 (0.0) 226.8 (19.1) 217.9 (33.0)
2004 E10 - 7 psi 9.4 26.6 56.3 13.8 243.8 (0.0) 183.8 (0.0) 184.3 (0.0)
Toyota  EO -9 psi 10.1 83.7 15.3 130.3 (0.0) 115.8 (12.9) 100.6 (22.1)
Camry EO - 7 psi 9.1 104.6 0.7 207.1 (0.0) 100.2 (0.0) 87.4 (0.0)
XLE E20 - 9 psi 55.8 410.6 0.0 284.0 (0.0 221.8 (0.0) 203.4 (0.0
211L E10 -10psi 55.1 82.1 302.4 245.0 2545.4 (0.40) NA NA
E10 - 7 psi 48.1 166.4 251.1 6.2 678.3 (0.0) NA NA
212 E10 - 10 psi 10.6 148.9 0.0 124.3 (0.0) 87.9 (0.0) 102.8 (20.0)
2006 E10 - 7 psi 21.8 201.2 0.0 184.8 (0.0) 100.2 (0.0) 75.8 (0.0)
Ford EO - 9 psi 3.2 115.8 0.4 100.5 (0.0) 70.8 (0.0) 57.4 (0.0)
Taurus EO - 7 psi 0.9 184.5 1.8 101.6 (0.0) 71.2 (0.0) 57.0 (0.0)
E20 - 9 psi 4.7 116.8 4.9 131.0 (0.0) 83.3 (0.0) 75.0 (0.0)
214 E10 -10psi 244 133.1 57.4 492.0 (0.0) 839.4 (0.0) 11373.8 (4.9)
2004 E10 - 7 psi 23.9 105.7 32.9 524.2 (0.0) 397.4 (0.0) 394.4 (0.0)
Ford EO - 9 psi 10.7 96.7 52.1 455.9 (0.0) 358.5 (0.0) 1101.7 (0.0)
Escape EO - 7 psi 25.2 36.3 3.3 494.3 (0.0) 319.0 (0.0) 281.5 (0.0)
E20 - 9 psi 16.8 139.4 56.0 470.9 (0.0 440.0 (0.0 751.8 (0.0)
215 E10 - 10 psi 10.4 9.0 71.9 1.6 319.2 (0.0) 260.2 (0.0) 237.0 (0.0)
2004 E10 - 7 psi 12.2 97.9 0.0 224.7 (0.0) 231.7 (0.0) 267.5 (0.0)
Toyota  EO -9 psi 8.5 81.1 25.1 202.1 (0.0) 165.9 (.2) 176.3 (7.2)
High- EO - 7 psi 8.7 79.7 225 248.3 (0.0) 294.1 (0.0) 288.8 (0.0)
lander  E20 -9 psi 19.3 102.5 0.0 416.8 (0.0 414.8 (0.0 450.6 (0.0
E10 -10psi 324 174.2 11.8 2590.7 (57.8)  3477.9 (63.0)  3601.4 (64.3)
E10 - 7 psi 325 168.3 19.2 397.5 (0.2) 355.0 (0.1) 362.1 (0.4)
216 EO - 9 psi 17.8 13.6 109.1 254 327.0 (0.0) 266.7 (0.0) 274.6 (10.8)
EO - 7 psi 20.4 38.0 78.7 0.0 211.7 (0.0) 220.8 (0.0) 208.1 (0.0)
E20 - 9 psi 20.4 54.3 7.4 468.5 (0.0 452.6 (0.0 419.8 (0.0
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Cumulative Permeation - mg.

Cumulative Permeation - mg.

Individual Vehicle Diurnal Performance on the Various Fuels

Three Day Diurnal
Vehicle 204 1999 HondaAccord
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Figure 25 Vehicle 204 Diurnal Performance
Three Day Diurnal
Vehicle 205 - 2001 Toyota Corolla
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Figure 261 Vehicle 205 Diurnal Performance
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Cumulative Corrected Permeation - mg.

Cumulative Permeation - mg.
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Figure 271 Vehicle 207 DiurnaPerformance

Three Day Diurnal
Vehicle 211 - 2004 Toyota Camry XLE
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Figure 28 Vehicle 211 Diurnal Performance
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Three Day Diurnal
Vehicle 212 - 2006 Ford Taurus
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Figure 291 Vehicle 212 Diurnal Performance
Three Day Diurnal
Vehicle 214 2004 Ford Escape
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Figure 30i Vehicle 214 Diurnal Performance

Note: The incomplete cumulative results for the 10 psi E10 results resulted froniliat for the use

of the | NNOVA analyzer during the test. The
ethanol error, and the presence of methanol and refrigerdi84&. The data was available for the
50+ hour results, and the data adig as shown. We have no explanation for the high levels
experienced on the third day of the test. No test errors were identified.
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Cumulative Permeation - mg.

Three Day Diurnal
Vehicle 215 2004 Toyota Highlander
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Figure 31i Vehicle 215 Diurnal Performance
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CRC E77-2 Program Diurnal Results
All values are in mg

Test
Vehicle Fuel

204 10 psi E10
1999 Honda 7 psi E10
Accord 9 psi EO
7 psi EO
9 psi E20

205 10 psi E10
2001 Toyota 7 psi E10
Corolla 9 psi EO
7 psi EO
9 psi E20

207 10 psi E10
2001 Dodge 7 psi E10
Caravan 9 psi EO
7 psi EO
9 psi E20

211 10 psi E10
2004 Toyota 7 psi E10
Camry LE 9 psi EO
7 psi EO

9 psi E20

212 10 psi E10
2006 Ford 7 psi E10
Taurus 9 psi EO
7 psi EO

9 psi E20

214 10 psi E10
2004 Ford 7 psi E10
Escape 9 psi EO
7 psi EO

9 psi E20

215 10 psi E10
2004 Toyota 7 psi E10
Highlander 9 psi EO
7 psi EO

9 psi E20

Table 14

5098.99
3590.57
1786.35
948.46
3042.71

5266.59
5022.29
1487.75
1115.36
5145.40

3894.50
2722.01
1051.67
969.06

4278.82

781.64
611.90
346.68
394.68
710.13

315.08
360.79
228.70
229.73
289.35

12578.87
1315.93
1916.11
1094.81
1662.71

816.44
723.99
544.31
831.15
1282.23

45

EtOH

1440.40
1308.06
138.43
18.56
1284.08

1865.99
2042.46
0.00
54.89
2127.08

1962.48
1140.27
18.20
11.18
2414.88

197.33
202.11
16.81
0.00
267.26

72.22
101.32

24.09

0.00
111.56

0.00
245.71
29.40
53.86
240.97

121.78
150.92
0.00
0.00
388.22

3 Day Diurnal Results
Corrected
Total Fuel

R134a

182.98
175.51
182.30
166.31
182.61

233.54
259.90
204.34
224.08
256.77

120.13
117.31
122.24
221.41
142.68

151.59
159.29
143.29
161.97
162.13

148.31
154.81
151.82
153.93
141.16

199.47
160.25
164.87
806.50
144.91

146.58
155.32
148.06
140.72
128.41

Methanol

167.54

152.21
98.96
23.79

121.43

208.95
191.98
46.13
56.19
195.84

303.99
196.16
152.84
142.76
254.32

469.70
465.25
426.59
573.03
368.79

78.96
34.00
37.61
43.62
26.29

279.92
88.79
72.13
31.06
60.96

426.09
360.61
258.22
262.55
344.20



Corrected Daily Diurnal - mg

Corrected Daily Diurnal - mg
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Diurnal Ethanol Portion
Vehicle 204 - 1999 HondaAccord
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Figure 321 Vehicle 204 Diurnal Ethanol Portion
Diurnal Ethanol Portion
Vehicle 205-2001 Toyota Corolla
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Figure 33i Vehicle 205 Diurnal Ethanol Portion

46




-mg

Corrected Daily Diurnal
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Figure 34i Vehicle 207 Diurnal Ethanol Portion

Figure 35 Vehicle 211 Diurnal Ethanol Portion
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