R466







DCN 93-674-062-01
RCN 674-062-04-00

REPORT OF THE DIESEL FUEL TASK FORCE

Prepared for:

The Honorable Pete Wilson
Governor of California

Prepared .by:

The Diesel Fuel Task Force

February 18, 1994

The mention of commercial products, their source or their use in connection with
material reported herein is not to be construed as actual or implied endorsemen
by the State of such products.






Members of the Diesel Fuel Task Force

American Lung Association of California

American Petroleum Institute

AMOCO
Association of Diesel Specialists

Atlantic Richfield Company

California Air Resources Board

California Bureau of Automotive Repair

California County Superintendents Education Service
Association

California Department of Food and Agriculture

California Energy Commission

California Environmental Protection Agency

California Farm Bureau Federation

California Independent Oil Marketers Association

California Public Utilities Commission
California State Automobile Association

California State University Fresno

_ Diesel Fuel Task Force i

Gladys Meade

Doug Morris
Jim Williams

Chris McCarthy
David Fehling

Michael Payne
Jack Segal
Dave Smith

Jacqueline Schafer
Paul Jacobs

Bill Loscutoff
Mike Poore

Dean Simeroth

James Schoning

Dale Holmes
Elliot Duchon

~A.J. Yates

Steven Shaffer
Charles Imbrecht

James Strock, Chair
Bob Borzelleri

Merlin Fagan

Nick Bokides

Evelyn Parker Gibson

Daniel Fessler
Amo Amerson

Ken Solomon
David Zoldoske



Members of the Diesel Fuel Task Force (Continued)

California Trucking Association

Caterpillar, Inc.

Chevron

Coast Fuel Injection
Cummins Engine Company
Detroit Diesel

Diamond Diesel Service

DOE Energy Technology Engineering Center
DuPont Petroleum Laboratory

Engine Manufacturers Association

Exxon Products Research Division

Lubrizol
Navistar -

Nisei Farmers League
Natural Resources Defense Council

Parker Hannifin Corporation

Diesel Fuel Task Force 111

Karen Rasmussen
Richard Smith
Mike Thomas

Don Dowdall
Ron Palmer

- Randy Barber

Al Jessel
Manuch Nikanjam

Rick Bumgardner
Steve Butler
Patrick Butters

Margaret Halford
Terry Moore

Pat Green
Ed Squire

Glen Keller
Jed Mandel

Bernie Kraus

Glenn Blythe
Fred Ruhland

Frank Bondarowcz
Warren Slodowske

Manuel Cunha
Janet Hathaway

Robert Barbarin



Members of the Diesel Fuel Task Force (Continued)

Radian Corporation

Sandia National Laboratories

Stanadyne Automotive Corporation

Texaco

UNOCAL

U.S. Army/Southwest Research Institute

U.S. Environmental Protection Agency

Western States Petroleum Association

Diesel Fuel Task Force

iv

Tim DeFries
Ned Dickson
Wyatt Dietrich
Russ Henning
Laura Markovich
Bill Oliver
Venus Sadeghi
Melinda Thiessen
Mike Thompson

Bill Wilson
Paul Henderson
Roger Leisenring

Denny Lamb
Ross Iwamoto

Paul Lacey

Paul Machiele
Sylvia Durgré

Gina Grey






TABLE OF CONTENTS

Page
1.0 INTRODUCTION AND EXECUTIVE SUMMARY e e e 1-1
1.1 Summary of Task Force Activities . . .. ... .................. 1-4
1.1.1 Subcommittee #1 Activities . . .. .. .. ... ..ot 1-4
1.1.2 Subcommittee #2 Activities . . . . ... .. ... ... ... ... ... 1-6
1.1.3 Subcommittee #3 Activities . . . . ... ... ... .. L. 1-8
1.2 Conclusions and Recommendations . . . .. ................... 1-8
2.0 PROBLEM IDENTIFICATION . . . . .. ... it 2-1
2.1 ConcluSions . . . . . i v it i e e e e 2-1
2.2  Nature and Extent of Mechanical and Performance Problems . . . . . .. .. 2-4
2.2.1 Types of Mechanical Problems Reported by
Diesel Vehicle Owners . . ... .. ... ... .. ... ..... 2-5
2.2.2 Types of Passenger Car and HDD Vehicles That
Have Experienced Mechanical Problems . . . ... ... ... . ... .. 2-8
2.2.3 Prevalence of Reported Problems Among the
: LDD and HDD Populations . ... ................... 2-10
2.2.4 Trends Seen in Affected/Unaffected Vehicles . ... ... .. .. .. 2-15
2.2.5 Agricultural Questionnaire ... ........... ... ... ... 2-22
2.3 Geographic Distribution of Reported Problems . .. ............. 2-26
2.3.1 Geographic Distribution of Problems Within
California ... ..... ... .. 2-26
2.3.2 National Extent of Problems . ...................... 2-29
2.4  Temporal Nature of Reported Problems . . . . .............. ... 2-33
2.4.1 National Trucking Fleet . ... ... ... ... ... .. ...... 2-34
2.4.2 California Parts Supplier . ............... U, 2-34
2.4.3 National Component Manufacturer . .. ................ 2-36
2.4.4 National Engine Manufacturer . ... .................. 2-36
2.4.5 Northern California Repair Shop . . . ........... ... ... 2-37
2.4.6 Additional Sales Data .. ............ .. ......... .. 2-37
2.4.7 Data Limitations . . . .. ... . . ... 2-38
2.5  Fuel Formulation and Relationship to Reported Problems . . ... ... .. 2-39
2.5.1 Correlations with Mechanical Problems .. ... ........... 2-30
2.5.2 Connection with Geographic Distribution of
Failures . . . . . v vt o e e e e e e 241
2.5.3 Connection with Temporal Distribution of :
Fallures . . . . . . i i e 2-4]

Diesel Fuel Task Force v



3.0

4.0

TABLE OF CONTENTS (Continued)

Page
FUEL SYSTEM LEAKAGE TESTING PROGRAMS . . .............. . 3-1
3.1  Elements of Fuel System Leakage Testing Programs . ............. 3-2
3.1.1 Program #1: Seal Swell Testing of O-Rings . ............. 3-2
3.1.2 Program #2: Leak Testing of In-Service Fuel
Pumps . ... ... 33
3.1.3 Program #3: Fuel Oxidation Potential Testing . ... ......... 3-4
3.2 Status of the Testing Programs . . ... ............... ... . ... 3-5
3.3  Subcommittee #2 Proposed Recommendations on the Fuel
System Leakage Problem . . . .. . ... ... ... ... .. . ... . ... .. 3-6
LUBRICITY AND OTHER PERFORMANCE CONCERNS . . ... ... .. ... 4-1
4.1  Ongoing Lubricity-Related Activities . .. .......... ... ... ... . 4-2
4.2  Fuel Economy Issues .. .................... ... .. ... .. 4-3
4.3 Conclusions and Recommendations . ... ............... .. .. . 4-4
APPENDIX A: ESTIMATED PRODUCTION OF ON-ROAD MOTOR
VEHICLE DIESEL FUEL BY TYPE -
APPENDIX B:. LIST OF REFERENCES — DIESEL FUEL TASK FORCE
APPENDIX C: SPREADSHEET LISTING OF PEOPLE AND
ORGANIZATIONS CONTACTED BY SUBCOMMITTEE #1
APPENDIX D: TESTING PROTOCOLS AND POTENTIAL MECHANISMS
FOR O-RING LEAKAGE
APPENDIX E: AGRICULTURAL SURVEY REPORT
APPENDIX F: TECHNICAL MEMORANDUM FROM SUBCOMMITTEE #1

APPENDIX G: MINORITY VIEWS

American Petroleum Institute
California Trucking Association ‘
California Independent Oil Marketers Association

Diesel Fuel Task Force vi



2-1

2-2

2-9

2-10

LIST OF FIGURES

Page
CTA Diesel Fuel Failure Reports (Diesel Passenger Cars) . ............. 2-16
ARB Diesel Fuel Failure Reports (Diesel Passenger Cars) . . ............ 2-16
ARB Diesel Fuel Failure Reports (Heavy Duty Diesel Trucks) . .......... 2-17
CTA Diesel Fuel Failure Reports (Heavy Duty Diesel Trucks) . .......... 2-17
Diesel Fuel Samples - Total Aromatic Content for Retail and Vehicle Samples
— Late October and November 1993 . . . . . .. ... ... . ... .. .. ... ... 2-29
Diesel Fuel Samples - Total Aromatic Content for Refinery Samples — Late
October and Early November 1993 (Average Values Weighted by Refinery
Production Capacities) . . ... .......... ... .. ... ... 2-30
Fuel Pump Leaks Reported Nationwide by a National Trucking Fleet (Oct 14,
1993 -Jan 30, 1994) . . . . . . 2-31
Sales of Nitrile O-Rings by Passenger Car Manufacturer E9 (November 1992 -
October 1993) . . . . . .. 2-32
Pump Kit Sales by U.S. Region - Component Manufacturer C1 . .. ... .. .. 2-32
Fuel Pump Leaks Reported - National Trucking Fleet e 2-34
Popular Pump Seal and Rebuild Kit Sales - California Paris Supplier . . ... .. 2-35
Monthly Pump Kit Sales for 1993 - National Component Manufacturer C1 . . . . 2-36
Monthly O-Ring — Sales National Engine Manufacturer . . ... .......... 2-37
Northern California Repair Company Sales History (3 branches) . ....... .. 2-38
Diesel Fuel Aromatic Content (Average Values Weighted by Refinery Production
ESmates) . . . ... .. .. 2-43

Diesel Fuel Task Force vii



Table 2-1

Table 2-2

Table 2-3
Table 2-4
Table 2-5

Table 2-6

Table 2-7

LIST OF TABLES.

Page
CTA Diesel Fuel Failure Report (by Engine Make) . ............. 29
ARB Fleet I.nspection Summary (Failures Noted By Engine
TYPe) . o e e 2-9
ARB Light Duty Diesel Mail Survey — Leaks . . ... ............ 2-11
ARB Light Duty Diesel Mail Survey — Performance Problems .. .. .. 2-11
CIT Agricultural Questionnaire Results . . .. .. ... ... ......... 2-24
Geographic Distribution of Reported Fuel-Related Problems in
California . ...................... e 2-27
Total Aromatic Content (Volume %) for Retail and Vehicle
Samples . . . .. e 2-29

Diesel Fuel Task Force Vlll



1.0 INTRODUCTION AND EXECUTIVE SUMMARY

On October 1, 1993, new diesel fuels were mandated for use throughout

California in both on-road and off-road applications. The new California diesel fuels were

designed to reduce emissions of nitrogen oxides and particulate matter from diesel-powered

equipment. Also on October 1, 1993, the United States Environmental Protection Agency (U.S.

EPA) required the use of a low sulfur diesel fuel for on-road applications throughout the

remainder of the U.S.

Since the October 1, 1993 deadline, a number of fuels of varying characteristics

have been present in the California market. The following definitions will be used in this report

when referring to various fuels:

Diesel Fuel Task Force

High sulfur diesel fuel. This pre-regulation fuel was available for sale in
California prior to the October 1, 1993 regulation. A large majority of
these fuels typically have sulfur levels of approximately 0.30 percent by
weight (wt%) and typical aromatics levels of 30%, with most fuels in the
range of 20-40% aromatics. In October 1993, an emergency exemption
was granted allowing the sale of high sulfur diesel fuel for off-road use in
California for 45 days and its transfer into off-road vehicles for 120 days.

Pre-regulation South Coast diesel fuel. As early as 1985, diesel fuel with
a maximum limit of 0.05 wt% sulfur was sold in the greater Los Angeles
area. This fuel was very similar in sulfur and aromatics levels to the
current U.S. EPA low sulfur fuel.

U.S. EPA low sulfur diesel fuel. This fuel was mandated for use in on-
highway vehicles on October 1, 1993. The fuel must meet a maximum
0.05 wt% limit for sulfur content, and a minimum 40 cetane index or
maximum 35% aromatics by volume (vol%). This fuel has the same
characteristics as the "temporary California low sulfur” fuel defined
below. However, the term "U.S. EPA fuel” will be used in the report
when referring to on-road diesel fuel used outside of California.

Low sulfur/reduced aromatics diesel fuel. These fuels are mandated by
the October 1, 1993 Air Resources Board (ARB) regulation and fall mto

-one of three classes, depending on aromatics content (as measured n

volume % [vol%]). All three classes limit maximum sulfur levels to 0 05
wt%. The three classes are:

I-1



— - Less than 10 vol% aromatics fuel. Note that aromatics levels can
be averaged within a refinery’s production. Therefore, some fuels
in this class may exceed 10 vol% aromatics, while others may be
well below 10 vol% aromatics.

— Alternative formulations that have been shown through testing to
produce emissions equivalent to a 10 vol% aromatics fuel. Cur-
rently, aromatic levels of this class typically range from 15 vol%
to mid-twenty percent.

— Small and independent refiner exempt fuel. These fuels must meet
a 20 vol% aromatics limit. As with the less than 10 vol%
aromatics fuels, this 20 vol% aromatics limit can be achieved by
averaging of production.

. Temporary California low sulfur diesel fuel. To ensure adequate fuel
supplies during the transition to the post-regulation diesel fuel, some
temporary variances were granted by ARB for refineries to produce and
distribute fuel meeting U.S. EPA low sulfur diesel fuel specifications for
on-highway diesel fuels. In addition, small refiners were allowed one-
year exemptions from the requirement to produce 20 vol% aromatics fuel.
However, these fuels from small refiners must still meet U.S. EPA low
sulfur diesel fuel specifications, including the 0.05 wt% sulfur limit. The
aromatics level is not subject to the 10 vol% limit and typically ranges
from 25 vol% to 35 vol%.

The fuels present in the on-road California diesel fuel market since October 1, 1993, have
included low sulfur/reduced aromatics diesel fuel and temporary California low sulfur diesel
fuel. Together these will be referred to as post-regulation diesel fuels in the remainder of this
report. Since October 1, 1993, the rest of the diesel fuel market has included the post-regulation
fuels, with some quantities of high sulfur fuel as well. Estimates of the relative distributions of

low sulfur/reduced aromatics and temporary California diesel fuels are provided in Appendix A.

The introduction of the post-regulation diesel fuels in California was accompanied
by significant price increases, reports of supply shortages, and reports of mechanical problems.
The Govemnor created a Diesel Fuel Advisory Committee, which reported on these issues on
November 15, 1993. The principal conclusions of the Committee were that market forces would

resolve the price and supply issues. However, the Committee had insufficient technical informa-
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tion to report on the mechanical problems being reported, and advised the formation of an inde-
pendent group to assess the extent of the mechanical problems and whether they may be attribu-

table to the post-regulation diesel fuels and/or U.S. EPA low sulfur diesel fuel.

The Governor directed that the Diesel Fuel Task Force be created to investigate
the mechanical problems that have been reported coincident with the introduction of post-
regulation diesel fuels. In his charge to the Task Force on November 19, 1993, the Governor

stated that:

...The Secretary of the California Environmental Protection
Agency will convene a Task Force composed of private and public
members to design immediately a test protocol for both CARB and
federal EPA fuels, and implement a government funded, indepen-
dently administered test of these fuels to be completed within 90
days.

...The Task Force protocol shall test four issues:

. Whether mechanical damage is resulting from the introduc-
tion of a different fuel into diesel engines;

° Whether mechanical damage is resulting from new, low
sulfur levels contained in the clean fuel formulation;

o Whether mechanical damage is resulting from new, low
aromatic content in clean fuel formulations, and whether
some minimum aromatic content standard should be
adopted; and

o Whether mechanical damage is resulting from some
combination of the above factors.

This report is the product of the Governor’s Diesel Fuel Task Force.

Diesei Fuel Task Force . 1'3



1.1 Summary of Task Force Activities

The initial meeting of the Task Force occurred on December 14, 1993. To
address the questions in the Governor’s letter, the Task Force formed three open-membership
subcommittees: Subcommittee #1 focused on problem identification, Subcommittee #2 focused
on fuel and component testing, and Subcommittee #3 studied lubricity and other diesel engine
performance issues. The activities of each of these subcommittees are summarized below and
described in detail in Sections 2.0, 3.0, and 4.0 of this report. References are provided in
Appendix B. Fuel, engine, and component manufacturers and suppliers are identified in this

report only by code (such as E1 for engine manufacturer 1 and C1 for component manufacturer

1).
1.1.1 Subcommittee #1 Activities

At the initial December 21, 1993 meeting of Subcommittee #1, six key questions

were identified to guide investigation into the problem:

. What are the specific mechanical and performance problems being
reported?
. What is the extent of the mechanical problems (i.e., which service

categories/vehicles/components are being affected)?

o Which service categories/vehicles/engines/components are not being
affected?

. What is the geographical nature of the reported problems?

i What 1s the temporal nature of the reported problems (i.e., how has the

incidence of fuel system problems corresponded to the introduction of the
new fuels)?

. Are there any apparent correlations between fuel formulation differences
in samples and the reported mechanical problems? In particular, is there
-any correlation with the geographic or temporal nature of the reported
problems? '
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In completing the problem identification effort, Subcommittee #1 gathered data and information,
much of which was fragmented and anecdotal, from a wide variety of sources. These sources

included:

° Passive surveys of reported failures of light and heavy duty diesel
equipment owners. These surveys were conducted by the California
Trucking Association (CTA), ARB, and the School Transportation

Coalition.
o An active survey of light duty diesel vehicle owners conducted by ARB.
* Surveys and interviews with diesel trucking fleets, including national and

California fleets. .
. A survey and interviews with California pump repair facilities.

* Questionnaires completed by agricultural equipment owners and truck
drivers at roadside inspection stations.

. Sales data of fuel system components supplied by engine manufacturers,
industry groups, and governmental agencies.

. Follow-up interviews with individual vehicle owners, fleet operators, and
repair facilities.

° Literature searches.
s Analysis of fuel samples collected from individual vehicles, retail stations,

and refineries.

To help guide Subcommittees #2 and #3 in their investigation into the causes of the reported
problems, Subcommittee #1 produced a Technical Memorandum with interim responses to these
questions on January 22, 1994. Based on the information in the Technical Memorandum,
Subcommittee #1 also recommended further investigation into a number of issues, including
collection of data regarding the potential impact of the post-regulation diesel fuels on agricultural
machinery. This included the collection of fuel samplés for analysis and a questionnaire
completed over the telephone by equipment owners to gather additional data. Subcommittee #1

also continued its investigation into the potential mechanisms of seal failures, including seal
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swell and fuel oxidation. Further examination of the available fuel analysis data and failure
reports was conducted to isolate elements contributing to the mechanical problems. Included in
Section 2.0 of this report are the updated findings from Subcommittee #1. Conclusions

developed by Subcommittee #1 are provided in Section 1.2.
1.1.2 Subcommittee #2 Activities

Subcommittee #2 met on January 5, 1994 to discuss the potential causes of the
seal leakage problems. In the absence of specific identified causes, Subcommittee #2 selected

at least one potential seal faillure mechanism for investigation.

This mechanism involves changes in the swelling of O-ring seals when exposed
to fuels of differing characteristics. Many O-ring designs, particularly O-rings made of nitrile
rubber, swell in the presence of diesel fuel. Considerable evidence shows that changes in fuel
characteristics can lead to reduced swelling of nitrile O-ring seals. This reduced swelling, or
shrinkage, of O-rings can lead to fuel leaks, particularly in O-rings that have reduced elasticity 4

due to age, oxidation, or exposure to high temperatures.

Following the January 5, 1_994 Subcommittee #2 meeting, another potential
mechanism worthy of investigation by this subcommittee was identified. This mechanism, which
has been addressed for several years by the petroleum industry, involves the potential for
increased oxidation of the fuel to lead to deterioration of nitrile O-rings. Oxidation of the fuel
forms peroxides, which can lead to hardening of nitrile O-rings. (Note that this potential
oxidation mechanism usually occurs over a period of months.) This increased oxidation potential
could arise from the fuel manufacturing process used to remove sulfur and aromatic species trom
diesel fuel. The manufacturing process is hydrotreating. Depending on its severity,
hydrotreating can remove natural inhibitors such as sulfur, nitrogen, and oxygen components
from the fuel. To compensate, supplemental additives may need to be added by the refiner to

increase the oxidation resistance of the fuel. If insufficient oxidation resistance is present in the
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fuel, the potential exists for deterioration of nitrile O-rings. Fuel manufacturers are aware of

this issue and many refineries have been adding oxidation inhibitors to diesel fuels.

To investigate these two mechanisms, three test programs were initiated by
Subcommittee #2. The first two programs are examining the mechanism of reduced seal swell.
The third program is examining existing fuel supplies to determine if some fuels are susceptible

to increased oxidation.

The first program will test a variety of older high sulfur, U.S. EPA low sulfur,
and post-regulation diesel fuels, and will examine their effects on O-ring seals. The second
program will attempt to establish if switching from a fuel producing high seal swell to a fuel
producing low seal swell could cause seal leakage. In the third program, a number of fuel
samples will be collected from existing agricultural storage and retail outlets and tested for their
oxidation stability. The detailed test protocols developed by Subcommittee #2 for each program
are included in Appendix D. .

As of February 15, 1994, the seal swell testing (Program #1) has begun. Fuel
analyses are being conducted at Southwest Research Institute in San Antonio, Texas. Testing
of O-rings will be conducted at Smithers Scientific Laboratories in Akron, Ohio. Experiment
1 of this seal swell program should require two to three weeks to complete. Experiments 2 and
3 of the seal swell program will begi.n immediately upon completion and analysis of the resuits

from Experiment 1. Experiments 2 and 3 will require approximately three weeks to complete.

The testing of new and used fuel pumps (Program #2) will begin after the
completion of the O-ring tests. The pump testing will be conducted at the U.S. Army Fuel and
Lubricants Testing Laboratory in San Antonio, Texas. Assuming a start date of mid-March, the

testing of all 24 pumps will require approximately 12 to 15 weeks to complete.

The fuel oxidation sampling and test program (Program #3) is currently underway.

Fuel samples are being collected from agricultural and retail sources. Collection of the samples
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will be completed by early March. Completion of the full oxidation potential test requires six

months.
1.1.3 Subcommittee #3 Activities

Subcommittee #3 met on January 5, 1994 to outline a course of investigation
regarding concerns of reduced lubricity with the post-regulation diesel fuels. It was established
that the concern over reduced lubricity extended beyond California to the rest of the U.S. and
other countries. However, no adopted standards or test methods currently exist to evaluate fully
the lubricity performance of diesel fuels. Furthermore, concern over the reformulated diesel fuel
No. 2 has been the subject of a number 6f activities by technical groups and societies such as
the Society of Automotive Engineers (SAE), the American Society for Testing and Materials
(ASTM), and the International Organization of Standardization (ISO). The ISO group, in coop-
eration with the Coordinating European Council (CEC), is in the process of defining laboratory
bench tests to evaluate the lubricity characteristics of fuels and solvents. The goal of the ISO
program 1s to generate sufficient data from a number of candidate test methods and equipment
performance tests to select a single test method as the universal method for determining diesel
fuel lubricity. The results of this study should become available within the next 12 months. A

minimum of two years will be required to develop and approve an ASTM lubricity standard.
Given these activities, the objectives of Subcommittee #3 were twofold:
L. To ensure equipment protection in the interim period before universal
lubricity test methods and standards are established; and
2. To restore consumer confidence in the lubricity potential of the

reformulated diesel fuel.

1.2 Conclusions and Recommendations

The investigation of the Diesel Fuel Task Force has resulted in the following

conclusions based on data available to date:
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Coincident with the introduction of the post-regulation diesel fuels, fuel
leaks and other failures have occurred to a small portion of the California
diesel population. Analysis of failure reports, engine parts sales data, and
interviews with equipment owners and repair facilities all show a marked
increase in fuel leaks and other problems coinciding with the introduction
of the post-regulation diesel fuels.

Although fuel-related problems are apparently affecting a relatively small
percentage of the overall vehicle population, these problems are serious
for some of the owners of the vehicles involved. For example, data from
the CTA for 74 trucking fleets experiencing apparent fuel-related problems
showed that an average of 29% of the vehicles in each fleet were affected.

Low sulfur and/or low aromatics levels in diesel fuels may not be directly
causing the reported mechanical problems. Rather, it may be that the
manufacturing process by which the lower sulfur and lower aromatics
levels are achieved could be causing the problems. The manufacturing
process is hydrotreating. Depending on its severity, hydrotreating can
remove fuel constituents that are important to fuel lubricity. However, the
specific fuel constituents involved in this process are not well understood
at this time.

The effect of hydrotreated fuels on swell/shrinkage characteristics of
nitrile rubber components is being investigated by the Task Force.

Fuel-related problems are not confined to the California post-regulation
diesel fuels. Similar problems have been reported throughout the U.S.
following introduction of the U.S. EPA low sulfur diesel fuel. However,
the magnitude of the problem in California relative to the rest of the U.S.
cannot be accurately determined at this time. Based on the problems
experienced in the rest of the U.S., the use of the U.S. EPA low sulfur
diesel fuel does not guarantee elimination of the mechanical problems seen
in California.

Sales and repair data through January 1994 suggest that the fuel system
failure rate is not currently increasing. However, the present failure rate
1s still higher than normal. The available data are insufficient to show
whether the failure rate will return to normal levels.

Despite reported problems throughout the nation with U.S. EPA low
sulfur diesel fuel, there apparently was no unusual increase in reported

-fuel system leaks after introduction in 1985 of pre-regulation South Coast

diesel fuel in southern California.
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. The reported problems include all types of light, medium, and heavy duty
diesel engines. All types of vehicle service are included in the
complaints. '

. Fuel system leakage from aged O-rings and hoses have been the most
common reported problems. (The age of a seal can be represented by a
number of factors, including mileage, chronological age, and hours of
use.) These problems have been affecting primarily O-rings and seals
made of nitrile (or Buna N) rubber. This is a common seal material used
in many automotive applications. Another common type of automotive
seal material, fluorocarbon elastomer, is not experiencing seal failures.

» Two potential causes of fuel system leakage have been identified: reduced
swelling or shrinkage of O-rings, and potential degradation of seals and
hoses due to increased fuel oxidation. Testing programs have been
initiated to investigate these mechanisms.

. Some incidences of repeated fuel system leakage failures have been
reported. However, the Task Force investigation showed that most of the
reports were repeat failures on the same engine, not repeat failures of the
same component. Although some repeat leakage failures. appear to have
occurred, replacement of the failed component solved the leakage problem
in most cases.

. Isolated reports of lubricity-related problems have been received. Because
of insufficient data, the extent of this problem could not be determined.
Most of the complaints involved poor operation due to sticking of injectors
and fuel control valves. Only a few examples of accelerated wear and
seizure of fuel pumps and injectors, as reported in Sweden' following
introduction of a very low sulfur/low aromatics fuel, have been reported
in California. Nonetheless, if an unadditized, severely hydrotreated fuel
(with substantially reduced aromatic content) is used, the potential does
exist for an increase in longer term lubrication-related problems for diesel
fuel-injection systems. -

. The impact of the post-regulation diesel fuels on agricultural diesel
engines is not well understood. Initial questionnaire results show that
some problems have occurred, but a specific level cannot be quantified at

'Whereas California post-regulation diesel fuels may contain sulfur at levels up to 500 parts
per million (ppm), Sweden limits the allowable levels of sulfur at 10 ppm for "city diesel” and
50 ppm for other uses. California regulators permit aromatic hydrocarbons to range from 10
vol% for major refineries to 20 vol% for small refineries. In Sweden, city diesel is capped at
5 vol% aromatics, with 20 vol% being the maximum allowable for other uses (from the Diesel
Fuel Advisory Committee report to the Governor, 11/15/93).
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this time. Due to the limited exposure of the agricultural community to
the post-regulation diesel fuels to date, the possibility for continued fuel
system leaks and lubricity-related problems does exist. Initial review has
indicated that a variety of different injection pump styles (fuel lubricated,
oil lubricated, distributor type, and in-line) are used on agricultural
equipment. The impacts of the change in fuel would likely depend on the
distribution of different pump designs in the fleet. A more detailed
investigation into the extent of possible problems in the agricultural
community relating to the use of post-regulation diesel fuels is planned to
coincide with increased farming activities in spring/summer of 1994,

There 1s a significantly higher fuel system leakage failure rate in northern
California than in southern California.

Based on analysis of fuel sampling data, one potential contributor to the
different leakage rates between northern and southern California could be
overall differences in the fuel composition between the two regions. Mul-
tiple sampling studies show that, on average, southern California samples
show a higher level of total aromatics than samples from northern
California.  Northern California also experienced a larger change in diesel
fuel characteristics than southern California, as demonstrated by measure-
ments of sulfur and total aromatic levels. Based on the Subcommittee #2
investigation, however, aromatics level should be treated only as a general
indicator of seal swell and lubricity differences among fuels. Other fac-
tors that were not evaluated in the earlier sampling programs could impact
the performance of individual fuels.

Recommendations regarding the fuel system leakage problem depend on the

completion of the testing programs described in Section 3.1. In the interim, the Task Force

encourages pump and engine manufacturers to continue their ongoing investigations into the

compatibility of elastomer seals with post-regulation diesel fuels.

Regarding the lubricity of the post-regulation diesel fuel No. 2 in California, the

Diesel Fuel Task Force recommends that:

Diesel Fuel Task Force

Interim steps be taken prior to establishment of an ISO test method/ASTM
lubricity specification to ensure equipment protection and to restore
consumer confidence in the lubricating potential of post-regulation diese!
fuels.
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Petroleum manufacturers monitor diesel fuel lubricity using the U.S.
Army modified BOCLE (Ball-on-Cylinder Lubricity Evaluator) test or
other appropriate tests to determine the lubricity level of the fuel.

Petroleum manufacturers maintain pre-regulation lubricity levels or add
lubricity-enhancing additives to diesel fuel with a BOCLE scuffing load
capacity of less than 3,000 grams, with due regard to recommendations
of additive suppliers. This interim recommended action reflects the view
of the Task Force and is not intended to be a lubricity guideline, standard,
or specification.

Equipment owners seek the advice of equipment manufacturers prior to
adding any additives or oil to diesel fuel. Addition of used oil to diesel
fuel 1n California is a violation of the California hazardous waste regula-
tions.
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2.0 PROBLEM IDENTIFICATION

This section presents the findings of Subcommittee #1. This subcommittee
analyzed all available information to define the nature and extent of the reported mechanical
problems and determine common characteristics of affected and unaffected engines. The results
of Subcommittee #1 were communicated to the other two subcommittees in a Technical
Memorandum (provided in Appendix F) to help guide their investigation into the cause of the

mechanical problems.

At the initial meeting of Subcommittee #1 on December 21, 1993, a list of six key
questions was identified. Questions 1 through 3 are interrelated and are, therefore, addressed
together in Section 2.2. Questions 4, 5, and 6 address separate issues and are discussed indivi-

dually in Sections 2.3, 2.4, and 2.5, respectively.
2.1 Conclusions
The investigation of Subcommittee #1 has resulted in the following conclusions:

° Coincident with the introduction of the post-regulation diesel fuels, fuel
leaks and other failures have occurred to a small portion of the California
diesel population. Analysis of failure reports, engine parts sales data, and
interviews with equipment owners and repair facilities all show a marked
increase in fuel leaks and other problems coinciding with the introduction
of the post-regulation diesel fuels.

° Although fuel-related problems are apparently affecting a relatively small
percentage of the overall vehicle population, these problems are serious
for some of the owners of the vehicles involved. For example, data from
the California Trucking Association (CTA) for 74 trucking fleets
experiencing apparent fuel-related problems showed that an average of
29% of the vehicles in each fleet were affected.

o Low sulfur and/or low aromatics levels in diesel fuels may not be directly
causing the reported mechanical problems. Rather, it may be that the
manufacturing process by which the lower sulfur and lower aromatics
levels are achieved could be causing the problems. The manufacturing
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process is hydrotreating. Depending on its severity, hydrotreating can
remove fuel constituents that are important to fuel lubricity. However, the
specific fuel constituents involved in these processes are not well
understood at this time.

The effect of hydrotreated fuels on swell/shrinkage characteristics of
nitrile rubber components is being investigated by the Task Force.

Fuel-related problems are not confined to the California post-regulation
diesel fuels. Similar problems have been reported throughout the U.S.
following introduction of the United States Environmental Protection
Agency (U.S. EPA) low sulfur diesel fuel. However, the magnitude of
the problem in California relative to the rest of the U.S. cannot be
accurately determined at this time. Based on the problems experienced in
the rest of the U.S., the use of the U.S. EPA low sulfur diesel fuel does
not guarantee elimination of the mechanical problems seen in California.

Sales and repair data through January 1994 suggest that the fuel system
failure rate is not currently increasing. However, the present failure rate
is still higher than normal. The available data are insufficient to show
whether the failure rate will return to normal levels.

Despite reported problems throughout the nation with U.S. EPA low
sulfur diesel fuel, there apparently was no unusual increase in reported
fuel system leaks after introduction in 1985 of pre-regulation South Coast
diesel fuel in southern California.

The reported problems include all types of light, medium, and heavy duty
diesel engines. All types of vehicle service are included in the
complaints.

Fuel system leakage from aged O-rings and hoses have been the most
common reported problems. (The age of a seal can be represented by a
number of factors, including mileage, chronological age, and hours of
use.) These problems have been affecting primarily O-rings and seals
made of nitrile (or Buna N) rubber. This is a common seal material used
in many automotive applications. Another common type of automotive
seal material, fluorocarbon elastomer, is not experiencing seal failures.

Two potential causes of fuel system leakage have been identified: reduced
swelling or shrinkage of O-rings, and potential degradation of seals and
hoses due to increased fuel oxidation. Testing programs have been
initiated to investigate these mechanisms.

2-2



Some incidences of repeated fuel system leakage failures have been
reported. However, the Task Force investigation showed that most of the
reports were repeat failures on the same engine, not repeat failures of the
same component. Although some repeat leakage failures appear to have
occurred, replacement of the failed component solved the leakage problem
in most cases.

Isolated reports of lubricity-related problems have been received. Because
of insufficient data, the extent of this problem could not be determined.
Most of the complaints involved poor operation due to sticking of injectors
and fuel control valves. Only a few examples of accelerated wear and
seizure of fuel pumps and injectors, as reported in Sweden' following
introduction of a very low sulfur/low aromatics fuel, have been reported
in California. Nonetheless, if an unadditized, severely hydrotreated fuel
(with substantially reduced aromatic content) is used, the potential does
exist for an increase in longer term lubrication-related problems for diesel
fuel-injection systems.

The impact of the post-regulation diesel fuels on agricultural diesel
engines is not well understood. Initial questionnaire results show that
some problems have occurred, but a specific level cannot be quantified at
this time. Due tc .he limited exposure of the agricultural community to
the post-regulation diesel fuels to date, the possibility for continued fuel
system leaks and lubricity-related problems does exist. Initial review has
indicated that a variety of different injection pump styles (fuel lubricated,
oil lubricated, distributor type, and in-line) are used on agricultural
equipment. The impacts of the change in fuel would likely depend on the
distribution of different pump designs in the fleet. A more detailed
investigation into the extent of possible problems in the agricultural
community relating to the use of post-regulation diesel fuels is planned to
coincide with increased farming activities in spring/summer of 1994.

There is a significantly higher fuel system leakage failure rate in northern
California than in southern California.

Based on analysis of fuel sampling data, one potential contributor to the
different leakage rates between northern and southern California could be
overall differences in the fuel composition between the two regions. Mul-

'Whereas California post-regulation diesel fuels may contain sulfur at levels up to 500 parts
per million (ppm), Sweden limits the allowable levels of sulfur at 10 ppm for “city diesel" and
50 ppm for other uses. California regulators permit aromatic hydrocarbons to range from 10
vol% for major refineries to 20 vol% for small refineries. In Sweden, city diesel is capped at
5 vol% aromatics, with 20 vol% being the maximum allowable for other uses (from the Diesel
Fuel Advisory Committee report to the Governor, 11/15/93).

Diesel Fuel Task Force
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tiple sampling studies show that, on average, southern California samples
show a higher level of total aromatics than samples from northern
California. Northern California also experienced a larger change in diesel
fuel characteristics than southern California, as demonstrated by
measurements of sulfur and total aromatic levels. Based on the
Subcommittee #2 investigation, however, aromatics level should be treated
only as a general indicator of seal swell and lubricity differences among
fuels. Other factors that were not evaluated in the earlier sampling
programs could impact the performance of individual fuels.

2.2 Nature and Extent of Mechanical and Performance Problems

Questions 1, 2, and 3 are summarized below and discussed at length in the

remainder of Section 2.2.

Question 1: What are the specific mechanical and performance problems
being reported?

Question 2: What is the extent of the mechanical problem? Which service
categories, makes, models, engines, and components are being affected?

Question 3: Which service categories/vehicles/engines/components are not
experiencing mechanical problems?

Topics that have been evaluated relevant to these questions are:

Diesel Fuel Task Force

Types of mechanical problems reported by diesel vehicle owners (see
Section 2.2.1);

Types of passenger car and heavy duty diesel (HDD) vehicles that have
experienced mechanical problems (see Section 2.2.2);

Prevalence of reported problems among light duty diesel (LDD) and HDD
populations (see Section 2.2.3);

Trends seen in affected/unaffected vehicles (i.e. age/condition, mechanical
configurations, elastomer materials used) (see Section 2.2.4); and

Agricultural questionnaire (see Section 2.2.5).
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2.2.1 Types of Mechanical Problems Reported by Diesel Vehicle Owners

The most common mechanical and performance complaints reported since the

introduction of the post-regulation diesel fuels are discussed below.

Leaking fuel injection pumps. This complaint has been associated with a variety
of different pump brands and models used on light, medium, and heavy duty diesel vehicles.
Diesel vehicles of many makes, models, ages, and service types are represented in the reports.

However, the common features among the majority of complaints are:

o Leaks occur most often at locations sealed by O-rings. Commonly cited
leak locations include throttle shafts, bonnet covers, input shaft seals, and
tachometer connections.

. Leaks occur in fuel injection pumps that use fuel (as opposed to motor oil)
to lubricate moving pump parts. Pump designs that use engine oil to
lubricate all internal moving parts are not subject to this type of leak.

o Failed O-rings are nearly zlways composed of nitrile rubber (as opposed -
to fluorocarbon elastomer).

° Failures are typically associated with "aged" components. The age of a
seal can be represented by a number of factors, including mileage,
chronological age, and hours of use. Other factors can also influence the
aging of a seal, including maximum temperature, number of thermal
cycles, and exposure to oxidants. In this analysis, mileage was the most
widely available indicator of seal age.

~ The primary theory regarding why "aged" nitrile O-rings might be more suscepti-
ble to failure rests on the fact that nitrile O-rings swell when exposed to polar hydrocarbon
molecules. When the chemical nature of the fuel suddenly changes, the volume (swell) of the
seal may change by several percentage points. If the seal is pliable and elastic, it can change
shape and still fill its cavity, maintaining seal. If the seal has hardened into a "set" in a flattened

shape, it cannot change shape in response to the fuel change, and a leak may result.
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Note that nearly all of the light duty diesel passenger vehicles in California are
between 5 and 15 years old (no new light duty diesel-powered passenger cars have been sold in
California from 1988 to 1993). Because of the age and type of pumps used, the bulk of the
diesel passenger car fleet (with the exception of manufacturer E9) is described by most of the

fuel injection pump leak candidate indicators listed above.

Leaking fuel injectors. Complaints have come mostly from owners of pickups and

light duty trucks of a single make (E4). Injectors with fluorocarbon elastomer seals are

apparently not experiencing fuel-related leaks.

Most reported leaks have been external (visible) leaks from fuel systém com-
ponents. Leaks of fuel into the engine oil from make C6 fuel injectors and from several fuel-
lubricated injection pump designs have also been reported. These leaks are of greater concern
because of the potential for severe engine damage if the leak is not detected. Truck fleets
nationwide that use equipment of these designs have been alerted by engine manufacturers to the

possibility of this type of leak.

Loss of power and reduced fuel economy. This complaint has been voiced nation-
wide from virtually all service groups. It should be noted that not all users have observed power
and mileage reductions, and at least one manufacturer has stated that they are not yet convinced
that there has been an across-the-board reduction in power and mileage with the new U.S. EPA

low sulfur and California post-regulation diesel fuels.

Leaking fuel system hoses. Complaints have come mostly from owners of one
make of passenger cars (E9). These hoses generally require periodic replacement, but the
number of reports suggests that the change in fuel may have instigated failure in a number of

older vehicles.

Lubricity. Various technical papers have pointed out that severe hydrotreating

(for the removal of sulfur and aromatics) of crude oil can adversely impact the lubricating
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qualities of diesel fuel. These papers point to the Swedish experience with low sulfur/low
aromatic fuel as evidence that fuel with poor lubricity can cause prerriature failure of distributor-

type fuel injection pumps (Booth) (K. Krieger) (Volvo') (C. Bovington).

Based on data from Sweden’s experience with low sulfur/low aromatic fuels,
Subcommittee #1 considered the possibility of premature failures of fuel pumps using post-
regulation diesel fuels. A few isolated reports of seized fuel injectors and injection pumps have
been received from California and various other states since the introduction of the post-
regulation diesel fuels. However, with only four months of experience with the new fuels, it
is not possible to draw definitive conclusions regarding long-term lubricity effects. However,

.many fuel suppliers are monitoring the lhbricity of their fuels and adding lubricity additives.

Vehicle owners have atiributed a variety of fuel system performance complaints
to reduced lubricity of the post-regulation diesel fuels. The potential extent of problems and the
mechanism for this effect are not well understood at this time. There are indications among the
survey data from diesel vehicle owners, however, that the lubricity qualities of some of the new

fuels may not be as good as the old fuels.

Two of the more commonly reported problems that have been attributed to fuel
lubricity are the poor idling and underrunning stalls in vehicles equipped with distributor-type
1njection pumps ffom component manufacturer C2. Technician.s who were interviewed reported
that the fuel metering valve does not respond quickly enough after deceleration to sustain an idle
speed, so the engine stalls. This complaint has been voiced nationwide since October 1993, and
is widely associated with U.S. EPA low sulfur diesel fuel. Several diesel injection pump
mechanics who were interviewed asserted that complaints of underrunning stalls are an indicator

of low lubricity in the diesel fuel.
One major manufacturer of industrial and agricultural equipment undertook a

study in September/October 1993 that contrasted low sulfur diesel fuel with higher sulfur diesel

fuel. The survey examined records from the past five years. Records from California’s South
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Coast Air Basin (where low sulfur fuel has been used for more than five years) were cdmpared
to records from the eastern U.S. This survey found that complaints of underrunning stalls with
distributor-type fuel pumps have been 2.9 times more common in the South Coast Air Basin over

this five-year period than in the eastern U.S.

The above discussions suggest that low sulfur diesel fuels may have poorer lubri-
city than diesel fuels with higher sulfur levels. However, fuel lubricity is a complex issue and
different mechanical systems are known to respond differently to various lubricating components
in fuel. Itis not clear if there is a correlation between the incidence of underrunning stalls and
the potential for accelerated wear or other fuel system problems. To our knowledge, only one
equipment manufacturer has suggested in writing that there may be lubricity concerns with low
sulfur fuels. This statement was restricted to those models equipped with distributor-style

injection pumps.

2.2.2 Types of Passenger Car and HDD Vehicles That Have Experienced

Mechanical Problems

Most major engine manufacturers of LDD and HDD engines are represented
among the failed equipment. Furthermore, vinually all types of vehicle service are represented
in the vehicles reporting seal leakage or other problems, including long haul/interstate, local/
delivery, agriculture, emergency vehicles, refrigerated units, and passenger vehicles. However,
because of differences in design and materials used in different vehicles, the specific problems

cited vary according to the type of vehicle.
Table 2-1 shows the failures reported to the CTA by engine make. Table 2-2 is
a summary of the types of failures (by engine make) reported to California Air Resources Board

(ARB) staff by California truck fleets surveyed.

While leaks have been seen in a variety of different vehicles and applications, the

common component seen in many leak failures is nitrile (Buna-N) seals that have seen long
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CTA Diesel Fuel Failure Report (by Engine Make)

Table 2-1

Engine Manufacturer
El E3 E4 j ES Other®
Number of reports 113 436 241 384 360
————— —

2 Includes nger cars, refrigeration units on truck trailers, construction/farm equipment, forklifts, locomotives,
passeng g equip

and unidentified vehicles.

Reference: CTAS

Table 2-2

ARB Fleet Inspection Summary
(Failures Noted By Engine Type)

Engine Type
Mechanical Probiems E3 | E4 ES
Fuel Pump
O-Ring v/ v/ v
Fuel Pump Failures (unspecified) v
Injector O-Rings v
Return Hoses 7

Filters Plugging

- Not Specific to Make

Reference: ARB®
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service at high temperatures. Manufacturer E3, who is prominently mentioned in the failure
reports, indicates that it has had no warranty claims for fuel leaks as of February 1, 1994. The

basic warranty covers the fuel system for 100,000 miles.

Fuel system designs that are not represented in the leak reports tend to be those

that use fluoroelastomer or soft metal seals throughout the fuel system.

Virtually all majof engine manufacturers of diesel passenger. cars and pickups are
represented among the failed equipment. The numbers of reported problems generally corres-
pond to the populations of these makes within the overall vehicle population. The distribution
.of reported problems from the ARB light duty mail survey is shown in Tables 2-3 and 2-4. As
with HDDs, differences in designs and materials result in differences in the specific complaints

associated with different makes.

Vehicle makes E8 and E9 (a pickup and a car) are the major LDD vehicles
represented in California, each making up approximately 25% of the population. These are
followed by El1, which makes up approximately 8% of the light duty population. Tables 2-3
and 2-4 indicate that a large number of hose leaks were reported on E9 vehicles, but relatively
few other problems (relative to the large population of thesé units in the state) have been
reported. Reported failures among other makes are mostly confined to pump problems, with the
relative numbers of reports roughly proportional to vehicle populations for European makes.
In addition, few problems were reported for American-made diesel passenger cars and Japanese-

made LDDs. However, the fraction of these vehicles in the overall LDD fleet is small.

223 Prevalence of Reported Problems Among the LDD and HDD Populations
Limited repair data and confounding variables make accurate estimates of the

affected HDD population difficult. Estimates that less than 1% of the truck populations

nationwide have suffered fuel leaks have appeared in a trade journal (Fleer Owner) and a

technical bulletin from October 1993 (Chevron?). These estimates were generated soon after the
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problem was identified and were based on limited data. No California-specific estimates for the

HDD population can be generated from the data available.

Note that virtually all of the data on HDD vehicles présented in this section were
gathered via passive surveys; that is, only vehicle owners who were aware of the ARB or CTA
data-gathering efforts and were motivated to call or complete forms are represented in the data.
The pattern of advertisement may, to some degree, affect the patterns of timing and geographic

origin of reports and the vehicle types represented in the data.

To quantify the magnitude of fuel-related problems in California, the ARB sur-
veyed truck drivers at California Highway Patrol (CHP) Commercial Vehicle Inspection Facili-
ties, interstate rest stops, interstate border crossings, and random roadside locations throughout
the state between October 25 and November 10, 1993. The ARB inspectors asked the vehicle
operators if they had experienced mechanical problems with the post-regulation diesel fuels.
Although a survey of this type does not produce statistically rigorous results, -this survey was
extensive and was a random sampling within the geographic areas where it was undertaken. A

total of 7,695 truck operators were surveyed. The results from this survey were:

. 90% of truck drivers surveyed reported no mechanical problems with the
post-regulation diesel fuels.

o 10% of the truck drivers surveyed cited mechanical/performance
problems. One-fifth of these (2% of total) reported fuel leaks.

Although fuel-related problems are apparently affecting a relatively small percent-
age of the vehicle population, these problems are serious for some of the owners of the vehicles
involved. Two exampies of fleets that have been severely impacted are a San Francisco Bay
Area transit bus and fire truck fleet, and a northern California trucking fleet. These fleet
operators were visited by ARB staff and contacted by Subcommittee #1 researchers. In both
cases, more than one-third of the fleet has required costly fuel system repairs since September
1993. Data from the CTA for 74 fleets experiencing apparent fuel-related problems showed that

failures were reported on an average of 29% of the vehicles in each fleet. The percentage of

Diesel Fuel Task Force . 2-12



reported failures in each fleet ranged from a low of 1% to a high of six fleets that reported
failures in 100% of their vehicles. On the other hand, many comparable fleets using the same
diesel fuels have not reported problems. This sporadic pattern of reported fuel-related problems
has been seen nationwide since the introduction of U.S. EPA low sulfur and post-regulation

diesel fuels.

The ARB conducted a study to determine the incidence of fuel injection system
leaks in light and medium duty diesel vehicles since the introduction of U.S. EPA low sulfur and
post-regulation diesel fuels (ARB?). This study included an extensive survey and statistical

analysis of responses from diesel vehicle owners in northern and southern California.

Based on the results of their analysis and the statewide light and medium duty
diesel populations, ARB estimated that the statewide incidence of leaks among light and medium

duty diesel vehicles is approximately (ARB*):

" Fuel injectors and injection pumps 2.4%
Other fuel system leaks 6.4%
Total - , 8.8%

Reports of fuel line leaks were prevalent among the LDD fuel-related failure
reports. The results of ARB’s telephone survey of light and medium duty vehicle owners
indicated that 63% of all the reported leaks were in rubber hoses within ‘the fuel system. Of
these, 90% occurred in passenger cars of make ES. The complaints received by CTA also
reflect a preponderance of rubber hose leaks in the E9 make passenger cars. Approximately
31% of passenger car leaks reported to CTA cited leaking fuel lines; of these 50% were E9

vehicles.
To investigate this problem, several repair shops specializing in repair of E9

vehicles were contacted to learn more about the "profile" of the damaged fuel lines. Several

elastomer experts were also contacted. Anecdotal data from the repair shops were contradictory
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at times. For example, some repair shops stated that leaking fue] hoses are "normal” repair
items and are replaced periodically; others said that this was not the case. Still other shops
indicated that, whereas the hoses on the engine require routine replacement, the fuel tank return
lines do not. However, in all cases there was agreement that fuel line leaks have been occurring

more frequently since the introduction of the post-regulation diesel fuels.

There were also different descriptions of the failure profile. These can be
generalized into four failure types: hoses that became brittle and "cracked," hoses that became
loose and leaked at the connections, hoses that softened, and hoses that leaked along their full
length.

Rubber fuel hoses are only used in low-pressure applications, such as in the fuel
systems of light and medium duty vehicles. According to one source, fuel system return lines

in heavy duty vehicles are reinforced with a steel mesh to provide durability.

Agricultural equipment effects. Data related to the possible impacts of the post-
regulation diesel fuels on agricultural machinery are, as yet, very limited. The initial review
of relevant information has indicated that a variety of different injection fuel pump styles (fuel-
lubricated, oil-lubricated, distributor-type, and in-line) are used on agricultural equipment. The
impacts of the change in fuel will likely depend on different pump styles in use, and are not yet

known.

In winter, agricultural activities using diesel equipment are minimal compared
with other seasons. Nevertheless, Subcommittee #1 investigated the potential effects of the post-
regulation diesel fuels on agricultural equipment. The Subcommittee employed a questionnaire
of agricultural equipment operators to identify the extent of any current mechanical problems
and to identify plans for near-term agricultural activities. The results of this study are presented

in Section 2.2.5.
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2.24 Trends Seen in Affected/Unaffected Vehicles

The common theme seen throughout the interviews, research, and data analysis
was that most fuel leaks involve nitrile seals that have seen long service at high temperatures.
This suggests that the mechanism of failure is such that older seals may be less tolerant to a
sudden change in fuel characteristics than less-aged seals. Rather than repeat those data, this
discussion examines the exception to the trend (i.e., reports of repeat failures and low-mileage
failures) to determine what can be learned from these reports. Specific topics discussed here

are:

* Mileage of vehicles reporting failures;

.. Repeat failure reports;

. Low-mileage failure reports;
. Fuel oxidation potential; and
* Significance of elastomer materials.

The age of a seal can be represented by a number of fabtors, including mileage,
chronological age, and hours of use. Other factors can also influence the aging of a seal,
including maximum temperature and number of thermal cycles. It should be noted that the
mileage distribution of reported failures showed large variability, indicating that mileage alone

is not an accurate gauge of seal condition.

Figures 2-1 through 2-4 are histograms illustrating the distribution of vehicle
mileage as reported to ARB and CTA. The bars on the histograms represent the relative num-
bers of vehicles in each mileage range that have been reported to have fuel-related problems.
Not all reports to ARB and CTA included vehicle mileage. Among the reports to ARB, approxi-
mately 90% of the passenger cars and 30% of the heavy duty trucks reported vehicle mileage.
Among “he reports to CTA, approximately 90% of the passenger cars and 12% of the heavy
duty trucks reported vehicle mileage.
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The line drawn through each graph represents an approximation of the mileage
distribution among all the diesel vehicles in the state. This statewide mileage distribution is
based on the data and assumptions in the ARB computer model BURDEN7F. The BURDEN7F
computer model is used to characterize vehicular use patterns to estimate on-road motor vehicle

emissions.

Note that there is an inherent bias in the comparison of the lines and bars shown
in Figures 2-1 through 2-4. The lines represent the total accumulated mileage of the vehicles
in the statewide fleet. A truck with 1,000,000 miles that was overhauled at 650,000 miles will
appear as a 1,000,000 mile vehicle on the line. Many owners, however, would have (correctly)
reported this same vehicle as a failure at 350,000 miles. Because the statewide mileage
distribution line counts total accumulated miles, and does not reset vehicles to zero miles after
rebuilding, the line will tend to report a greater proportion of "high-mileage" vehicles than the

owrners have reported.

Several low-mileage failures and repeat failures reported to CTA and ARB appear
to run contrary to the trend of higher mileage failures. These reports are significant because
they contradict the verbal accounts from representatives of fleets, repair facilities, and
manufacturers. They also raise the question of whether a failure mechanism other than reduced

seal swell might be at work.

Subcommittee #1 carefully reviewed a number of the low-mileage and repeat
failure reports (see Appendix C) to determine whether the reports were accurate and, if so,
whether additional understanding of the mechanisms of seal failure might be gained from these

case histories. In addition, research into fuel oxidation potential was undertaken.

Repeat failures. Reports of repeat failures were investigated through review of

the hardcopy survey forms and follow-up telephone calls. Most of the repeat failures reported

were "vehicle repeats” rather than "component repeats" (e.g., an injector O-ring and a fuel line
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failed in the same vehicle). However, there were a few, isolated reports of repeat component

failures.

Conversations with O-ring manufacturers and repair shops indicated that a small
number of repeat component failures do occur under normal conditions. Repeat failures may
be caused by defective replacement parts or installation difficulties. "Notching" (e.g., the
O-ring does not lie flat) or "shredding” (e.g., the O-ring tears when secured into place) are two

complications that may arise while performing seal repairs.

It is important to keep in mind that the components that have been replaced since
October 1993 are still quite new (as measured in terms of time, mileage, or usage). It may be

too soon to adequately assess the frequency of repeat component failures at this time.

Low-mileage failures. To investigate the incidences of low-mileage failures,
reports that were clearly very low mileage (i.e., less than 50,000 miles) were selected for
follow-up telephone calls. Successful contacts with owners were made for thirteen reports of
vehicle failures that occurred at less than 50,000 miles. Six reported failures were confirmed
to be associated with low-mileage vehicles, although one was a street sweeper, classified as
"high usage" by the fleet supervisor, despite its low-mileage stafus. Six of these low-mileage
failures were erroneous due to misinterpreted data (e.g., 450 was reported to represent 450,000
11,000 was reported from an odometer that actually had 111,000 miles; and mileage was
reported for the new/rebuilt component rather than for the failed component). One low-mileage
value reported was the mileage since major engine repair work. In this case, however, it was
not possible to confirm that the subject fuel system component had been rebuilt or replaced at
the time of the major engine rebuild. Therefore, some of the reported failures of low-mileage

vehicles were confirmed to be accurate and some were found to be misleading.

A common trend noted among the reports of low-mileage failures and repeat

failures for HDD and LDD vehicles was that they are generally privately owned vehicles that
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have been serviced by outside shops. Specific details on these cases, such as repair histories,

types of parts previously used, or unusual operating conditions, are not available.

In summary, a review of the low-mileage and repeat failure reports indicates that
some reports are erroneous, most are unclear, and some are genuine low-mileage failures.
Because of the small number of reports and limited data, these reports do not support conclusive
theories as to failure mechanisms. However, research into other failure mechanisms in addition

to reduced seal swell, such as fuel oxidation potential (peroxide formation), is ongoing.

Fuel oxidation potential. The removal of sulfur and other antioxidants from the

fuel during severe hydrotreating may result in a product with greater potential for peroxide
formation during storage. Peroxide is a strong oxidant that is known to be destructive to nitrile
elastomers. For this reason, Subcommittee #1 submitted a recommendation to Subcommittee
#2 for additional study of this issue. Subcommittee #2 has initiated a program to test the oxida-
tion potential of post-regulation diesel fuels. Note that many fuel suppliers are aware of this

concern and are adding supplemental oxidation inhibitor(s).

Elastomer materials. Another common trend noted among the leak reports was

the use of acrylonitrile (nitrile) seals as opposed to fluoroelastomer seals. Nitrile is selected for
many fuel system O-rings because of its fuel tolerance, resistance to abrasion, and pliability at

low temperatures.

Heavy duty engine manufacturer E2, who uses engine oil-lubricated fuel pumps
and fluoroelastomer seals, is virtually absent from the reports of leaking vehicles. Likewise,
several manufacturers who use fluoroelastomer in their fuel injectors have seen few reported

injector failures.
There are exceptions to the fluoroelastomer versus nitrile trend in the reported

failures. Manufacturer E1, who also uses fluoroelastomer seals in their fuel systems, is

represented among the reported failures. However, when the manufacturer investigated two of
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the major fleets that reported failures, they identified confounding factors that were not directly
related to the post-regulation diesel fuels. At this time it cannot be confirmed that these reports
represent fluoroelastomer seals that failed solely because of contact with post-regulation diesel

fuels.

Also, it should be noted that many different nitrile materials are used in O-rings,
each of which has slightly different resistance to heat, oxidation, and other variables. These

differences may contribute to different rates of failures among vehicles using nitrile elastomers.

The reader is cautioned against concluding from this discussion that, to avoid fuel
system failure, only fluoroelastomer seals should be used in fuel systems, or that future fuel
system leaks might be prevented if manufacturers simply changed their material specifications.

The selection of O-ring materials must take into consideration a number of factors, including:

. The minimum and maximum temperatures that the O-ring will be exposed
to, and the demands to be placed on the O-ring at these extreme tempera-
tures.

. The materials that the O-ring will be exposed to, including fuels and fuel

additives on one side, and hot motor oil, coolant, or air (which may carry
oxidants and/or abrasive dirt) on the other side.

. The physical demands of the application (e.g., will the O-ring seal against
a sliding or rotating shaft? Will the size or shape of the O-ring need to
change with thermal expansion/contraction of the sealed parts?).

. Serviceability (can parts made from alternative materials be installed and
removed easily without damaging the parts or other components?).

*  Cost (will increased part cost be justified by increased value to the
customer?).

Statements by equipment manufacturers and-discussions with elastomer experts
suggest that, where failed nitrile components are replaced with identical nitrile parts, there is,
as yeti, no evidence to indicate that the new components will suffer an increased incidence of

early failures. A number of questions remain, such as how seals are affected when exposed to
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fuels with varying characteristics within California and nationwide. These factors are unknown
because the complex chemical interactions between fuels and the elastomers are not well

understood.
2.2.5 Agricultural Questionnaire

The objective of the agricultural questionnaire was to determine if there are
problems (e.g., fuel leaks, reduced lubricity, or performance problems) related to the use of
post-regulation diesel fuels in agricultural equipment. Where the respondent voiced a problem,
as much information as possible regarding the scope and extent of the problem was obtained.
To meet the schedule demands for completion of this report, determining the extent of the pro-
blem was given priority over collecting detailed information related to potential causes. A more
detailed investigation into the extent of possible problems in the agricultural community relating
to the use of post-regulation diesel fuels is planned to coincide with increased farming activities

occurring in spring/summer 1994.

Two methods were used to determine the extent of the potential problem. First,
a telephone questionnaire (not statistically valid) was developed to contact agricultural diesel fuel
users regarding their experiences with post-régulation diesel fuels. Additionally, a number of
equipment manufactures, dealers, and agricultural equipment repair facilities that work on diesel
fuel injection systems were contacted to determine if they had observed an increase in fuel
system problems that could be attributed to the pbst—regulation diesel fuels. Both methods
focused on four counties, Fresno, Kern, Monterey, and Yolo, which are expected to provide a

reasonable representation of the agricultural community in California.

The telephone questionnaire used to contact agricultural diesel fuel users was
developed and implemented by the Center for Irrigation Technology (CIT) at California State
University Fresno (CSUF). The questionnaire prepared by CIT was reviewed by representatives
of the agricultural industry who are members of the Diesel Fuel Task Force, Subcommuittee #1.

The telephone discussions with the -equipment dealers and repair shops were completed by
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Subcommittee #1 researchers. Additional interviews with repair shop personnel provided by

ARB staff were also reviewed. The report provided by CIT is included in Appendix E.

Results. Questionnaire respondents who could not confirm whether they were
using "ARB low sulfur fuel," but who had purchased fuel after September 1, 1993, were
assumed (for the purposes of this questionnaire) to be using post-regulation diesel fuels. Eighty
percent (146 of 182) of the respondents were assumed to be using post-regulation diesel fuels.
Of the respondents using post-regulation diesel fuels, 32% (47 of 146) indicated that they were
having more fuel leaks than normal due to the post-regulation diesel fuels, and 47% indicated
that they were experiencing more operating problems. The range of diesel-fueled equipment
units per farm ranged from a low of zero to a high of 100. The average number of diesel-fueled
equipment units was 12.4 per farm. Nearly 15% of all equipment assumed to be using post-

regulation diesel fuels was reported to have leaks that respondents associated with the fuel use.

The results of the questionnaire are summarized in Table 2-5. 'The reader is
reminded that the numbers and percentages in Table 2-5 correspond to individuals interviewed,
not to equipment counts. Problems reported generally refer to only a subset of the equipment
that the respondent owns. Even when this is kept in mind, however, the results from the
questionnaire appear to contrast sharply with reports from shops and manufacturers. Of the.
more than 20 contacts made with staff at pump shops, dealers, and equipment manufacturers,
only one indicated that they had seen an increase in fuel leaks that they felt were associated with
use of the post-regulation diesel fuels. Many staff members at these shops did note a significant
increase in problems in on-road and construction equipment, and it was generally recognized that

there may be some performance problems, primarily in reduced power and fuel efficiency.

‘Limitations of the questionnaire methods. The telephone questionnaire is not

considered statistically valid. There may be some bias in the population surveyed since the
contact names came primarily from one source (the pesticide spray permits obtained from each
county), and do not include all of the agricultural users in a given area. A total of 1,078 phone

calls were made, resulting in a total response of 182 growers. Additionally, due to the need to
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Table 2-5
CIT Agricultural Questionnaire Results

Question Responses Yes # % No # % Don’t Know # %
Are you currently using ARB
low sulfur diesel fuel? 182 132 (73%) 26 (14%) 24 (13%)
If "Don’t Know,"” was fuel
purchased after September 1, 24 14 (58%) 2(8%) 8 (33%)

19937

The 146 respondents who answered "yes" to either of the above two questions were asked the following
additional questions:

More than normal fuel leaks? 146 65 (44 %) 81 (56 %) —_
Believe leaks related to fuel? 65 47 (72%) ' 0 (0%) 18 (28%)
More operating/performance 146 69 (47%) 77 (53%) _

problems than normal?

Operating/Performance Problem (69 respondents)

Hard Starting 35 (51%)
Power loss 36 (52%)
Reduced fuel economy 30 (43%)
Injector or injector pump failure 20 (29%)
Seizure or scoring 1(1%)

Other 10 (14 %)

Characterization of Fuel Leaks (65 respondents)

Fuel pump 34 (52%)
Injector(s) 29 (45%)
Return lines 29 (45%)
Fuel filter 15 (23 %)
Other 14 (22%)

begin the telephone questionnaire immediately, the questions were not validated to avoid biasing
the survey population due to the phrasing of the questions. In fact, potentially leading questions
may have been included if they were thought to reduce the questionnaire completion time,

thereby improving the questionnaire response rate.

Discussion of questionnaire and shop_interviews. There has been extensive

publicity and concern in the agricultural community over potential equipment damage resulting
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from the use of post-regulation diesel fuels. The publicity includes notices from a major
manufacturer that fuel systems operating on the low sulfur fuels may not be covered by
warranty, to advertisements from repair shops and notices in the media indicating that the post-
regulation diesel fuels are damaging equipment. Many of the shop contacts felt that the
increased awareness of the issue contributed to identification of leaks that might not otherwise
have been identified at this time. Owners may have blamed post-regulation diesel fuels for
damage to older systems or systems with known design problems, which the repair shop did not

consider to be abnormal or to have resulted from use of the post-regulation diesel fuels.

Additionalily, according to agricultural representatives on the Task Force, many
agricultural users may have stockpiled the high sulfur or temporary California low sulfur fuel.
Although many have purchased the post-regulation diesel fuels, it appears that much of the post-
regulation diesel fuels used to date may have been mixed with high sulfur fuel. In most of the
counties surveyed, there does not appear to be heavy usage yet of pure post-regulation diesel
fuels. Monterey County, which is considered to have had the heaviest fuel use since introduc-
tion of post-regulation diesel fuels, experienced the highest percentage of performancé problem
reports (60%). Sixty percent of the Monterey County post-regulation diesel fuel users reported

performance problems, compared to the 47% four-county total repoﬁed in Table 2-5.

The dealer, manufacturer, and shop contact information was used qualitatively,
and no statistical evaluation of the data was conducted. There could also be bias in these
contacts since they were weighted toward dealers and well-known pump repair shops. These
sources may conduct proportionally more business with large, fleet-type farm operations than
smaller shops. Dealers and equipment manufacturers may also be biased toward indicating that

there are no problems associated with equipment that they are trying to sell.
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2.3 Geographic Distribution of Reported Problems

Question 4: What is the geographical nature of reported problems?

The geographic distribution of the reported diesel fuel-related problems was inves-
tigated from two perspectives: the relative distribution of these problems within California, and
the existence/extent of reported problems outside of California. The results of this analysis are

discussed below.
2.3.1 Geographic Distribution of Problems Within California

In this analysis, areas north of Santa Barbara and Fresno were generally
designated as "north." Areas inclusive of Fresno and Bakersfield were designated as "central,"
and the remaining areas were designated as "south." Without exception, the data reviewed
indicated that the majority of reported failures were in the northern part of the state. Less than
20% of the reported leaks occurred in southern California. Interestingly, California vehicle
population data for 1993 indicate that the majority (approximately 55%) of both LDD and HDD
vehicles are registered in southern California. The geographi_c profile of reported leaks from
.ARB’s LDD telephone survey, ARB’s HDD mail survey, and CTA’s database of complaints is
summarized in Table 2-6. These data sets were selected because they adequately reflect the
information from the other data soﬁrces that were analyzed. Note, however, that only the LDD
telephone survey targeted a statistically representative population. The results of this survey are

described in ARBY.

An attempt was made to determine whether a noticeable increase in fuel equipment
failures occurred in southern California in 1985, when the low sulfur fuel was first introduced.
(By 1989, only low sulfur diesel fuel was produced in southern California.) The rationale for
this inquiry was that an increase in failures may have resulted in replacement of "aged" fuel
system components and consequent "adaptation” of these components to the low sulfur diesel

fuel. Sources contacted included the staff of the Mobile Source Division of the South Coast Air
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Table 2-6

Geographic Distribution of Reported Fuel-Related Problems in California

Percent of Leaks| Percent of Percent of Reported
-in ARB’s LDD |Leaks in ARB’s|| HDD Problems to CTA
Surveyd HDD Survey | Vehicles® | Cars and Pickups | OtherP?

North and Central 82 39 99 98 100
South 18 3 1 2 0
Missing or Outside of NA® 58 NA NA NA
California
4 Includes ambulances.
b Includes refrigeration units on truck trailers, construction/farm equipment, forklifts, and locomotives.
Z NA = not applicable.

The ARB light duty diesel telephone survey did not include the central California region.

LDD = Light duty diesel
HDD = Heavy duty diesel
CTA = California Trucking Association
References: ~ARB™
ARB"P

Quality Management District (SCAQMD), ARB staff, Automobile Club of Southern California
(through CSAA contact), equipment manufacturers, fleet maintenance shops, and general diesel
equipment repair shops in the south. With two exceptions, there were no recollections of
mechanical problems caused by the low sulfur fuel prior to October 1993. 1In one case.
performance problems were reported by staff at a fuel injection repair shop, who recalled a

higher incidence of underrun, stalling, and low cranking efficiencies of diesel fuel vehicles.

The second case was reported by manufacturer E6, who surveyed fuel system
warranty claims in the period 1989 through 1993. This sufvey indicated that claim rates (as a
percentage of total equipment sold) were 2.9 times higher in southern California than in the
eastern U.S. Most of these warranty claims reportedly involved Stalling problems. (Note that
stalling and underrun problems may be associated with inadequate lubricity of the fuel.)

However, based on the overall outcome of this investigation, it was concluded that there was

2-27
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apparently no unusual increase in reported fuel system leaks after introduction in 1985 of low

sulfur diesel fuel in southern California.

The investigation then established whether fuel composition differences existed
between northern, central, and southern California after October 1993. The data used in this
portion of the analysis consisted of the results from ARB’s fuel testing program, in which over
200 diesel fuel samples from refineries, retail distributors, and truck fuel tanks at inspection

stations statewide were collected in late October and November of 1993.

For the samples taken from retail distributors or vehicles, an analysis of variance
(ANOVA) with the LSD (least significant difference) option was performed to evaluate the
means by sample source (retail or vehicle) and California region (northern/central or southern).
The means for total aromatic content were found to be statistically different with 95% confidence
between the northern/central and southern regions for both retail and vehicle samples, as
summarized in Figure 2-5. The regional difference between the vehicle means is smaller than
for retail distributors. This may be influenced by the fact that some vehicles may have been

fueled in one region but then sampled in the other.

Diesel fuel production estimates for California refineries were used in conjunction
with the laboratory results for the refinery samples taken in late October and early November
as part of the ARB Fuel Testing Program to calculate weighted averages by California region
for various fuel characteristics. Figure 2-5 illustrates the average volume fraction of total
aromatics in fuel collected from refineries in the northern, central, and southemvparts of the
state; the fuel samples were not selected in a statistical manner. Fuel analyses data obtained
from the ARB laboratory and Caleb. Brett (an independent testing laboratory), and refinery
estimates of diesel fuel aromatic contents were weighted by refinery production estimates and
the resulting average values were compared. Data were collected from 12 refineries and
included estimates of quantities of fuel transferred between the two regions to more accurately
reflect the geographic distribution of diesel fuels. Limited conclusions can be drawn from the

magnitude of the differences between California regions due to confounding factors such as fuel
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variability from batch to batch, potential bias in sampiing, and fuel transfer and exchange
agreements. However, the data sets presented in Figures 2-5 and 2-6 consistently indicnte that
by late October, the weighted average (total) aromatic content of diesel fuel was higher in
southern California than in northern California. Total aromatic levels have not been directly

correlated to reported fuel problems, but may serve as an indicator of additional differences in

fuel characteristics.
2.3.2 National Extent of Problems

To investigate the occurrence of fuel-related problems outside of California,
equipment maintenance directors of 10 national fleets were contacted. In addition, U.S. EPA
contact reports of problems, original equipment manufacturer (OEM) fuel equipment sales data

(from manufacturers E3, E4, E9, and C1), and sales data from independent fuel equipment
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component suppliers were analyzed. Much of the information obtained from the trucking fleets
was anecdotal. Only two of the fleet maintenance managers had no reports of fuel-related leaks
or problems nationwide. The remaining anecdotal data from trucking fleets and U.S. EPA
reflected reports of increased fuel equipment failures (for HDD and LDD vehicles) after intro-
duction of U.S. EPA low sulfur diesel fuel nationwide, especially in the north central states of
Ohio, Michigan, Jowa, Indiana, Minnesota, Wisconsin, and Illinois; the southern states of North
Carolina, Texas, Georgia, Arkansas, and Tennessee; and the western states of California,

Oregon, and Montana.

Of the numerical HDD failure data obtained, those from a national trucking fleet
cover fuel-related failure reports from October 1993 to January 1994 and are, therefore, most

current. These data are illustrated in Figure 2-7. Failures were reported across the country.

Diesel Fuel Task Force o 2‘30



-~

Figure 2-7. Fuel Pump Leaks Reported Nationwide by a
National Trucking Fleet (Oct 14, 1993 - Jan 30, 1994)

To represent nationwide fuel-related problems of LDD vehicles, sales data of
nitrile O-rings from passéngqr car manufacturer E9 were used. These data span the 12-month
period between November 1992 and October 1993 for four geographic regions (south, west,
northeast, and north central U.S.). Quarterly sales data, as a percentage of regional sales in the
12-month period mentioned above, are depicted in Figure 2-8. The data plotted in this figure
indicate a dramatic increase for all regions in sales of O-rings during August to October 1993.
Since the U.S. EPA low sulfur and California post-regulation diesel fuels were available as early
as August 1993, the increase in O-ring sales seems to coincide with the introduction of the

reformulated fuel nationwide.

Nationwide pump kit sales data from component manufacturer C1 are plotted in
Figure 2-9. Analysis of these data indicates that pump kit sales increased nationwide by approxi-
mately 90% in 1993 as compared to 1992. By contrast, nationwide pump kit sales increased by
30% in 1992 as compared to 1991. The data plotted in Figure 2-9 indicate that the 1993
increase in pump kit sales was greater than 80% in most parts of the U.S., and that the smallest

increase in sales (approximately' 40%) occurred in the midwest. Again, the significant
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nationwide increase in C1 pump kit sales in 1993 as compared to 1992 coincides with the intro-
duction of the California post-regulation diesel fuels and U.S. EPA low sulfur diesel fuel. (Note
that C1 pumps are used in both LDD and HDD vehicles.)

The above data cumulatively point to ihe occurrence of fuel-related problems
nationwide coinciding with the introduction of post-regulation and U.S. EPA low sulfur fuels.
However, because of a shortage of numerical data from outside of California, the relative
magnitude of these problems outside of California has not been determined. Note that some low
sulfur fuel with reduced aromatics levels has been sold outside of California. Diesel fuel with
aromatic levels as low as 10% was manufactured in Texas and reportedly shipped by pipeline
to the midwestern and eastern U.S. While the distribution of this fuel correlates with reports
of pump leaks, as shown in Figure 2-7, no additional evidence is available to directly connect

this fuel with any fuel system problems.

2.4 ‘ Temporal Nature of Reported Problems

Question 5: What is the temporal nature of the reported mechanical
problems? Are the problems potentially due to the new fuel? Currently, is
the extent of the problems increasing, steady, or decreasing?

Based on historical data, an assessment was made to determine if a significant
change occurred in the failure rate of diesel fuel injection system components after the
introduction of the ARB and variance fuels. These data were collected through the end of
January 1994 to evaluate whether the failure rate currently appears to be increasing, steady, or
decreasing. ' Reports of leaks, repairs, and sales wére provided by trucking fleets, repair shops,
component manufacturers, and parts suppliers. The collected data sets covered California and

the U.S. The most relevant data sets are discussed below.
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2.4.1 National Trucking Fleet

A national trucking fleet that operates over 7,900 vehicles provided daily records
of fuel pump leaks by shop location from October 18, 1993 through January 30, 1994. These
leak data were summarized on a weekly basis, as illustrated in Figure 2-10. These data show
that the number of component leaks that were reported peaked in late October-early November
1993. The failure rate currently appears to remain steady at approximately 20 component leaks
per week. The national trucking fleet reports that, prior to the introduction of low sulfur fuel,

they performed about 13 fuel pump repairs per month (about three per week).
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Figure 2-10. Fuel Pump Leaks Reported - National Trucking Fleet

2.4.2 California Parts Supplier

A maj'or parts supplier for light duty trucks and automobiles provided popular
pump seal and rebuild kit sales data.for California. Annual totals were provided for 1992. For
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1993, total figures were provided for January through September; monthly totals were provided
for October, November, and December. Monthly sales data were also received for January
1994. Figure 2-11 presents all of these data on a monthly basis. The monthly sales totals began
to increase dramatically in October 1993, and peaked in December 1993. Since then, the
monthly sales rate decreased significantly for January 1994, but is still noticeably higher than
the monthly average for 1992 and the first three quarters of 1993.
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NOTE: Scale modified to accommodate large number of sales reported for Manufacturer E4.
These O-rings are normally sold in packs of 100. Sixteen seais are used in each engine.

Figure 2-11. Popular Pump Seal and Rebuild Kit Sales - California Parts Supplier
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243 National Component Manufacturer

Component manufacturer C1 gathered monthly pump kit sales data for 1993.
These data were normalized based on January sales, as illustrated in Figure 2-12. Monthly sales
totals were highest in October, November, and December, with monthly sales consistently

increasing in this timeframe. January 1994 sales data were not available to further assess the

continuing sales trend.

PUMP KIT SALES (Relative to January)

Jan Feb Mar Apr May Jun Ju  Aug Sep Oct Nov Dec

" MONTH

Figure 2-12. Monthly Pump Kit Sales for 1993 - National Component Manufacturer C1

2.44 National Engine Manufacturer

Monthly service sales for O-rings were gathered by component manufacturer E4
for January 1993 through January 1994, as shown in Figure 2-13. Nationwide sales totals began
to 'ncrease dramatically in September, and in October and November reached levels more than
four times the sales volume of the earlier months of 1993. The monthly sales rate has since

decreased, but the January 1994 sales volume was still more than twice the level of January

1993.
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Figure 2-13. Monthly O-Ring Sales - National Engine Manufacturer

2.4.5 Northern California Repair Shop

A northern California repair shop supplied monthly parts sales totals for February
1993 through January 1994 for the same three branch locations. These monthly totals, illu-
strated in Figure 2-14, show that fourth quarter sales for 1993 were clearly higher than earlier

in the year.
2.4.6 Additional Sales Data

Another repair shop supplied records of fuel injection pump kit sales from
September 15, 1993 through January 31, 1994 for one of their northern California locations.
Sales peaked in the November-carly December timeiTame and dropped off in January !

Historical data prior to the introduction of the new fuel were not available for comparison.

A parts supplier for fuel injection pump repair facilities throughout the country
(with most of their customers clustered in the southeastern states) also provided sales data tor

monthly repair kit sales. From February 1993 through January 1994, the highest monthly sales
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Figure 2-14. Northern California Repair Company Sales History (3 branches)

were reported for October and November. Since then, it appears that their overall sale rate has

returmed to normal.

The ARB repair facilities survey database included information to compare the
number of pumps serviced in September-October 1992 and September-October 1993. Numerical
and qualitative data were collected. Although approximately 40% of the responses indicated that

more pumps were repaired in 1993 than in 1992, some repair shops reported fewer pump repairs
in 1993.

2.4.7 Data Limitations

Sales and repair data are indirect indicators of failure rate, and should be
interpreted with caution because of the conflicting factors of stockpiling and back orders.

Stockpiling will tend to overestimate the failure rate, whereas back orders will underestimate the
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failure rate. In general, stockpiling and back orders were not significant issues for HDD
vehicles. Most fleet repair shops had enough parts in stock to cover their repair needs until
additional parts were received from suppliers. Some of the LDD vehicle repair shops
experienced problems with back orders in early October when their business noticeably
increased. Since no new LDD passenger cars have been sold in California from 1988 to 1993,

some shops obtain parts from distant locations, resulting in a delay of one to two days.

More important than the back order of parts was the repair backlog due to a labor
shortage. Most of the repairs required for the reported failures (e.g., seal replacement, fuel
pump rebuild, etc.) take several hours. For economic reasons, many LDD vehicle owners
choose to rebuild rather than replace major components. This option is more labor intensive.
In addition, another confounding factor in the evaluation of sales and repair data is the influence
of preventive maintenance. In general, the data do not allow the assessment of how many

reported sales or repairs were preventive in nature.

2.5 Fuel Formulation and Relationship to Reported Problems

Question 6: Are there any apparent correlations between fuel formulation
differences in samples analyzed thus far, and the reported mechanical pro-
blems? Is there any connection between fuel formulation and the geographic
or temporal distribution of reported problems?

The results from the ARB Fuel Testing Program, the largest data set currently
available on California diesel fuel properties, were analyzed to determine if there are any
apparent correlations between fuel formulation and the reported mechanical problems. In this
program, the ARB collected over 200 diesel samples throughout the state, starting in late
October 1993 and continuing through November 1993. These samples were collected from
refineries, retail distributors, and truck fuel tanks at inspection stations. The truck fuel tanks
may have contained a mixture of post-regulation diesel fuels and U.S. EPA low sulfur diesel

fuel.
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Caleb Brett, an independent testing laboratory, analyzed the fuel samples for
sulfur, total aromatics, polynuclear aromatics (PNA), moisture, peroxides, distillation properties,
acid content, color, and density. The ARB laboratories analyzed the same samples for total
aromatics and PNA. Data analysis performed for the 214 valid diesel samples indicated that the
ranges of total aromatic content were 5.1 to 36.2 vol% as reported by ARB laboratories and 4.8
to 38 vol% as reported by Caleb Brett. (Caution must be used when comparing data from
different laboratories because of the potential variability in test methodologies.) The PNA
content values ranged from 0.1 to 12.4 wt%. Sulfur content in the fuel samples ranged from
0.001 to 0.435 wt% (i.e., 10-4350 ppm). Only eight samples had a sulfur content greater than
the compliance limit of 0.05 wt% (i.e., 500 ppm). Of these eight, four samples were taken that

were known to contain high sulfur (representing pre-regulation or agricultural fuels).

Diesel fuel production estimates from California refineries were used in
conjunction with laboratory results to calculate weighted averages for the refinery samples in the
ARB Fuel Testing Program. For the samples taken from retail distributors or vehicles, an
analysis of vaniance (ANOVA) with the LSD (least significant difference) option was performed
to evaluate data means. The LSD option performs t-tests for all of the specified parameter pairs
one-by-one. The results of the t-tests indicate, with a 95% confidence level, which pairs are

statistically different and which pairs are statistically the same.

The other relevant data set was provided by the CTA. Copies of fuel analyses
prepared by W. Saybolt & Company, Inc. from October through December 1993 were analyzed.
Most of the samples were submitted by companies in northern California. In all, 19 diesel
samples were analyzed for total aromatics, olefins, and saturates. The total aromatic content

ranged from 8.5 to 46.1 volume percent.
2.5.1 Correlations with Mechanical Problems

For the samples taken from vehicles in California, the ANOVA with the LSD
option was performed to evaluate the means by vehicle seal failure (leak/no leak) and California
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region (north or south). The results of the t-tests did not indicate any significant differences in
fuel analysis results between leaking and non-leaking vehicles for any of the fuel characteristics
included in the laboratory results. The lack of direct correlation with mechanical problems may
be influenced by other factors identified by Subcommittee #1, such as differences in elastomer
seal material and "age" of seals. Further, there was no guarantee that the fuel sampled from

vehicles with reported leaks was the same fuel that was in the vehicle when the leak occurred.
2.5.2 Connection with Geographic Distribution of Failures

As previously presented in Section 2.3, the reported rate of seal failures in
California has been greater for the northern part of the state. Estimated diesel fuel production
volume data for 12 California refineries were used in conjunction with laboratory results to
calculate weighted average aromatic content by north/south location for the refinery samples in

the ARB Fuel Testing Program. These findings were previously shown in Figure 2-5.
2.5.3 "Connection with Temporal Distribution of Failures

Unfortunately, fuel analyses data were not available for diesel fuels produced
during the mid-September to late October time period. Performance problems including fuel
system leaks began to appear in late September. Substantial documentation of performance
problems was presented to the ARB at their mid-October 1993 public meeting. Therefore, the
analyses of fuel sample data and how fuel composition may have caused pefformance problems
is limited by lack of definitive analyses of fuels produced during the introduction of post-

regulation diesel fuels in September and early October 1993.

To investigate the connection between fuel formulation and the temporal
distribution of failures, diesel fuel production estimates and average fuel characteristics data were
obtained for pre-regulation (prior to September 1993) and post-regulation (September-October
1993 and November 1993-January 1994) diesel fuels from 12 California refineries. These data,

which included estimates of fuel quantities transferred between California regions, were used to
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calculate weighted averages of the total aromatic content for diesel fuel produced in northern,

central, and southern California.

Figure 2-15 presents the results of this analysis and shows that, before the
introduction of the post-regulation diesel fuels, the average total aromatic content (weighted by
refinery production) was similar in all three regions. The data bounds indicate that the
unweighted aromatic levels range from 22 to 36 vol% prior to September 1993 and from 10 to
35 vol% after the introduction of the post-regulation diesel fuels. In the September-October
1993 timeframe, the weighted average total aromatic content decreased by almost 10 percentage
points in northern California, but decreased by only about 5 percentage points in southern
California. The most dramatic change over this period was in central California, where the
average total aromatic content of diesel fuels dropped by about 15 percentage points. Therefore,
northern and central California experienced a greater change in average total aromatics content
than southern California. This is also true for the change in average sulfur content since pre-
regulation South Coast diesel fuel delivered in southern California already had a maximum limit
of 0.05 wt% sulfur. |
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Figure 2-15. Diesel Fuel Aromatic Content
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3.0 FUEL SYSTEM LEAKAGE TESTING PROGRAMS

Subcommittee #2 of the Task Force met on January 5, 1994 to discuss the poten-
tial causes of seal leakage problems. In the absence of specific identified causes, Subcommittee

#2 selected one potential seal failure mechanism for investigation.

This mechanism involves changes in the swelling of O-ring seals when exposed
to fuels of differing characteristics. Many O-ring designs, particularly O-rings made of nitrile
rubber, swell in the presence of diesel fuel. Considerable evidence shows that changes in fuel
characteristics can lead to reduced swelling of O-ring seals. This reduced swelling, or shrink-
age, of O-rings can lead to fuel leaks, particularly in O-rings that have reduced elasticity due

to age, oxidation, or exposure to high temperatures.

Following the January 5, 1994 Subcommittee #2 meeting, another potential
mechanism worthy of investigation by the subcommittee was identified. This mechanism, which
has been addressed for several years by the petroleum industry, involves the potential for
increased oxidation of the fuel to lead to deterioration of nitrile O-rings. Oxidation of the fuel
forms peroxides, which can lead to hardening of nitrile O-rings. (Note that this potential
oxidation mechanism usually occurs over a period of months.) 'fhis increased oxidation potential
could arise from the fuel manufacturing process used to remove sulfur and aromatic species from
diesel fuel. The manufacturing process of hydrotreating, depending on its severity, can remove
natural inhibitors such as sulfur, nitrogen, and oxygen components from the fuel. To compen-
sate, supplemental additives may need to be added by the refiner to increase the oxidation
resistance of the fuel. If insufficient oxidation resistance is present in the fuel, the potential
. exists for deterioration of nitrile O-rings. Fuel manufacturers have been aware of this issue and

many refineries have been adding oxidation inhibitors to diesel fuels.
Both of these mechanisms are discussed in greater detail in Appendix D. The

testirig programs established by Subcommittee #2 are designed to help determine if a change to

a post-regulation diesel fuel could cause fuel system leaks to develop in some vehicles. These
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test programs are not designed to address the issue of reduced lubricity of the post-regulation

diesel fuels; Section 4.0 contains the Subcommittee #3 report on lubricity issues.

3.1 Elements of Fuel System Leakage Testing Programs

To investigate these two mechanisms, three test programs were established by
Subcommittee #2. The first two programs are examining the mechanism of reduced seal swell.
The third program is examining existing fuel supplies to determine if some fuels are susceptible

to increased oxidation.

The first program will test a variety of older high sulfur, U.S. EPA low sulfur,
and post-regulation diesel fuels, and will examine their effects on O-ring seals. The second
program will attempt to establish if switching from a fuel producing high seal swell to a fuel '
producing low seal swell could cause seal leakage. In the third program, a number of fuel
samples will be collected from existing agricultural storage and retail outlets and tested for their
oxidation stability. The detailed test protocols developed by Subcommittee #2 for each program
are included in Appendix D.

3.1.1 Program #1: Seal Swell Testing of O-Rings

This program will examine the impact of different fuels on O-ring characteristics.
Although the fact that various fuels have different effects on O-rings is well established, the
specific fuel characteristics that cause these differences are not well known. This program
actually includes three individual experiments. In the first experiment, differing types of nitrile
O-rings will be immersed in a variety of diesel fuels, including post-regulation and U.S. EPA
low sulfur diesel fuels. After the O-rings have equilibrated in the fuel (72 hours at 50°C), the
O-rings will be removed and their characteristics measured. The measurements will include
dimensional changes to gauge seal swell, changes in hardness, elasticity, and other

characteristics.
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While the test on O-rings is being performed, the fuels will be ananfzed to
determine their characteristics (including sulfur and aromafics levels, nitrogen content, and
density, as described in Appendix D). The composition of the fuels will be measured using
nuclear magnetic resonance (NMR) and Fourier Transform Infrared Spectroscopy (FTIR). Once
the test results are complete, the data will be analyzed to determine if correlations exist between

the O-ring test results and individual fuel characteristics.

The results of the first experiment will be used to identify four fuels for further
testing in Experiments 2 and 3. The goal of these two experiments will be to measure the
impact of switching from a fuel producing high seal swell to a fuel producing low seal swell.
The four fuels chosen will include the two high sulfur fuels producing the highest and lowest
seal swell changes and the two post-regulation or U.S. EPA low sulfur diesel fuels producing
the highest and lowest seal swell changes. The O-rings will be immersed first in a high sulfur
fuel, then in a post-regulation or U.S. EPA low sulfur diesel fuel. After immersion in each fuel,
the characteristics of the O-rings (swelling and hardness) will be measured. All four possible
combinations of high sulfur and post-regulation or U.S. EPA low sulfur diesel fuels will be

tested.

Experiments 2 and 3 are identical, except that Experiment 2 will use new O-rings
and Experiment 3 will use older O-rings taken from in-service vehicles. The older O-rings are
being tested to determine if they have the same response to the high sulfur and post-regulation

or U.S. EPA low sulfur diesel fuels as new O-rings.
3.1.2 - Program #2: Leak Testing of In-Service Fuel Pumps

This program will attempt to establish in a controlled environment whether
switching from a high seal swell diesel fuel to a low seal swell diesel fuel can cause fuel pumps
to leak. New and used fuel pumps will be obtained and run first on a high seal swell diesel fuel.
then switched to a low seal swell diesel fuel. The pumps will be run on the low seal swell diesel

fuels to see if any leaks occur.
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Thie specific pump type to be used in the test will be a type most commonly repre-
sented in the failure reports being examined by Subcommittee #1. Once the pump type is deter-
mined, 18 used pumps will be obtained from in-service vehicles. These pumps will be chosen
from vehicles that have not suffered fuel leaks, but that are at or near the mileage where leaks
have been reported. The type of vehicle service will also be taken into consideration, since
higher engine temperatures tend to accelerate the deterioration of nitrile O-rings. Six new
pumps will be obtained for use as a control group. The fuels will be chosen based on the results
of Program #1. The two fuels will be the one that gives the highest seal swell results and the

one that gives the lowest seal swell results.

All 24 pumps will be operated for 72 hours while pumping high seal swell diesel
fuel. After 72 hours, 12 of the used pumps and all 6 of the new pumps will be switched to
pumping the low seal swell diesel fuel for an additional 96 hours. The six remaining used
purrips will continue to pump the high seal swell diesel fuel as a control group. The switch to
the low seal swell diesel fuel is intended to determine if the change could directly cause a fuel
pump leak due to seal shrinkage. Any pumps operating on low seal swell diesel fuel that devel-
op leaks will be changed back to high seal swell diesel fuel after 96 hours to determine if the
leaks can be reduced. The change back to pumping a high seal swell diesel fuel is only intended

to establish further the potential interactions between fuel characteristics and seal leakage.
3.1.3 Program #3: Fuel Oxidation Potential Testing

The goal of this program will be to determine if increased oxidation potential 1s
present in field samples of post-regulation diesel fuels. Fuel samples will be collected from
existing agricultural storage tanks and from retail service stations. The fuels will be analyzed
and tested to determine their ability to prevent oxidation. Note that this program is designed to
determine if a potential oxidation problem exists, the program will not directly investigate the
impact of fuel oxidation on O-ring performance. This impact of peroxides on nitrile seals
appears to be well established, although the level of oxidation required to cause O-ring damage

is not known. Complete investigation of the direct impact of diesel fuel peroxide content on
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nitrile seals requires a separate investigation. This could be pursued later based on the results

of Program #3.

In the program, a total of 36 post-regulation and U.S. EPA low sulfur diesel fuel
samples will be collected. They will include 24 samples collected from retail service stations
and 12 samples collected from agricultural businesses. The characteristics of each fuel will be
measured, including peroxide, water, sulfur, aromatics, nitrogen, carbon, and hydrogen levels;
fuel density; aromatic species cohcentration; and distillation curve. While these analyses are
being conducted, long-term tests at elevated temperatures (180 days at 43°C) will be run to

measure the ability of the fuels to resist oxidation.

3.2 Status of the Testing Programs

As of February 15, 1994, the seal swell testing (Program #1) has begun. Fuel
analyses are being conducted at Southwest Research Institute in San Antonio, Texas. iTesting
of O-rings will be conducted at Smithers Scientific Laboratories in Akron, Ohio. Experiment
1 of this seal swell program should require three weeks to complete. Experiments 2 and 3 of
the seal swell program will begin immediately upon completion and analysis of the results from

Experiment 1. Experiments 2 and 3 will require approximately three weeks to complete.

The testing of new and used fuel pumps (Program #2) will begin after the comple-
tion of the O-ring tests. The pump testing will be conducted at the U.S. Army Fuel and
Lubricants Testing Laboratory in San Antonio, Texas. Assuming a start date of mid-March, the

testing of all 24 pumps will require approximately 12 to 15 weeks to complete.

The fuel oxidation sampling and test program (Program #3) is currently underway.
Fuel samples are being collected from agricultural and retail sources. Collection of the samples
will be completed by early March. Completion of the full oxidation potential test requires six

months.
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3.3 Subcommittee #2 Recommendations on the Fuel System [eakage Prdblem

Recommendations from Subcommittee #2 depend on the completion of the testing
programs described in Section 3.1. In the interim, Subcommittee #2 encourages pump and
engine manufacturers to continue their ongoing investigations into the compatibility of elastomer

materials with the post-regulation diesel fuels.
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4.0 LUBRICITY AND OTHER PERFORMANCE CONCERNS

Diesel fuel functions as a lubricant to the moving components in many types of
fuel injection equipment. The lubricating quality of diesel fuel is particularly important in rotry
distributor injection pumps and unit injectors. Use of diesel fuels with inadequate lubricating
capability can lead to premature wear, resulting in potential performance degradation, including

fuel system seizures.

"Hydrotreating" (i.e., reaction of intermediate petroleum products with hydrogen)
is used by refineries to reduce the sulfur and aromatic contents of diesel fuel. This process,
which reduces trace components such as oxygen- and nitrogen-containing compounds and
polycyclic aromatics, can result in reduced fuel lubricity. Therefore, if hydrotreating of diesel
fuel is severe enough, it may result in a fuel with a low lubricity level, thus leading to excessive
equipment wear and premature failure. Catastrophic failures associated with use of low sulfur/
low aromatic diesel fuel were first observed in Sweden in 1991, when diesel ’fue-ls with very low
sulfur and very low aromatic vlevels were introduced. The problems were rectified by adding
lubricity-enhancing additives to fuels exhibiting low lubricity characteristics. Addition of
excessive quantities of certain lubricity additives can in itself lead to other problems, such as

g.um formation in lube oil and oil and fuel filter plugging.

Historically, there have been no perceived lubricity problems with high sulfur
diesel fuels in the U.S. However, fuel injection equipment manufacturers, fuel users, and fuel
suppliers have expressed concern regarding the reduced lubricity characteristics of some post-
regulation diesel fuels. Numerous diesel equipment operators have also expressed concerns with

increased fuel consumption.
Regarding lubricity concerns, the objectives of Subcommittee #3 were twofold:

1. To ensure equipment protection in the interim period before universal
lubricity test methods and standards are established by technical societies;
and
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2. To restore consumer confidence in the lubricity potential of the reformu-
lated diesel fuel. ' :

4.1 Ongoing Lubricity-Related Activities

The concern over refdrmulated diesel fuel No. 2 has been the subject of a number
of activities at technical groups and societies such as the Society of Automotive Engineers
(SAE), the American Society for Testing and Materials (ASTM), and the International
Organization of Standardization (ISO).

The ISO group, in cooperation with the Coordinating European Council (CEC),

| is in the process of defining laboratory bench tests to evaluate the lubricity characteristics of
fuels and additives. A survey of proposed test methods was conducted. Four methods were
selected as the most practical and relevant for use in a round-robin testing effort. These test

methods and their respective sponsors are as follows:
o Modified Ball-on-Cylinder Lubricity Evaluator (BOCLE) test by the U.S.
Army;
o A second modified BOCLE test by the Lubrizol Corporation;
. Ball on Three Seats (BOTS) test by the Falex Corporation; and
o High Frequency Reciprocating Rig '(HFRR) test by the Paramins

Technology Division of Exxon Chemical Ltd.

A test matrix including 12 fluids was designed. Effects of viscosity, sulfur
content, processing severity, and additives were considered. All fuels were collected and
shipped to test participants around the world. Test participants consisted of fuel suppliers,

equipment manufacturers, additive suppliers, and independent test laboratories.

Several participants will use larger amounts of the same fuels and conduct in-

house full-scale injection equipment tests. The goal of the ISO program is to generate sufficient
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data from these test methods and the equipment performance tests to select a single test method
as the universal method for determining diesel fuel lubricity. The group also aims to produce
sufficient information to define a minimum lubricity level to protect fuel delivery system
components. The results of this study should become available within the next 12 months. A

minimum of two years will be required to develop and approve an ASTM lubricity standard.

Discussions between the Engine Manufacturers Association (EMA) and the
American Petroleum Institute (API) are in progress on various diesel fuel-related issues,
including lubricity of highway diesel fuel No. 2, with the objective of developing suitable
lubricity specifications. Recently, the EMA proposed a preliminary recommendation of a
minimum BOCLE scufﬁng load capacity of 3,300 grams (g), below which there ould be a
concern for fuel lubricity. A diesel fuel task force at ASTM has also been addressing lubricity
issues. ASTM will be in a position to consider a lubricity specification for inclusion in D 975 ;

the Standard Specification for Diesel Fuel Oils, as soon as a test method has been identified.

4.2 Fuel Economy Issues

The hydrotreating process that reduces the diesel fuel sulfur and aromatic levels
can also lead to reduced fuel density. The reduced density in turn may lead to reduced fuel
economy. This issue was anticipated when the reformulation requirements were being
considered and was discussed in public hearings held by ARB on the proposed regulations for

diesel fuel.
Since the Diesel Fuel Task Force was directed by the Governor to address

potential mechanical damage caused by the new diesel fuel, the issue of reduced fuel economy

was not addressed further by Subcommittee #3. .
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4.3 Conclusions and Recommendations

Regarding the lubricity of the post-regulation diesel fuel No. 2 in California,

Subcommittee #3 recommends that;

Diesel Fuel Task Force

Interim steps be taken prior to establishing an ISO test method/ASTM
lubricity specification to ensure equipment protection and to restore
consumer confidence in the lubricating potential of the post-regulation
diesel fuels. '

Petroleum manufacturers monitor diesel fuel lubricity using the U.S.
Army modified BOCLE test or other appropriate tests to determine the
lubricity level of the fuel.

Petroleum manufacturers maintain pre-regulation lubricity levels or add
lubricity-enhancing additives to diesel fuel with a BOCLE scuffing load
capacity of less than 3,000 g, with due regard to recommendations of
additive suppliers. This interim recommended action reflects the view of
Subcommittee #3 and is not intended to be a lubricity guideline, standard,
or specification.

Equipment owners seek the advice of equipment manufacturers prior to
adding any additives or oil to diesel fuei. Addition of used oil to diesel
fuel in California is a violation of the California hazardous waste regula-
tions.
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ESTIMATED PRODUCTION OF ON-ROAD DIESEL FUEL

IN CALIFORNIA BY FUEL TYPE

September 1993 - ~ November 1993 -
Fuel Type October 1993 January 1994
< 10 % aromatics 12% . 36%
Equivalent alternative | 12% 13%
formulations
Temporary California low sulfur - 40% 18%
Small and independent refiner 36% 33%

Since September 1993, a number of fuels of varying characteristics have been

present in the California market. The following definitions are referred to in the above table:

Diesel Fuel Task Force

High sulfur diesel fuel. This pre-regulation fuel was available for sale
in California prior to the October 1, 1993 regulation. A large majority
of these fuels typically have sulfur levels of approximately 0.30 percent
by weight (wt%) and typical aromatics levels of 30%, with most fuels
in the range of 20-40% aromatics. In October 1993, an emergency
exemption was granted allowing the sale of high sulfur diesel fuel for
off-road use in California for 45 days and its transfer into off-road
vehicles for 120 days.

Pre-regulation South Coast diesel fuel. As early as 1985, diesel fuel
with a maximum limit of 0.05 wt% sulfur was sold in the greater Los
Angeles area. This fuel was very similar in sulfur and aromatics levels
to the current U.S. EPA low sulfur fuel.

U.S. EPA low sulfur diesel fuel. This fuel was mandated for use in
on-highway vehicles on October 1, 1993. The fuel must meet a
maximum 0.05 wt% limit for sulfur content, and a minimum 40 cetane
index or maximum 35% aromatics by volume (vol%). This fuel has
the same characteristics as the "temporary California low sulfur" fuel
defined below. However, the term "U.S. EPA fuel" will be used in the
report when referring to on-road diesel fuel used outside of California.

Low sulfur/reduced aromatics diesel fuel. These fuels are mandated by
the October 1, 1993 Air Resources Board (ARB) régulation and fall
into one of three classes, depending on aromatics content (as measured



in volume % [vol%]). All three classes limit maximum sulfur levels to
0.05 wt%. The three classes are:

— Less than 10 vol% aromatics fuel. Note that aromatics levels
can be averaged within a refinery’s production. Therefore,
some fuels in this class may exceed 10 vol% aromatics, while
others may be well below 10 vol% aromatics.

— Alternative formulations that have been shown through testing to
produce emissions equivalent to a 10 vol% aromatics fuel. Cur-
rently, aromatic levels of this class typically range from 15
vol% to mid-twenty percent.

— Small and independent refiner exempt fuel. These fuels must
meet a 20 vol% aromatics limit. As with the less than 10 vol%
aromatics fuels, this 20 vol% aromatics limit can be achieved by
averaging of production.

. Temporary California low sulfur diesel fuel. To ensure adequate fuel
supplies during the transition to the post-regulation diesel fuel, some
temporary variances were granted by ARB for refineries to produce and
distribute fuel meeting U.S. EPA low sulfur diesel fuel specifications
for on-highway diesel fuels. In addition, small refiners were allowed
one-year exemptions from the requirement to produce 20 vol%
aromatics fuel. However, these fuels from small refiners must still
meet U.S. EPA low sulfur diesel fuel specifications, including the 0.05
wt% sulfur limit. The aromatics level is not subject to the 10 vol%
limit and typically ranges from 25 vol% to 35 vol%.

The fuels present in the on-road California diesel fuel market since September 1993, have
included low sulfur/reduced aromatics diesel fuel and temporary California low sulfur diesel

fuel.
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APPENDIX D

TESTING PROTOCOLS AND POTENTIAL MECHANISMS
FOR O-RING LEAKAGE






1.0 SWELL TESTING OF FREE O-RINGS

1.1 Hypothesis

Certain post-regulation diesel fuels cause O-rings accustomed to high sulfur

fuel to shrink.

1.2 Goal

Determine the swelling behavior of O-rings as it is influenced by O-ring

material, O-ring age, and fuel composition.

1.3 Testing Approach

Three experiments will be performed.

1) New O-rings will be immersed in a wide variety of diesel fuels.
including high sulfur fuels, U.S. EPA low sulfur fuel, and post-
regulation fuels. The changes in seal characteristics, including
dimensional changes and hardness changes, produced by each
diesel fuel will be measured.

2) New O-rings will be immersed in a high seal swell diesel fuel
and then in a low seal swell diesel fuel. O-ring dimensions and
characteristics will be determined before and after each immer-
sion to define any differences caused by the fuel change.

3) Used O-rings, taken from in-service vehicles, will be immersed
in high seal swell diesel fuels and then in low seal swell diesel
fuels. “O-ring dimensions and characteristics will be determined
before and after each immersion to define any differences
caused by the fuel change.

Experiment 1: The O-ring characteristics for five new O-rings immersed for
70 hours at a temperature of 50°C + 2°C in each of the selected diesel fuels will be

measured by the American Society of Testing and Material (ASTM) Designation Di4i4 —
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Standard Methods of Testing — Rubber O-Rings. Characteristics to be evaluated include
dimensions (inside diameter, outside diameter, and cross section), volume change, hardness,

modulus, tensility, and elongation.

Experiment 2: The change in O-ring characteristics for new O-rings that are -
equilibrated for 70 hours at 50°C + 2°C in a high sulfur diesel fuel and then immersed at
the same temperature for 70 hours in a post-regulation or U.S. EPA low sulfur diesel fuel
will be measured using procedures defined by ASTM D1414. Based on the results of
Experiment 1, a subset of fuels will be used for this experiment. Four commercial No. 2

diesel fuels will be selected from Experiment 1 to reflect the extremes of seal swell

performance:
. High sulfur fuel that results in the highest seal swell;
. High sulfur fuel that results in the lowest seal swell; |
. Post—fegulation or U.S. EPA low sulfur diesel fuel that results in the
highest seal swell; and
. Pbst—regulation or U.S. EPA low sulfur diesel fuel that results in the

lowest seal swell.

These fuels will be selected based upon dimensional changes rather than other
characteristic measurements. The O-rings will be tested in a 2-by-2 matrix to evaluate their
response to each high sulfur diesel fuel and each post-regulation or U.S. EPA low sulfur

diesel fuel.

The same measurements as for Experiment 1 will be taken on three occasions:
for each new O-ring, after immersion in a high sulfur diesel fuel, and after immersion in a

post-regulation or U.S. EPA low sulfur diesel fuel. Each test will use five O-rings.

Experiment 3: The change in O-ring characteristics for used O-rings that are

equilibrated at 50°C + 2°C for 70 hours in a high sulfur diesel fuel and then immersed at
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the same temperature for 70 hours in a post-regulation or U.S. EPA low sulfur diesel fuel
will be measured using procedures defined by ASTM D1414. The same fuels from
Experiment 2 will be tested in the 2-by-2 matrix design. The same measurements as for
Experiment 1 will be taken on three occasions: for each used O-ring as received, after
immersion in a high sulfur diesel fuel, and after immersion in a post-regulation or U.S. EPA

low sulfur diesel fuel.

O-Ring Types

New standard nitrile and high-acrylic acrylonitrile O-rings will be obtained
from a single lot. Used O-rings will be obtained from diesel repair facilities in northern
California. Only O-rings with known history (seal type, engine origin, engine mileage,

engine model year, and type of engine use) will be selected.
Fuels

No. 2 diesel fuels will be obtained from four sources for Experiment 1 (listed
below). Radian will provide a sample submittal form. This form-will be filled out by each
of the sample suppliers for each of the individual samples and submitted to Radian with the
sample. All samples will be sent to Radian (at a location to be determined) for storage,

analysis sample aliquotting, and sample number assignment.

° Major producers of California diesel fuels (ARCQ, Chevron, Texaco,
Unocal, Tosco, and Ultramar) will be requested to provide 2-liter
samples of all No. 2 diesel fuels currently in production for sale in
California. Samples of U.S. EPA low sulfur diesel fuel will also be
requested. Two-liter samples of high sulfur diesel fuel will also be
provided.

. California ARB will provide diesel samples from their current stock.
Since each sample has a volume of 1 liter or less, the amount of sample
available may dictate the amount of seal testing and fuel analyses that
may be conducted.
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. The California Trucking Association (CTA) will provide up to 10
samples of diesel fuel believed to be high sulfur formulations. These
will be supplied in 2-liter quantities. Radian will supervise collection
of the samples.

. Due to the apparent influence of the hydrotreating process on seal swell
performance, an attempt will be made to obtain samples of low aroma-
tics fuel that have similar total aromatics levels, but that reflect
differing levels of hydrotreatment. The source of these fuels has not
been identified.

Four commercially available hydrocarbon solvents (Exxsol D-110, Aromatic
200, Isopar M, and Norpar 15 from Exxon Chemical), which all boil in the middle of the
diesel boiling range, will be used to examine changes in O-ring characteristics produced by
varying organic liquid structure over a wide range, and to help establish outer bounds of seal

swell performance.

Automatic transmission fluid (ATF) is being used by many diesel engine
owners as a fuel additive to prevent perceived lubricity problems when using the post-
regulation diesel fuels. However, the impact of ATF as a fuel additive on seal swell
performance 1s not known. Four commercially available ATFs will Be tested in Experiment
1 as 100% ATF (i.e., not blended into diesel fuel). The four fluids will reflect Dextron and

Type F formulations from two national brands.

O-Ring Test Procedures

All testing will follow specifications as defined in ASTM D1414, which
describes methods for determining the physical properties of O-rings and changes to the pro-
perties due to aging. ASTM D1414 references a number of other ASTM Designations,
including D471 - Test Method for Rubber Property - Effect of Liquids; D1415 - Test Method
for Rubber 4Property - Intérnational Hardness; D2240 - Test Method for Rubber Property - .

Durometer Hardness; and D395 - Test Methods for Rubber Property - Compression Set.
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Reducing test variability is an important consideration in these procédures, To
reduce the experimental error, each test combination of new O-ring and fuel will be tested
using five O-rings. All tests will be conducted at the same laboratory, and each measure-
ment (dimensional change, hardness, compression set, etc.) will be performed by the same
individual.

Fuel Inspections for Characterization

The fuels that are being used for O-ring testing will be inspected to determine
their general characteristics (listed below) at the same time that ASTM D1414 testing is

underway.

° API gravity, by ASTM D287 to determine fuel density.

. Carbon (%), by combustion; hydrogen (%), by combustion; sulfur
(ppm), by ASTM D2622 (X-ray fluorescence); and nitrogen (ppm) by
Antek to measure elemental composition.

. Peroxide number, by ASTM D3703.

. Aniline point (°C), by ASTM D611; refractive index, by ASTM
D1218; hydrocarbon type (%), by ASTM D5186 (supercritical fluid

LC) to measure general aromaticity.

. Distillation curve, by ASTM D86 to measure the fuel boiling curve.

Many of these inspections have already been performed on the ARB fuel samples. To

conserve the limited samples, these tests will not be repeated on the ARB-supplied fuels.

Fuel Analyses for Composition/Functionality
It is quite possible (even likely) that the fuel inspections listed above cannot be

used to clearly predict the swelling behavior of O-rings. Since fuel inspections for

characterization may not be able to establish a solid connection between the O-ring swell and
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the fuel inspections, two or more of the following more d;:tailed measures of fuel chemical

structure will be used:

. Gas chromatography/mass spectrometry (GC/MS) or similar type of
analysis;
. BC Nuclear Magnetic Resonance (NMR);

. 'H NMR; or

o Fourier Transform Infrared Spectroscopy (FTIR).

In particular, NMR and FTIR have been used successfully to predict bulk
diesel fuel properties, such as cetane number. Both types of analyses give detailed chemical

information about the aromatic and aliphatic constituents in fuel molecules.

Schedule for Testing

° January 18: Final Test Protocol distributed to Subcommittee #2
members.

o February 21: Experiment 1 begins.

. March 10: Experiment 1 complete. Data submiited to Radian for
analysis. ‘

. March 15: Experiments 2 and 3 begin.
° March 28: Experiments 2 and 3 complete. Data sent to Radian for

analysis.

Fuel inspections and analyses will begin when the fuels are received by the

laboratory.
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2.0 SWELL TESTING OF IN-SERVICE O-RINGS IN PUMPS
2.1 Hypothesis

The majority of fuel pump O-ring failures are caused by a shrinkage of aged
O-rings, which no longer have sufficient "reserve" resiliency to maintain contact with the

sealing surface to prevent leaks.

2.2 Goal

Determine if a large fraction of fuel pumps, which have been in service long
enough that their O-rings have a high degree of compression set, will leak when the fuel is
switched from a high seal swell diesel fuel to a low seal swell diesel fuel. Specifically, we
want to determine if the fuel switch is all that is needed to cause a non-leaking pump to
begin leaking. In-service pﬁmps will be run on the high seal swell diesel fuel and the low

seal swell diesel fuel to see if O-ring failures occur.

2.3 Testing Approach

Older, but still in-service, fuel pumps will be operated on a high seal swell
diesel fuel on the bench. After a test period of 72 hours, those pumps that do not exhibit
leaks will be switched abruptly to a low seal swell diesel fuel. The number of pumps leaking
after 96 hours of operation on the low seal swell diesel fuel will be recorded at the end of
testing. All tests will be performed with fuels at a temperature characteristic of the operating
temperature of individual fuel-injection pumps. Each 24-hour segment of pump testing will
be made up of 8 hours of pump operation at operating temperature followed by 16 hours of
no operation at room temperature. The leak rating (as defined by Attachment 1 - Cummins
Engineering Standard 16312) will be determined at the beginning and end of each 8-hour

pump operation period.
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Any pump that develops a leak while operating (leakage class 2 or g‘reater)
after 96 hours on low seal swell diesel fuel will be switched back to the high seal swell diesel
fuel for 72 hours to see if the use of high seal swell diesel fuel will reduce the leak. The
change back to pumping a high seal swell diesel fuel is only intended to establish further the

potential interactions between fuel characteristics and seal leakage.

Two control groups will be used. The first control group will be new pumps
tested following the same procedure with the high seal swell and low seal swell diesel fuels.
The second control group will be older, in-service pumps operated on high seal swell diesel

fuel and not switched to low seal swell diesel fuel.
Pumps

The CTA will locate 18 pumps of the same make from in-service vehicles and
6 new pumps for testing. Six of the 18 in-service pumps will be used as a control group.
The six new pumps will be uséd for the other control group. The results of the
Subcommittee #1 findings will be used to select the pump type with usage histories that are
most prone to seal leakage. Pumps that are already leaking wil_l not be selected. Pumps that
are known to have been re-built at any time also will not be selected. Radian will create a
pump documentation form that will be completed befére a pump is removed from the

vehicle.
Fuels

Based on results of Experiment 1 of the Swell Testing of Free O-Rings, one
high seal swell diesel fuel and one low seal swell diesel fuel will be selected, based on the
swell exhibited by the different fuels and the availability of the fuels. Note that
approximately 55 gallons of fuel for each pump are normaily used for this type of test.
While it may be possible to use less than 55 gallons of fuel for each pump without affecting

the results, the selection of fuels may be influenced by fuel availability. Ideally, sufficient
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quantities of a high seal swell diesel fuel and a low seal swell diesel fuel with a large

difference in percent swell between them can be obtained.

Schedule for Testing

The pump testing will be conducted by the U.S. Army Fuel and Lubricants
Testing Laboratory in San Antonio, Texas. Some time must be allocated for configuration of
the test facility to operate the pumps in a controlled manner. This will proceed while the
bench testing of free O-rings is in progress. Selection of pumps can begin immediately. The

two test fuels will be selected based on the results of the first phase of the free O-ring

testing.
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3.0 SAMPLING AND ANALYTICAL PROTOCOL TO INVESTIGATE
OXIDATION RESISTANCE OF POST-REGULATION DIESEL FUELS

In processing diesel fuel to reduce the sulfur and aromatic content via
hydrotreating, components of the fuel that inhibit oxidation may also be reduced, rendering
the fuel less stable. This could lead to increased formation of sediments, gum deposits, and

peroxide that may damage O-rings and other fuel system elastomeric components.

The objective of this testing program is to determine whether increased
oxidation potential of the diesel fuels currently available in California exists. Diesel fuel

samples will be collected and analyzed as follows:

. Fuel Characteristics - typical fuel characteristics (e.g., specific
gravity, carbon content, sulfur content) will be measured and reported.
These data will serve as indicators of fuel anomalies and facilitate
comparison with other fuel analytical data.

. Fuel Performance - properties of the fuel (e.g., peroxide content,

sediment quantities) will be monitored over time to evaluate long-term
fuel stability characteristics.

Additional details of the test program are identified below.

3.1 Technical Approach
3.1.1 The Sampling Program

A total of 36 fuel samples will be collected from two primary sources: storage
tanks at agricultural facilities (12 samples) and retail service stations (24 samples). The
sampling matrix will be designed to include samples of die_sel fuel that are from large and
small refiners, are representative of most areas of California, and meet ARB specifications
for sﬁlfur and aromatic content. Samples of high sulfur fuels will be included for

COMPparison purposes.
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Fuel samples at each location will be collected in 1-gallon epoxy-lined steel

cans and sealed for shipment. All of the fuel samples will be inerted using nitrogen

sparging. The following data will be collected to document the identity and condition of the

collected samples:

Location of sample (business name, type of business (retail or
agriculture operation), city, zip code);

Name and location of fuel supplier;

Type of fuel used to fill tank (post-regulation fuel, temporary California
low sulfur fuel, U.S. EPA low sulfur fuel, or high sulfur fuel);

Date tank was last filled;
Amount of fuel added at last filling of tank;

Use of any fuel additives (including automatic transmission fluid, used
engine oil, or commercial additive);

Storage conditions (fuel temperature, approximate quantity of fuel in
the tank, aboveground or underground tank, size of tank, age of tank,
general condition of tank, and existence of water trap or recirculation
system);

Results of previous analyses performed on this fuel (if available).

When possible, written documentation of the above information will be collected.

3.1.2 The Analytical Program

The following fuel characteristics will be determined for each of the samples:

Diesel Fuel Task Force

API specific gravity, by ASTM D287,

Carbon (%), by combustion;

Hydrogen (%), by combustion;

Sulfur (ppm), by ASTM D2622 (X-ray fluorescence);



. Nitrogen (ppm), by Antek;
e Peroxide number, by ASTM D3703;
¢ °  Aniline point (°C), by ASTM D611;
. Refractive index, by ASTM D1218;
. Hydrocarbon type (%), by ASTM D5186 (supercritical fluid LC);
. Distillation curve, by ASTM D86; and
° Water content, by ASTM D1744.

Performance tests will also be conducted on the fuel samples to determine the stability of the
fuel. Color (by ASTM Method D1500), sediment content, oxidation potential (by ASTM

D4625) will be determined on the samples as received.

The samples will then be stored in a sealed container at a temperature of 43°C
for approximately 180 days. Aliquots of the fuel samples will analyzed for the above
parameters at intervals of 30, 60, 90, 120, 150, and 180 days to assess changes in fuel

stability characteristics.
3.1.3 Reporting

Following the completion of the sample analyses, Radian will prepare and
submit a draft report to the Diesel Fuel Task Force (Subcommittee #2). The report will
summarize the results of the study and will contain relevant supporting documentation (e.g.,

sample collection records and chain-of-custody forms).
3.2 Schedule and Staff

The fuel oxidation sampling and test program is currently underway. Sample
collection will be completed by early March. Fuel characterization tests will be completed
approximately one to two weeks following sample submittal; the fuel performance tests will
require six months to complete, depending upon fuel characteristics. Our draft report will be

submitted approximately one to two weeks after the analyses are completed.
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Sample collection will be performed by Radian; staff members from each of
our California offices will be used to save time and costs. Fuel analyses and pérformance
tests will be conducted at Southwest Research Institute, San Antonio, Texas. Radian will

compile and review the results of the analyses and prepare a report summarizing the data.
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4.0 POTENTIAL MECHANISMS FOR O-RING LEAKAGE

Nitrile rubber O-rings are used to create a seal between two metal surfaces in
many diesel fuel-injection pumps. Leakage of diesel fuel from injection pumps can be
caused by seal failure. Different mechanisms that can contribute to seal failure are discussed
below. The discussion begins with a review of the mechanism by which O-rings seal two

mating parts.

O-rings are toroid-shaped seals made of a resilient, elastomeric material and
are available in many different sizes and compositions. O-rings are used to seal two parts
that may be stationary or moving with réspect to each other. Often, one of the parts has a
smooth, flat surface for the O-ring to seal against. The other part typically has a machine-

cut, rectangular, cross-sectional groove, known as a gland, designed to fit the chosen O-ring.

In diesel fuel-injection systems, the designed size of the groove takes info
account expected changes in O-ring dimensions when the O-ring is put into service, since the
dimensions of the in-service O-ring may change slightly upon exposure to diesel fuel. The
depth of the groove is shallower than the natural thickness of the O-ring so that when the

O-ring is sandwiched between the two parts, its cross-section is compressed.

This compression of the resilient O-ring material provides a constant force
against the sealing surfaces, so liquids cannot escape through the joint between the two parts.
Over time, however, O-rings may take on the form of the groove in which they are fit. This
phenomenon, which is referred to as a "compression set," is accompanied by hardening and
reduced resiliency of the O-ring material. Any mechanism that reduces the long-term resis-
tance to compression or memory of the O-ring material can weaken the force against the

sealing surfaces, potentially leading to a leak in the connecting joint.

O-ring memory and other physical properties depend on the physical and
chemical properties of the O-ring material. In diesel fuel-injection systems, three O-ring

materials are commonly used: standard nitrile (NBR), fuel-resistant nitrile, and fluorocarbon
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elastomers.  Although O-rings made of these three materials are visually indistinguishable,

they differ in properties and cost and are, therefore, used in different applications.

The standard nitrile O-rings are frequently used in diesel fuel-injection pumps.
Nitrile is a polar rubber that is made by copolymerization of acrylonitrile with butadiene.
Standard nitrile rubber, with an acrylonitrile content of about 30 weight percent (wt%),
provides good compression set resistance, high resilience, and adequate resistance to swelling
when in contact with nonpolar solvents. However, standard nitrile may actually swell more

when in contact with polar fluids such as diesel fuel with a high aromatic content.

With increasing acrylonitrile (ACH) content (up to a maximum of 45 wt%),
the cohesive energy and tensile strength of nitrile increases. The increased ACH content
increases the resistance to swelling, especially in nonpolar, low-cohesive-energy-density
solvents, but gives poorer low temperature properties. This high acrylonitrile content
polymer is referred to as a "fuel-resistant” material and is more expensive than standard

nitrile.

Highly saturated nitrile (HNBR) also has higher resisfance to swelling, as well
as significant in-heat resistance due to the elimination of most of the unsaturation present in
conventional nitrile elastomers. The same is true of fluorocarbon elastomers, where the high
thermal stability and oil/chemical resistance are due to the high ratio of fluorine to hydrogen,
the strength of the carbon-fluorine bond, and the absence of unsaturation. The choice of

fillers and additives also affect elastomer properties.

In summary, standard nitrile is lower priced, has high resilience, and good
compression set resistance but swells more when in contact with some diesel fuels. Fuel-

resistant nitrile and fluorocarbon elastomers are more resistant to swelling.

The failures experienced in diesel engines in California that have been
attributed to the new diesel fuel have been confined to nitrile O-rings. The loss of resiliency

in nitrile O-rings is governed primarily by exposure to high temperature and oxygen.
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Normal aging of O-rings consists of slow, long-term oxidation of the polymer structure and
is affected by the length of service time, operating temperatures, and exposure to oxygen.
Higher temperatures or increased exposure to oxygen or oxygenated compounds can promote

oxidation and hardening of the O-ring.

Work by Subcommittees #1 and #2 have identified two potential mechanisms
leading to O-ring failures. The first mechanism may be caused by a change in the swell
volume of the O-ring as a result of switching from diesel fuel with a higher polarity to diesel
fuel with a lower polarity. Swelling of nitrile O-rings varies as the composition of aromatic
species and other polar compounds vary in diesel fuel. The influence of individual fuel

species on the swelling of nitrile O-rings is not well understood.

Itis posthlated that when standard nitrile O-rings are immersed in the low
polarity fuel, they swell to a smaller degree than when they are immersed in a higher
polarity fuel. Therefore, an in-service standard nitrile O-ring that has been eprsed only to
high aromatic (higher polarity) diesel fuel may shrink when a switch to the low aromatic
(lower polarity) diesel fuel is made. If the O-ring has sufficient reserve memory, the seal
strength will be maintained. However, if the O-ring has lost too much rﬁemory, the seal
stfength will weaken and the fuel will begin to leak. The "aging" of an O-ring, as well as

exposure to low ambient temperatures, can lead to a loss of O-ring material resiliency.

The second mechanism for seal failure may be caused by accelerated oxidation
of the O-ring material. Oxygen from any source can result in oxidation and accelerated
aging of the O-ring. Regular diesel fuel contains a small amount of dissolved oxygen.
However, experience with jet fuel development indicates that severe hydrotreating of fuel,
which removes natural antioxidants such as amines, can produce a chemical environment in
the fuel that is conducive to the formation of peroxides over time (usually over a period of
months). These peroxides can be an additional source of fuel oxygen, which can accelerate
the aging of elastomers used in the fuel equipment system. Accordingly, jet fuels use
additives that prevent or delay the formation of peroxides. Depending on the level of

processing used for a given fuel, some of the hydrotreated diesel fuels may be more prone 1o
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the formation of peroxides than traditional diesel fuels. Therefore, aged O-rings may
undergo accelerated oxidation when in contact with some‘hydrotreated diesel fuel, if that fuel
does not contain sufficient oxidation resistance. Seal failures caused by accelerated oxidation
would typically be accompanied with hardening and cracking of the seal material since

oxidation results in cross-linking and hardening of the nitrile rubber.

Long-Term Effects

It is difficult to predict how O-rings will be affected in the long term by the
use of reformulated diesel fuel. The use of post-regulation diesel fuel may actually be
beneficial for O-ring longevity. For example, the presence of sulfur in the fuel can promote
cross-linking and hardening of nitrile rubber. Lower levels of sulfur in the new fuels reduce
this process. Also, reduced levels of aromatics and other trace compounds reduces the
swelling of the O-ring material. The reduction in seal swell will reduce the rate of compres-
sion set. Conversely, increased swelling enhances the sealing force afforded by the O-rings,

and removal of natural antioxidants can result in accelerated oxidation of the O-ring material.

At this early stage, it is unclear which of these effects is more important in
determining the service life of O-rings and seals. (Although sufficient data are not available
to reach a definitive conclusion, anecdotal information from southern California, where low
sulfur diesel fuel has been used since 1985, indicate that low sulfur/low aromatics diesel

fuels may actually be beneficial for fuel-injection system longevity.)

Fuel Line Leaks

Reports of fuel line leaks were prevalent among the light duty fuel-related
failure reports evaluated by Subcommittee #1. Various descriptions of the failure profile
were given. These can be generalized into four failure types: hoses that became brittle and
“cracked,” hoses that became loose and ieaked at the connections, hoses that softened, and

hoses that leaked along their full length.
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According to elastomer experts who were contacted, these fuel lines have inner
tubes that are generally made out of the same material as the rubber seals and O-rings, but
may contain more filler and plasticizer. In particular, standard nitrile and chlorinated

polyethylene elastomers were mentioned.

California’s diesel passenger cars are commonly between 9 to 16 years old,
with an average age of 12 years. The older age of rubber components is indicative of more
prolonged exposure to oxidizing agents and temperature variations. As mentioned above,
such aged components are more susceptible to accelerated rates of oxidation when in contact
with the post-regulation diesel fuel. Note that when in contact with certain elastomers other
than nitrile, oxidants can break polymeric bonds, thus resulting in softening of the rubber.
Conversely, oxidants can induce more cross-linking of polymeric chains in nitrile elastomers,
resulting in hardening of the material. As mentioned above, both softening and hardening of
failed fuel hdses have been reported. Reports of cracked and hardened/softened fuel hoses
with full length fuel leakage may be indicative of accelerated oxidation of the hose material.
However, a thorough examination may be required to distinguish a hose that failed due to
accelerated oxidation from a hose that is at the end of its service life. Knowledge of the

chronological age of the hose and its service conditions is important in this evaluation.

Note that such rubber fuel hoses are only used in low-pressure applications,
such as in the fuel systems of light and medium duty vehicles. According to one source, fuel
system return lines in heavy duty vehicles are reinforced with a steel mesh to provide
durability in high-pressure applications.

Reference

Rodriguez, F., 1982. Principles of Polymer Systems (2nd Edition). McGraw-Hill, New
York, NY.
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EXECUTIVE SUMMARY
As part of an effort to evaluate the experiences of California growers who are
using "post-regulation” (PR) diesel fuels, grower interviews were conducted by the
Center for Irrigation Technology, CSUeFresno. A total of 1078.phone calls were
made to growers in four California counties. The selected counties of Fresno,
Kern, Monterey, and Yolo represent broad geographical and agricultural activity in
the state.

A total of 182 growers completed the questionnaires. Of these growers, 146
reported using PR diesel fuels based on personal knowledge or date of fuel
purchase. These growers reported operating 1786 diesel-fueled equipment units,
with a total of 269 diesel-fueled equipment units reported to be experiencing fuel
leaks occurring since September 1st, 1993. Forty-seven of these growers indicated
they believed these leaks were related to the use of PR diesel fuels.

Each grower was asked whether they were experiencing more operational
problems than normal since using PR diesel fuels. Sixty-nine growers (47%)
indicated they believed performance was affected by the use of PR diesel fuels
with hard starting, power loss, and reduced fuel economy identified as the largest
concerrs.

Many growers who have not specifically experienced problems themselves knew
of or had spoken to growers who were experiencing problems perceived to be
caused by the use of PR diesel fuels. Almost 20% of the growers interviewed have
"not" used PR diesel fuels in their equipment. Many of the other growers who are
using the fuel have not accumulated high operating hours on their equipment to
date. Growers are anxiously looking for an additive or solution to the perceived
problems associated with PR diesel fuels.

Whether real or perceived, 47 growers (25%) of those growers currently using PR
diesel fuels believe that fuel leaks they are experiencing with their equipment are
directly related to the use of PR diesel fuels. It has become apparent from data
collected during this investigation that more information will have to be obtained
before conclusions can be safely drawn regarding the effects of PR diesel fuels
used in agricultural equipment. '

California State University  Fresno Center for Irrigation Technology

Diesel Fuel Task Force . . E-2



INTRODUCTION
The State of California mandated the use of specially formulated diesel fuels
beginning October Ist, 1993. This was done in an effort to improve air quality
throughout the state. The air quality in California is labeled as unhealthy in many
locales because it exceeds state and federal limits for particulates, due largely to
tailpipe emission from internal combustion engines. While the new fuel is
proposed to improve air quality, some concerns about its use have been raised.
The California Trucking Association and others noted that the post-regulation (PR)
diesel fuels has less iubricity, and that increased mechanical failures (ranging from
"O" ring failure to fuel pumps going bad in diesel-powered trucks) have been

observed.

The agricultural community has also expressed concerns about the use of PR
diesel fuels in farm equipment. In an effort to determine the range and scope of
problems affecting diesel-powered equipment in the agricultural sector, input from

various farming interests was collected.

- METHODS
The Center for Irrigation Technology, part of the School of Agricultural Sciences
and Teéhnology at CSU » FRESNO, conducted phone interviews during the period
of January 29th through February 5th, 1994. The questionnaire was developed
with input from the Air Resources Board, California Department of Food and
Agriculture, Nisei Farm League, the Farm Bureau, and the Center for Irrigation
Technology. The final questionnaire consisted of eight questions pertaining to

growers' experiences using PR diesel fuels in farm equipment.

Califorma State University ¢ Fresno 1 Center for Irrigation Technology
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A total of 1078 phone calls were placed to grdwer-s in four counties. These
counties (Fresno, Kern, Monterey, and Yolo) were selectedlon the basis of
geographic location and level of agricultural activity within the state. The contact
list of growers was provided by the California Department of Food and
Agriculture. The growers names were obtained from spray permit information for
each county. An effort was made to contact growers with larger acreages where

possible, those farms over 100 acres.

A total of 182 growers were interviewed: 20 in Yolo, 24 in Monterey, 26 in Kemn,
to 103 in Fresno county. Please note that 5 of Fresno counties responses were
called in from growers alerted by a radio announcement and 10 TESpONSEs Were
completed by Fresno County Farm Bureau members. All other Tesponses were

obtained via phone contact.

An attempt was made to contact the same percentage of growers in each county.
In this case 489 calls were placed to growers in Fresno county, 291 calls to
growers in Monterey county, 200 calls to growers in Kern county, and 98 calls to
growers in Yolo county. The average phone interview lasted 6-8 minutes, with a

common introduction to the purpose of the questionnaire (see Appendix A).

NOTE: Due to time limitations, we were not able to test and validate the survey
instrument, nor develop a statistically rigorous sampling procedure for telephone
surveys. Therefore, these results, while believed to be generally indicative, do not

represent a scientifically valid inquiry into the situation.

California State University e Fresno 2 Center for Irrigation Technology
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SURVEY CHARACTERISTICS

Users
Of the 182 growers interviewed, 73% (132 responses) indicated that they were
currently using PR diesel fuels. Another 14% (26 responses) indicated that they
were not using PR diesel fuels. The remaining 13% (24 responses) did not know
or were not sure what type of fuel they were using. They were then asked if they
were using fuel purchased after September 1st, 1993. Diesel fuel acquired after
this date is presumed to be PR diesel fuels.

Of those respondents who did not know the type of fuel they were using, 58%
(14 responses) indicated that they héd bought fuel after September 1st. Only 8%
(2 responses) had not purchased fuel after September 1st, and 33% (8 responses)
were not sure when their fuel was purchased. For the purpose of this
investigation, it is assumed that 146 of 182 persons (81%) interviewed are using
PR diesel fuels. This is based on the 132 growers who responded yes to using PR
diesel fuels and the additional 14 growers who indicated they purchased their fuel

after September 1st.
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: ~ Currently using PR diesel fuels (182 responses) .

RESULTS--ALL COUNTIES

14%

Don't Know 13%
N

‘Fuel purchased after September 1, 1993 (24 responses)

\

8%
N

\§

't Know

.




Equipment
The range of diesel-fueled equipment units operating per farm was froxﬁ a low of
0 to a high of 100. The average number of diesel-fueled equipment units per farm
was 12.4. The types of equipment used on these farms included John Deere,
Massey Ferguson, Ford, International, Caterpillar, and Kubota tractors, diese!l
pickups and cars, and power plants from the abbve manufacturers used in other
farm equipment. Over 15% of all equipment using PR diesel fuels was reported to

have leaks thought to be associated with the fuel use.

Performance/Operating Problems
Each groWer was asked whether they were experiencing more operating problems
than normal using PR diesel fuels. Of the 146 growers interviewed who are
currently using this fuel, 47% indicated they "were" experiencing more operating
problems, and 53% indicated that they "were not" experiencing more operating

problems.

Respondents experiencing more operating or performance
problems than normal (146 responses)

Yes 47%

e

‘No 53%

. California State University  Fresno 5 Center for Irrigation Technology
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Of the 69 respondents who indicated "yes" to having more operating problems
than normal, power loss and hard starting was identified by over 50% as a major

concern. Reduced fuel economy was also noted in 43% of the responses.

What kind of performance problems (69 responses)

Seizure or |
N 1%

Scoring

Hard Starting

51%

Power Loss

52%

Reduced Fuel

Econony 43%

inj or Inj Pump 29%

Other 14%

Another issue raised by several growers concerned equipment warranty claims.
One equipment manufacturer has sent out a "Support Bulletin" which notes that
"premature fuel injection system failures due to low lubricity diesel fuels are not
covered under warranty by either the fuel injection pump manufacturer or John
Deere" (see Appendix B). The Support Bulletin indicates that low-sulfur fuels
may have low lubrication properties due to the hydro-processing used to remove

sulfur and/or aromatic compounds during the refining process.
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Fuel Leaks .
Of the 65 growers who indicated that they are experiencing more leaks than
normal using PR diesel fuels, 72% (47 responses) indicated that they believe these
leaks are directly related to the fuel that was used at the time the leak occurred.
While 28% (18 responses) of the growers did not know if the fuel was causing a

problem.

Believe leaks related to fuel (65 responses)

Yes

72%

No

Don't Know 28%

o

The major problem (52%) of those reporting fuel leaks occurred in the fuel pump;
followed closely by leaks in the injectors (45%) and leaks in the return lines
(45%). It is interesting to note that those growers who used fuel additives (42
responses) in their diesel fuel reported only a slightly different occurrence of fuel
leaks (57% in the fuel pump, 43% in injectors and return lines, respectively). One
grower commented that he "experienced 2 leaks early, and then started to use an

additive and has not had any problems since."

California State University ® Fresno 7 Center for Irmigation Technology
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RESULTS OF THOSE REPORTING FUEL LEAKS--TOTAL RESPONSES

Characterization of fuel leaks (65 responses)

Fuel Pump

Injector(s)

Return Lines

Fuel Filter 23%

Othe

22%

45%

45%

52%

RESULTS OF THOSE REPORTING FUEL LEAKS--WITH ADDITIVES

Characterization of fuel leaks (42 responses)

Fuel Pump

Injector(s)

Retum Lines

Fuel Fiiter

|

33%

Other 29%

T

45%

45%

52%
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Concemns raised by growers using PR diesel fuels and problems perceived to be

associated with its use include:

1) Down time of equipment when premature failure occurs;
2) Cost of major repairs, with growers estimates ranging from

$1,800 to $14,000.

On a county by county basis, it is interesting to note that Monterey county has the
highest percentage (60%) of growers experiencing more operating problems than
normal using the PR diesel fuels. Monterey county was selected in part due to the
expectation of higher than averége fuel consumption based on cropping pattern
during winter months. Fresno county was a close second (54% yes), followed by

Kemn (33% yes), and Yolo (13% yes).

Remedial Actions
‘Growers who feel PR diesel fuels is contributing to performance or premature
leakage/failure of the fuel system wbuld like to identify an additive which will
help alleviate this problem. One additive is suggested in the manufacturer's
support bulletin mentioned earlier. The bulletin from John Deere also goes on to
state that many additives do not provide the lubricating properties which they feel

may be necessary for use in PR diesel fuels.
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SUMMARY
The information gathered from growers during this study provides insight to

several key areas and concerns. Some of these include:

1) Many growers who have not specifically experienced problems
themselves knew of or had spoken to growers who were

experiencing problems perceived to be caused by the use of PR

diesel fuels.

2) Many growers filled up their farm tanks with the higher sulfur
fuels just before the October 1st date which mandated the use of
PR diesel fuels. Thus, some farm equipment has few hours of
operation with the PR diesel fuels. Other growers have continued
to top off diesel storage tanks, blending existing high sulfur fuels
with the PR diesel fuels.

3) Because it is a quiet time of year, growers noted that they have
not yet accumulated high operating hours on their equipment with
the PR diesel fuels. They suggested a "call back” in several
months for an update on equipment performance after they have

experienced more hours of operation.

4) Growers are anxiously looking for an additive or other solution to

the perceived problems associated with PR diesel fuels.

California State University ¢ Fresno 10 Center for Irrigation Technology
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5) For those growers experiencing problems believed to be
associated with PR diesel fuels, "O" rings and any rubber seals

seem to be high problem areas.

CONCLUSIONS
Fuel leaks identified by growers as being caused through the use of PR diesel
fuels, either real or perceived, are clearly reflected by 25% (47 responses) of
growers contacted during this investigation. It has become apparent that more
information will have to be obtained before conclusions can be safely drawn from

the data regarding the effects of PR diesel fuels used in agricultural equipment.

California State University ¢ Fresno 11 Center for Irrigation Technology
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Diesel Fuel Questionnaire for Farm Equipmén_t

Hello my name is and I am calling on behalf of the Farm Bureau,
the Niset Farm League & Fresno State Univefsity.. We would like to take a few
minutes of your time and ask you some questions concerning the performance of
your Diesel powered equipment. We are trying to determine the effect of using
Low-Sulfur Diesel fuel on farm equipment. Your response will be kept
confidential. The summation of the survey results will be presented to the

governor on February 18, 1994.

Diesel Fuel Task Force



DATE

COMPANY NAME

CONTACT

ADDRESS

CITYy

PHONE NUMBER ( )

1)

DIESEL FUEL QUESTIONNAIRE FOR FARM EQUIPMENT

STATE Zip

Are you currently using ARB low-sulfur diesel fuel in your farm equlpmentV

L] Yes L] No d Don't Know

- If you do not know, was your fuel purchased after September 1, 19937

2)

- operate?

D Yes D No D Don't Know

Where do you buy your fuel?

Are you using a fuel additive?
' L Yes [ No [J Don't Know

[F YES, what brand/type of additive (biocide, stabilizer, etc.)

Approximately how many diesel-fueled equipment units do you currently

Diesel Fuel Task Force,
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3)

4)

5)

Diesel Fuel Task Foi‘qc

Of these units, how many of them have experienced fuel leaks since

September 1, 19937

Have you experienced more fuel leaks than normal since using the low-sulfur

diesel fuel/fuel purchased since September 1, 19937

[ ves 1 No IF NO, GO ON TO QUESTION 6

IF YES, do you believe these leaks are related to the fuel you used at the time

the leak occun'ed‘?

D Yes D No ] Don’t Know

If you are experiencing fuel leaks, how would you characterize them?
) Fuel pump leaking |
] Injector(s) leaking
[ Fuel return lines leaking
L] Fuel filter leaking
L] Other fuel system leaks IF YES, describe

Do you know the type of equipment (i.e., tractor, pump, etc.) and the manufacturer

of the equipment experiencing fuel leaks?

O3 vYes L1 No ] Don't Know
IF YES, specify




6) Are you experiencing more operating or performance problems than normal using

the low-sulfir fuel?

O ves [l No  IFNO, GOON TO QUESTION 7

IF YES, what kind?

L] Hard starting

[ Power loss

[ Reduced fuel economy

O] Injector or injector pump failure
[ Seizure or scoring

L1 Other, specify

7 Are there any other comments, observations, or other related information you

would like to add? (Name and phone number if referenced to others)

8) May someone call you for a follow-up interview?

3 ves O] No

What day and time would be most convenient?

THANK YOU FOR YOUR TIME

Diesel Fuel Task Force
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Support

Bulletin

NUMBER: PSB93-14

DEERE POWER SYSTEMS GROUP

DATE; 01 OCT 93
FUNCTIONAL GROUP CODE: 0413

APPLIES TO: ALL 300 AND 400 SBRIES ENGINES WITH DISTRIBUTOR
(ROTARY) -TYPE FUEL INJECTION PUMPS

SUBJEBCT: FORL INJECTION PUMP WRAR OR INTERRNAL PAILURERS
CAUSED BY LOW SULPUR PURLS

DTAC SOLUTION: KX1034
Complaint or Symptom:

Premature rotary fual injection pump wear pr failures
Engine speed instability

Injector/injaction nozzles plugging

Hard starting

Low power

Engine smoke

. ® e [ ] o »

Problem; -

Diesel fuel lubrication properties could‘be reduced. Thia is
caused by hydro-processing to remove sulfur and/or aromatic
compounds during the refining process.

Bolution;:

When possible use existing fuel formulations For engines usad

off-highway. This fuel will not require any additives to provide
good performance and engine reliability. However, many local fuel
gisiributors will not carry both low and regular sulfur diesel
weis,

If the local fuel distributor will supply only low sulfur fuel,
order and use John Deere Diesel Fuel Conditioher (TY22030). I
provides lubricating proparties along with other useful benefits,
such as cetane improver, anti-oxidant, fuel stabilizer, corrosion
inhibitor and others. TY22030 was added to the John Deere
Merchandise product line specifically for use|with low sulfur
fuels. Nearly all other diesel fuel conditio ers only improve
cold weathar flow and stabilize long-term fuel storage., They do
not contain the lubrication additives needad y rotary fuel

injection pumps.

; E-20
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PSB93~14

01 OCT 93

FUNCTIONAL GROUP CODE: 0413
PAGE 2

Solution: {continued)

At this time, there is no lubrication test spacification availabls
to determine if the fuel requirea the TY22030 ladditive. Tha
additive will prevaent the Symptoms listed previously, but once
they appear, only an injection pump overhaul 11l cure the
pProblem. 1If the problems are prevalent in your ares,

reéQuest arctic (hardened) fuel parts be insta led at the

time of injection pump repair. '

Additional Information:

Regulations by the EPA mandate tha: all diesel fuels for
on-highway use after 01 October 1933 must have a low sulfur
content. California regulations will require |low sulfur fuel for
21l diesel engines. Currant fuels have a sulfur level of about
0.29% while new fuels will have 0.05% sulfur maximum. Diesel fuel
used off-highway (farm machinery, staticnary ngines, construction
equipment, etc.) will still be able to use thed current fuel
formulations and will be easily identified by la blue dye.
On-highway fuels with low sulfur will not charge dye colors.

All diesel-powered trucks are required to use the low sul fur

fuel, even if they do not go en-highway. o

Thosq guols that have gultur removed‘bg a8 prociess that affects

©il. This could be different for each cil reffinery and
could change as crude oil scurces ars changed.

Fuel quality could degrade faster during storafge since
sulfur is a natural anti-oxidant. This in turh can lead to
gum and deposit formation which could contribute to
restriction of the fuel through the filters, injectors, -and
in-line pumps. Field experience will determing if diesegl
fuel conditioners are 2130 required to maintaih typical fuel
Sstorage practices. TY22030 does contain the anti-cxidant
and corrosion inhibitors and would work in thibk situaction,

The California Air Resource Board (CARB) also has required fuel
producers and marketers to meet tha sulfur levels, and reduce the
aromatic components frem roughly 30% to 10%. lternacive levelsg
of aromatic campounds can be used if equivalent emissions are
demonstrated. In most cases, all California fulels will be much
lower aromatic content. Reduced aromatics could likely further
reducea the fuel lubricity, which could make adding a fual
lubricant like TY22030 even more important,

low lubricity diesel fuels are not covered by warranty by
John Deere.

IMPORTANT: Premature fuel injection system fa*lures due to
@ither the fuel injection Pump manufacturer or

Diesef Fuel Task Force
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DIESEL FUEL TASK FORCE

JANUARY 22, 1994

TO: Bob Borzelleri, Chair, Diesel Fuel Task Force Subcommittee #2
Paul Henderson, Co-Chair, Diesel Fuel Task Force Subcommittee #3
Manuch Nikanjam, Co-Chair, Diesel Fuel Task Force Subcommittee #3

FROM: Janet Hathaway, Co-Chair, Diesel Fuel Task Force Subcommittee #1
Karen Rasmussen, Co-Chair, Diesel Fuel Task Force Subcommittee #1

TECHNICAL MEMORANDUM FROM SUBCOMMITTEE #1:
PROBLEM IDENTIFICATION

SUMMARY

On October 1, 1993, a new diesel fuel was
mandated for use throughout California.
Requirements for this fuel were designed to
reduce emissions from diesel-powered
equipment. This fuel is mandated for use in
both on-road and off-road applications. To
insure adequate fuel supplies during transition
to the new fuel, some variances were granted
to produce U.S. EPA low sulfur diesel fuel,
Also on October 1, 1993, U.S. EPA required
the use of a low sulfur fuel for on-road
applications throughout the remainder of the
United States.

This memorandum summarizes the interim
status of analyses of the mechanical problems
attributed to the new California diesel fuel. At
the initial December 21, 1993 meeting of
Subcommittee #1, a list of six key questions
was identified. - To meet the schedule demands
of the overall Task Force, this memorandum
presents preliminary answers to these questions
based on data received by Radian Corporation
as of January 12, 1994. This interim technical
memorandum is presented to provide guidance
from the investigations into the causes of the
problems attributed to the new diesel fuel.
Further analysis and data collection by
Subcommittee #1 in the coming weeks wilil
attempt to add additional detail for responding
to these questions.

Diesel Fuel Task Force

The preliminary conclusions to the six
questions are summarized below, followed by
recommendations for further analysis. Each
question is addressed in more detail in the
Technical Discussion section of the
memorandum. (Questions 1, 2,and 3 are
discussed in Section 1; Questions 4, 5, and 6
are discussed in Sections 2, 3, and 4,
respectively.)

1. Whar are the specific mechanical and
performance problems being reported ?

. The majority of problems concern
O-ring or other elastomeric component
leaks/failures in the fuel system.

® Many major engine manufacturers of
both light and heavy duty diesel
engines are represented among the
failed equipment.

® Isolated reports of lubricity-related
problems have been received. Because
of insufficient data, the extent of this
problem has not been determined at
this time.

» Other problems have been reported on
an isolated basis, including hard
starting and clogged fuel fiiters.



What is the extent of the mechanical
problem (i.e., which service
categories/vehicles/engines/components
are being affected)?

All types of vehicle service are
represented in the vehicles reporting
seal leakage problems, including long
haul/interstate, local/delivery,
agriculture, emergency vehicles,
refrigerated units, and passenger
vehicles.

Failures were typically associated with
"aged" seals, as represented by vehicle
mileage. The age of a seal can be
represented by a number of factors,
including mileage, chronological age,
and hours of use. Other factors can
also influence the aging of a seal,
including temperature and number of
thermal cycles. It should be noted that
the mileage distribution of reported
failures indicated large variability.

Data and other information received
suggest that nitrile rubber seals are
used in the vast majority of the failed
O-ring seals.

Which service categories/
vehicles/engines/components are not
being affected?

Although additional data are yet to be
analyzed, the data reviewed to date
indicate that fluorocarbon elastomer
seals are apparently not suffering
failures.

One major engine manufacturer has

. O-ring leakage problems have occurred

across the U.S., not just in California.

- However, because of insufficient data,

the extent and severity of this problem
outside California cannot be
determined at this time.

There is a clear distinction in failure
rates between northern and southern
California, with higher failure rates of
diesel fuel systems reported in northern
California.

What is the temporal nature of the
reported problems (i.e., how has the
incidence of fuel system problems
corresponded to the introduction of
new fuels)?

While not amenable to rigorous
statistical analyses, there is
considerable evidence showing that the
fuel system problems increased at the
same time as the introduction of the
new California diesel fuel (ARB and
variance fuel).

Are there any apparent correlations
between fuel formulation differences in
samples analyzed thus far, and the
geographic or temporal nature of
reported problems?

Initial examination of the ARB and
CTA fuel analysis data does not show
any clear trends between fuel
properties and seal-related failures.
Analysis of the fuel sampling data in
connection with seal-related and other
mechanical problems is continuing.

suffered no confirmed failures; this
may be due to the differing mechanical
design of their fuel system and use of
fluorocarbon seals. ‘

Recommendations for Further Analysis

This preliminary review has begun to answer
some of the questions associated with the new
diesel fuel. However, further data analyses
are warranted to assist in determining the
extent of the problems. We recommend that
further analyses be conducted in time for the
February 19 report to the Governor and under
the guidance of Subcommittee #1:

4. What is the geographical nature of the
reported problems?

Diesel Fuel Task Force E-2



Pursue collection of data regarding the

potential impact on agricultural
machinery. This will include a survey
of equipment owners to gather
additional data and collection of fuel
samples for analysis.

Examine further the fuel analysis data
to correlate with any documented
diesel engine experiences.

Evaluate the mechanical differences
between engines and components to
further isolate specific elements
contributing to the problems.

Continue investigation into potential
mechanisms of seal failures including
changes in seal swell, fuel oxidation,
and other chemical effects.

Assess why diesel fuel system failure

rates are higher in northern California

than in southern California.

Update the repair, survey, and hotline
databases to determine if the extent of
the problems are increasing, steady, or
decreasing.

Investigate the cause of the numerous
tuel line leaks reported in the ARB
draft light duty/medium duty diesel
vehicle survey data.

Investigate the relative extent and
nature of reported diesel fuel-related
problems outside California.

Investigate reports of repeat leak
failures.

Investigate reports of fluorocarbon seal
tailures.

Diesel Fuel Task Force
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TECHNICAL DISCUSSION

1.0 Extent of Mechanical Problems
Question 1: What are the specific
mechanical and performance

problems being reported?

Question 2: What is the extent of
the mechanical problem?

Question 3: Which service
categories/vehicles/engines/com-
ponents are not experiencing
mechanical problems?

References

California Air Resources Board (ARB) listing
of diesel hotline complaints (database).

ARB heavy duty diesel field study.
ARB fleet inspections.

ARB light duty diesel mail survey.
ARB light duty diesel telephone survey.
ARB repair facility survey.

ARB roadside fuel survey.

California Trucking Association (CTA) diesel
tuel failure reports from hotline calls, 1/5/94.

Memo from M. Payne and M. Fraytet,
ARCO, to N. Dickson, Radian, 12/28/93.

\

Memo from engine manufacturer, 12/21/93.
Memo from D. Holmes, Chair, School
Transportation Coalition, to J. Strock,
12/14/93.

ATA list of complaint phone calls.

Complaint reports to CIOMA.

Survey of the School Transportation Coalition.
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Report of O-ring failures from ARCO.

1.1 ARB Listing of Diesel Hotline
Complaints (database)

Radian has a copy of the ARB hotline log
covering diesel fuel-related calls to ARB
between October 13, 1993 and January 3,
1994. The log includes calls to the hotline and
other ARB offices. As of January 3, a total of
1,064 individuals had made a total of 1,099
calls to ARB. Phone calls to ARB peaked
during the week ending December 3, 1993,
with 213 calls recorded that week. The
geographic distribution of callers (based on
telephone area code) has been:

86% from northern California;
11% from central California;

2% from southern California; and
1% from outside California.

The timing and geographic origin of these calls
have likely been a function of publicity, as
well as the location and frequency of fuel-
related mechanical problems.

This is a passive survey; that is, only vehicle
owners who heard about the hotline called.
The content of the calls is recorded as _
narrative rather than being broken down into
distinct data tields for vehicle type and specitic
problem.

The caller messages can be broadly classified
into three categories:

. Callers describing severe leaks,
' plugged fuel filters, and/or
performance problems with one or
more vehicles;

° Callers requesting information
regarding potential risks to their
equipment, and mitigation measures
that they might take; and

° Fleet operators who called to report
that they have reported no unusual
problems to date.



The vast majority of the 1,099 calls fell into
the first of these three categories.

Agriculture: One focus of our review of the
ARB hotline calls was calls from individuals
identifying their business type as farming or
agribusiness. Because agricultural machinery
activity is low at this time of year, the new
fuels have not yet penetrated much of the
agricultural equipment fleet. Therefore, at this
time we have very limited indications of the
possible impacts of the new fuels on California
agriculture. A total of 27 callers identified
themselves as farmers/agribusiness. The 27
calls included reported problems with fuel
leaks on farm tractors, irrigation pumps, heavy
trucks, pickup trucks, and passenger . cars.

1.2 ARB Heavy Duty Diesel Field Study

These questionnaires were sent to heavy duty
diesel owners who called the Mobile Source
Division or the ARB hotline. Questionnaires
were also handed out to truck drivers during
the roadside fuel survey. A total of 660
- completed questionnaires were collected and
logged.

Problems cited in the comment sections
included: leaking fuel pumps and fuel
injectors, poor gas mileage, power loss, hard
starting, excessive smoke, rough idling,
excessive noise, higher operating temperature,
and problems attributed to reduced lubricity.

The total number of problem vehicles owned
by the respondents cannot be determined from
the database because many of the comments
are associated with large fleets. In these
records, there is no indication of the number
or make of vehicles exhibiting problems.

No popular engine type was conspicuously
absent from the list. However, the engine
manufacturer identified as E2 was very
sparsely represented. Only one reported
leaking vehicle could be positively identified as
E2.

Leaking was not restricted to high mileage
vehicles. Leaks were reported for vehicles
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with less than 10,000 miles. Mileage
distribution indicated large variability. These
data are summarized in Table 1-1.

Only 20 respondents specified the type of
O-ring associated with the leaks. Of these, 8
were nitrile seals and 12 were fluorocarbon
elastomer. However, most of the respondents
citing fluorocarbon elastomer seals operated
vehicles known to use nitrile seals.

Several points should be taken into account
before any conclusions are based on the above
results. First, the survey audience was not
targeted in a statistically selective manner (as
the light duty survey was). Second, the survey
did not ask the respondents to specify which
components of their fleet makeup had
experienced leaks.

1.3 ARB Fleet Inspections

The data set that Radian has is current as of
October 27, 1993. ' As of that date, a total of
32 individuals and fleet contacts had answered
this survey, providing information regarding
fleet vehicle mechanical and performance
problems. Table 1-2 presents a summary of
the mechanical problems reported.

Performance problems reported in this survey
include:

Acceleration;

Fuel mileage drop;

Higher engine temperature;
Starting problems;

Idling problems; and
Engine noises.

Information about the number of trucks (or
components) is not complete. The data, as
recorded, do not support comparisons between
the current incidence of mechanical and
performance problems and fleet history.



1.4  ARB Light Duty Diesel Mail Survey

These questionnaires were sent to light duty
diesel owners who called the Mobile Source
Division or the ARB hotline. A total of 170
questionnaires were logged into the database.
Table 1-3 summarizes the results of these
surveys.

1.5 ARB Light/Medium Duty Diesel
Telephone Survey

This survey was statistically designed to
determine the frequency of fuel leaks and
background information from a representative
sample of light and medium duty diesel vehicle
owners in California. In the survey, ARB
contacted 888 diesel vehicle owners throughout
the state. (Note that the survey results are still
in draft form and subject to change as the
quality assurance process is completed.)

The draft results provide estimates of the

frequency of fuel leaks experienced to date by '

light duty diesel vehicle owners since October
1, 1993. In the South Coast Air Basin, the
estimated leak frequency ranges from 0.2 to 4
percent. Over the remainder of California, the
estimated leak frequency is 5 to 12 percent.
The ranges in estimated leak frequency are due
to variations in the possible definition of what
type of failure should be considered a leak.
The lower value represents a strict definition
of fuel injection system leaks; that is, verbally
confirmed injection system tuel leaks. The
high end of the estimated leak frequency range
also includes verbally confirmed general fuel
system leaks that did not involve the fuel

pump.

Analysis of the data for leaking vehicles
indicated the following:

. Most of the popular light duty diesel
vehicles were represented. However,
manufacturers E§, E13, E15, E19, and
E22 were not represented. (All of
these manufacturers ‘were represented
in the nonleaking vehicles, however.)
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. Leaking was not restricted to high
mileage vehicles. However, a majority
(70%) of the leaking vehicles had in
excess of- 100,000 miles. These data
are summarized in Table 1-1.

1.6 ARB Repair Facility Survey

The ARB surveyed diesel repair facilities via
phone and field visits to document mechanical
problems. Facilities surveyed included truck
dealerships, passenger car dealerships, fuel
injection pump rebuild shops, and fleet repair
facilities. A total of 286 survey forms were
logged into the database, and 43 facilities
responded to questions regarding the total
number of leak repairs by vehicle
manufacturer. Table 1-4 presents a
compilation of these reported repairs.

1.7 ARB Roadside Fuel Survey

This survey was essentially a random or
“active” survey within the geographic areas
where it was undertaken. These surveys took
place between October 25 and November 10,
1993. A total of 7,695 truck operators were
surveyed. The statewide results from this
survey were:

. 90% of truckers surveyed reported no
mechanical problems with the new
fuel; and

. 10% of the truckers surveyed cited

mechanical/performance problems.
One-fifth of these reported fuel leaks.

These data are broken out by geographic
region in response to Question 4.

1.8 CTA Diesel Fuel Failure Reports

Data were analyzed from a report dated
January 5, 1994. A total of 251 individuals
and fleet operators had called the California
Trucking Association (CTA) hotline, reporting
fuel-related problems with 1,423 vehicles.
Table 1-5 presents a summary of the calls to
the CTA hotline, broken down by vehicle

. category and geographic location of the caller.
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Table 1-1 summarizes the mileage distribution
of the reported failures.

It should be noted that this is a passive survey
of reported problems; only vehicle owners
who were aware of the hotline and were
motivated to call are represented in the data.
Our preliminary investigation has indicated
that four heavy duty truck engine types, El,
E3, E4, and ES, were predominantly
represented in the data set. The distribation of
the various engine types is indicated in

Table 1-6. It is noteworthy that no complaints
were reported for engine type E2.

1.9 Memo from ARCO, 12/28/93

This memorandum documents the experience
‘to date of four truck fleets:

. The ARCO truck fleet of 61 trucks
operating on ARB-specification fuel
and 22 trucks operating on U.S. EPA-
specification low-sulfur fuel;

. The Certified Freight Lines (CFL)
tleet of 50 trucks operating on ARB-
specification tuel; and

. The Beneto Inc. fleet of 130 trucks
which, ARCO understood, was
operating on both ARB- and U.S.
EPA-specification fuels through late
1993.

The ARCO fleets report one fuel system fail-
ure since the introduction of the new fuels,
This is consistent with the normal maintenance
history of these fleets. The CFL fleet has
repaired the pumps on 35% of their fleet in
less than one month, after being alerted to the
potential for leaks through a manufacturer’s
bulletin. The Beneto truck fleet experienced
no pump failures between the time of the
introduction of the new fuels and the date of
the memorandum (12/28/93).

1.10 Memo from Engine Manufacturer

Key points made in this memorandum are:
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. Only one of the two pump styles
manufactured by this firm is
experiencing any problems.

° Reports of problems have been
received from across the U.S, indi-
cating that it is not a California-only
problem.

° Failures have been reported in vehicles
with mileage in the range of 300,000
to 700,000 miles.

. The exact number of failures or the
percent of the fleet impacted is difficult
to estimate because those seals that fail
as a result of fuel composition changes
mostly occur well after the warranty
period has ended.

1.11  Memo from School Transportation
Coalition to J. Strock, 12/14/93

This memorandum presents the results of a
survey of all California school districts
regarding diesel fuel-related problems. A total
of 36 school districts have responded to the
survey:

. 30% of the respondents have experi-
enced an unusual increase in the failure
of O-rings or leaking fuel pumps in
their school buses within the month
ending December 14,

o 33% of the respondents have experi-
enced an increase in fuel consumption.

o 30% of the respondents reported
poorer performance in the operation of
their school buses.

s 50% of the respondents have additional
concerns about the new fuel (e.g.,
costs, hard starting, lubricity
questions).

It is noted that the percentages listed above

represent the percent of responding fleet
supervisors who have observed these
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problems, not the percent of vehicles within
the fleets that are affected.

Conclusions

The most common mechanical and
performance complaints reported since the
introduction of the new ARB and variance
fuels are:

Leaking fuel injection pumps. This complaint
has been associated with an array of different

pump brands and models used on light,
medium, and heavy duty diesel vehicles.
Diesel vehicles of many makes, models, ages,
and service types are represented in the
reports. However, the common features
among the majority of complaints are:

. Leaks occur most often at throttle shaft
O-rings, although certain pump models
have additional O-rings on covers and
tachometer connections that may also
fail.

. Leaks nearly always occur on fuel-
lubricated (as opposed to motor oil
lubricated) fuel injection pumps.

. Failed O-rings are nearly always nitrile
rubber (as opposed to fluorocarbon
elastomer).

. Failures were typically associated with

"aged" components. The age of a seal
can be represented by a number of
factors including mileage,
chronological age, and hours of use.
Other factors can also influence the
aging of a seal, including temperature
and number of thermal cycles. In this
analysis, mileage was the most widely
available indicator of seal age.

Note also that nearly all the light duty diesel
passenger vehicles in California are between 5
and 15 years old (no new light duty diesel-
powered passenger cars have been sold in
California from 1988 to 1993). Because of the
age and type of pumps used, the bulk of the
passenger car fleet (with the exception of

Dieset Fuel Task Force

manufacturer E9) is described by most of the
“leak candidate indicators” listed above.

A confounding factor in the evaluation of
many vehicle repair data is the influence of
preventive maintenance. In general, the data
do not allow the assessment of how many
reported repairs were preventive in nature.

Loss of power and reduced fuel economy.
This complaint has been voiced nationwide

from virtually all service groups.

Leaking fuel system hoses. These complaints
come mostly from owners of one make of

passenger cars (E9). Such hoses normally
require periodic replacement, but the number
of reports suggests that the change in fuel may
have instigated failure in a number of older
vehicles.

Leaking fuel injectors. These complaints come
mostly from owners of pickups and light
trucks with a single make of motor (E4).

Pump systems using fluorocarbon elastomer
seals are not experiencing failure.
Manufacturer E2, which uses engine oil-
lubricated fuel pumps and fluorocarbon
elastomer seals, is absent from the reports of
leaking vehicles.

Lubricity. A variety of fuel system problems
have been attributed to reduced lubricity. The
potential extent of problems and the
mechanism tor this effect are not well
understood at this time.

Agricultural equipment effects. Data
regarding the possible impacts of the new fuels
on agricultural machinery are, as yet, very
limited. Radian’s initial review of relevant
information has indicated that an array of
different injection fuel pump styles (fuel
lubricated, oil lubricated, distributor-type, and
in-line) are used on agricultural equipment.
The impacts of the change in fuel will likely
depend on the distribution of different pump
styles in the tleet. The impacts from diesel
fuel changes are not yet known.
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At this time of year, agricultural activities
utilizing diesel equipment are minimal
compared with other seasons of the year.
Nevertheless, Subcommittee #1 is interested in
investigating the potential effects of the new
diesel fuel on agricultural equipment. For this
reason, the Subcommittee has initiated a
survey of agricultural equipment operators to -
identify the extent of any current mechanical
problems and to identify plans for near-term
agricultural activities. '
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Table 1-1

Mileage Distribution of Failure Reports

By Vehicle Type

Minimum Median Maximum # Vehicles
Vehicle Mileage Mileage Mileage Reporting
Type Reported Reported Reported Mileage
Heavy Duty Diesels® 8 197,236 1,000,000 176
Light Duty Diesels 6,0004 121,000 400,000 77
Heavy Duty Diesels® 6,171 357,825 948,000 114
Light Duty Diesels® 8,573 117,800 250,000 235

4 Source: ARB Heavy Duty Diesel Field Survey. This data set includes a few light duty vehicles.

l? Source: ARB Light/Medium Duty Diesel Telephone Survey.

¢ Source: CTA Diesel Fuel Failure Reports. For the purposes of mileage pattern analysis, ambulances were
included in the light duty diesel vehicle category.

4 ARB has determined that the vehicle reporting failure at 6,000 miles had been recently rebuilt. It was not

clear whether the fuel system had been rebuilt: If this data point is excluded from the calculations, the values

for this row are: Minimum = 40,000 mi; Median = 125,500 mi.

ARB Fleet Inspection Summary
(Failures Noted By Engine Type)

Table 1-2

Engine Type
E3 . ES

Mechanical Problems
Fuel Pump

O-Ring v v v

Fuel Pump Failures (unspecified) v v
Injector O-Rings ‘ v
Return Hoses v

Filters Plugging

Not Identified
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Table 1-3
ARB Light Duty Diesel Mail Survey

Vehicle Make

Component Missing E21 EX2 E23 En4 24 ES El4 El6 B K25 | En Enl E1o s Tutal
Injector 2 5 3 1 3 1 24 4 1 9 3 16 35 13 2 122
Pump

Return 1 2 19 1 20 1 7 2 54
Lines)

Injector(s) 1 21 3 9 1 1 3 1 | 41
Filter 3 1 5 2 2 | 19
Other/ 1 1 1 16 2 8 7 it
Unspecified

Notes to assist in the interpretation of Table 1-3: Makes E8 and E9 (a pickup and a car) are the major light

duty diesel vehicles in California, each making up approximately 25% of the population. These are followed by
E11, which makes up approximately 8% of the light duty population. The trends indicate that a number of hose
leaks were reported on E9, but relatively few other problems (relative to the large population of these units in

the state). Reported failures among other makes are mostly confined to pump problems, with the relative
numbers of reports roughly proportional to vehicle populations for European makes. Few problems were

reported for American and Japanese-made light duty diesels.

Table 1-4
ARB Repair Facility Survey

Manufacturer
Component Not
Repaired® Ct Cs C2 Cé El Listed Total
Pumps 137 664 452 74 NA 7 1,334
10% 50% 34% 5% 1% 100%
Injectors 32 1,072 NA 21 124 1 1,250
2% 86 % 2% 10% 1% 100%

2 Time frame of repairs was not specified.
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Table 1-5
Summary of Calls to CTA Hotline

Region Heavy Duty Trucks? |  Cars & Pickups OtherP
Northern California 795 130 65
Central California 312 15 89
Southern California 14 3 0
Total 1121 148 154

2 Includes ambulances

b Includes refrigeration units on truck trailers, construction/farm equipment, forklifts, and locomotives.

Table 1-6
CTA Diesel Fuel Failure Report (by engine type)

Engine Type
El E3 E4 ES Other?
Number of reports 108 410 238 387 280

2 Includes refrigeration units on truck trailers, construction/farm equipment, forklifts, passenger cars, and

locomotives.

Diesel Fuel Task Force
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2.0 Geographical Extent

Question 4: What is the geo-
graphical nature of reported
problems?

To isolate the existence and causes of diesel
fuel-related problems, it is important to
determine the approximate geographical extent
of the perceived problems, both within and
outside of California. Early evidence indicated
that the majority of reported problems
occurred in northern California, with fewer
reported problems in southern California.
Other information indicated that this problem
was not confined to California.

In analyzing the geographical question within
California, areas generally north of Santa
Barbara and Fresno were designated as
“north.” Areas inclusive of Fresno and
Bakersfield were designated as "central,"” and
the remaining areas were designated as
“south.”

The BURDENT7C California vehicle population
estimates for 1993 were used to obtain the
relative population of diesel-fueled light duty
truck and passenger cars (LDD) and heavy
duty trucks (HDD). The relative geographical
distribution of these populations is listed in
Table 2-1. These estimates should be updated
with the latest version of BURDENT7F.
References

The following data were used in the
geographical analysis:

ARB heavy duty diesel field study.

ARB roadside survey database.-

ARB light duty diesel telephone survey,
ARB survey of repair facilities.

H. G. Makelim Co. data on O-ring sales.

CTA diesel fuel failure reports.

Diesel Fuel Task Force

Complaint reports to CIOMA.

Data provided to ARB by Schneider National
Trucking and Ruan Transportation
Management.

ATA list of complaint phone calls.

2.1 ARB Heavy Duty Vehicle Diesel
Field Study

The regional allocations were determined
based on the area code, ZIP code, or the city
of the reported fuel supplier. Table 2-2 con-
tains the geographical distribution of both
"leak"” and "nonleak” problems as reported in
this data set.

Since approximately half of the data had no
location information for the fuel supplier, it is
difficult to draw definite conclusions with
regard to the geographical extent of the
problems. However, when compared to the
distribution of the HDDs in California (Table
2-1), it is evident that there is a preponderance
of leak problems reported in the northern parts
of the state.

2.2 ARB Roadside Survey Database

The roadside survey was carried out in various
regions of the state (north, south, and central)
and, thus, may provide insight into the geo-
graphicai spread of reported problems. The
results of this survey are summarized in Table
2-3. The results provide a clear indication of
the predominance of HDD leak problems in
northern California. Whereas 85% of the
leakage reports were located in the north, only
13% were located in the south.

23 ARB Light Duty Diesel Telephone
Survey

The regional allocations were determined
based on the area code or ZIP code of the
survey respondents. Table 2-4 contains the
geographical distribution of both "leak” and
"nonleak” responses in the data set.
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As with the HDD data, there is a preponder-
ance of leaks (78 % of the total) reported in
northern California. This result is important
in view of the LDD population distribution -
indicated in Table 2-1. In other words,
whereas over half the LDD population resides
in southern California, roughly three quarters
of the leak problems are reported in northern
California.

24 ARB Repair Facilities Survey

Of the 286 records in this repair survey data
set, 232 do not have the number of pumps ser-
viced in 1992, and 226 do not contain the
number of pumps serviced in 1993. Neverthe-
less, where the data were provided, geogra-
phical trends emerge.

The data are listed in Table 2-5 and indicate
that, whereas there is a modest increase (15%)
'in the overall number of pumps serviced in
1993 versus 1992, there is a dramatic increase
in reported services in the northern (107%)
and central (1,183 %) regions and a decrease
(-7%) in the southern region. Caution should
be taken not to attach too much importance to
these data, however, because much data are
missing from this data set.

2.5 Other Northern vs. Southern
California Data -

Additional data sets were examined that pro-
vide data supporting the distinction between

northern California and southern California

failure rates. These include:

° H.G. Makelim Co. data on O-ring
sales;

. CTA diesel fuel failure reports; and

. Complaint reports to CIOMA.

2.6 Data Provided by Schneider National
Trucking and Ruan Transportation
Management

Several other data sources address the extent
of the perceived mechanical problems nation-

Diesel Fuel Task Force

wide. Reports of fuel pump leaks were pro-
vided by Ruan and Schneider from terminals
across the U.S. A-total of 141 such failures

- were reported by Ruan. By January 11, 1994,

a total of 765 leaks (out of a fleet size of
4,900) were reported by Schneider, repre-
senting a leak percentage of 16.

2.7 ATA List of Complaint Phone Calls

Complaint phone calls reporting problems
were received from the ATA. Data logged
between October 4, 1993 and November 12,
1993 include complaints from across the U.S.

Conclusions

The data analyzed in this section support the
following interim conclusions:

. The majority of leaks in California
have been reported in the northern
parts of the state; and

. The reported occurrences of leaks span
the entire U.S. However, the extent
and severity of this problem outside
California cannot be determined at this
time.



' Table 2-1
Geographical Distribution Diesel Vehicles in California

Percent of LDD "~ Percent of HDD
North 42 43
Central 3 4
South 55 53

LDD = Light duty diesel

HPD = Heavy duty diesel
Table 2-2
Geographical Distribution of HDD in ARB Heavy Duty Vehicle Diesel Field Study
' (Based on fuel supplier location)
Leak Nonleak

Region Frequency Percent Frequency Percent

North 138 37 47 15
Central 27 7 34 11

South 20 5 30 10

o2 16 4 16 5
MP 173 46 179 58
2 Qutside of California
b Missing
Table 2-3
Geographical Distribution of Roadside Survey Results
Leak No Problems

Region Frequency Percent Frequency Percent
North 135 85 2,409 47
Central 3 2 339 7
South 21 13 2,390 45
Total 159 100 5,138 100

Diesel Fuel Task Force
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Table 24

Geographical Distribution of LDD Leaks from ARB Light Duty Diesel Telephone Survey

Leak No Problems
Region Frequency Percent Frequency Percent
North 69 78 345 43
Central 4 4 80 10
South 16 18 370 47
Total 89 100 795 100
LDD = Light duty diesel
Table 2-5

Geographical Distribution of Pumps Serviced in 1992 and 1993

Pumps Serviced in Pumps Serviced in
Region Sept/Oct 1992 Sept/Oct 1993 Percent Increase
North 255 527 107
Central 6 77 1,183
South 1,355 1,261 -7
Total 1,616 1,865 - 15

Diesel Fuel Task Force
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3.0 Temporal Extent

Question 5: What is the temporal
nature of the reported problems? Is
the problem potentially due to the
new fuel?

Based on historical data, we assessed whether
a significant change occurred in failure rates
after the introduction of the new ARB and
variance fuels.

References

ARB Repair Facilities Survey database.
Diamond Diesel Service Inc. information on
Oakland and Sacramento store fuel injection

pump repair records.

Coast Fuel Injection Inc. information on parts
sales records.

H. G. Makelim Co. information on popular
pump seals and rebuild kit sales.

Fresno Truck Center information on O-ring
and seal kit sales.

Component Manufacturer CS (northern
California, southern California) information on
O-ring sales.

California State Automobile Association
(CSAA) summary of California diesel fuel
problems.

3.1 ARB Repair Facilities Survey

The data fields we reviewed were the number

of pumps serviced in September/October 1992,

the number of pumps serviced in September/
October 1993, and the comparison of
September/October 1992 with September/
October 1993 (i.e., more/same/less). Table
3-1 summarizes these data.

For a majority of the repair facility records,
these data fields were missing, so the findings
are not conclusive. Another potential
limitation is the wording of the comparison

Diesel Fuel Task Force

question on the survey form: "Has Sep.-Oct.
1992 business been (more, same, or less) than
Sep.-Oct. 19937" Based on a review of the
data, it appears that the majority of the
responses answered the converse of this
question (i.e., "more" indicated 1993

> 1992).

3.2 Diamond Diesel Service Inc.

Diamond Diesel Service Inc. provided infor-
mation on fuel injection pump repair records
for October 20 through December 20, 1992
and October 20 through December 20, 1993
for their Sacramento and Oakland stores.
Table 3-2 summarizes these data.

The key feature of these data is that, from an
historical perspective, a consistent time frame
is addressed both before and after the introduc-
tion of the new fuel. Hopefully, this would
help to minimize any seasonal differences in
repair rates. The major limitation to these
data is that only a two-month period is
addressed for each year, which may provide
more of a "snapshot” evaluation rather than a
clear trend.

33 Coast Fuel Injection Inc.

Coast Fuel Injection Inc. provided information
on parts sales records for September 15
through December 31, 1992 and September 15
through December 31, 1993 for their San Jose,
Salinas, and Stockton branches. Similar data
were provided for the first week of January
1994, Table 3-3 summarizes these data.

Similar to the Diamond Diesel data, the key
feature of these data is that, from an historical
perspective, a consistent time frame is
addressed both before and atter the introduc-
tion of the new fuel.

34 H. G. Makelim Co.

H. G. Makeiim Co. provided information on
popular pump seals and rebuild kit sales in
California. Annual totals were provided for
1992. For 1993, total figures were provided

. for January-September and monthly totals were
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provided for October, November, and
December. These data are summarized in
Table 3-4.

The key point of these data is that H. G.
Makelim is a major parts supplier (for light
duty trucks and automobiles). A key short-
coming of these data is that sales rates are only
an indirect indicator of repair rates.

35 Fresno Truck Center

The Fresno Truck Center provided monthly
information on O-ring and seal kit sales for
December 1992 through November 9, 1993,
and annual totals for the previous year (i.e.,
December 1991 through November 1992).
These data are summarized in Table 3-5.

The key feature of these data is that monthly
totals are provided for almost an entire year,
including time both before and after the intro-
duction of the new fuel. This continuum of
data helps support trend analysis.

3.6 Component Manufacturer C5
(Northern California)

Component Manufacturer C5 provided infor-
mation on O-ring sales in northern California
for the fourth quarter of 1993. These data are
summarized in Table 3-6.

The major shortcoming of these data is that
only a three-month period is addressed.
Therefore, these data may provide more of a
“snapshot” evaluation rather than a directional
trend.

3.7 Component Manufacturer CS
(Southern California)

Component Manufacturer C5 provided
information on O-ring sales in southern
California. Monthly totals were provided for
July-November 1992 and July-November 12,
1993. These data are summarized in Table
3-7.

The key feature of these data is that a con-
sistent time frame is addressed for both years.

Diescl Fuel Task Force

Hopefully, this would help to minimize any
seasonal differences in repair rates. The major
limitation to these data is that only a five-
month period is addressed for each year, with
only one month of complete data after the
introduction of the new fuel. Therefore, these
data may provide more of 2 "snapshot” evalua-
tion rather than a directional trend.

3.8 California State Automobile
Association (CSAA)

The CSAA submitted a summary of California
diesel fuel problems reported by American
Automobile Association (AAA) members. The
CSAA and Automobile Club of Southern
California have approximately 1,700 approved
auto repair facilities under contract for
guaranteed auto repairs for their roughly 6.8
million members. These facilities indicated
that before the introduction of ARB and
variance fuels in California, they were per-
forming three or four repairs per month related
to O-ring and seal failures. Since the intro-
duction of ARB and variance fuels, they have
been performing two or three repairs per week
that are related to failure of rubber-based
components. These repairs covered LDD pas-
senger vehicles.

Conclusions

Overall, the available repair and parts sales
data suggest that, in terms of a general trend,
the failure rate of diesel vehicle components
(e.g., O-rings, pumps, gaskets) has noticeably
increased since the introduction of the new
fuel. Additional data are needed to firmly
establish recent trends in sales data indicating
an increase or decrease in failure rates.

Sales and repair data should be interpreted
with caution because of the conflicting factors
of stockpiling and back orders. (Stockpiling
will tend to inflate sales data, whereas back
orders will deflate sales data; both have been
reported.)



Table 3-1
ARB Repair Facilities Survey
Pumps Serviced Sep/Oct 1993 vs. Sep/Oct 1992

Facilities Reporting Facilities
Actual Numbers of | Responding "More"
Facility Responses Units Repaired "Same" or "Less"
Pumps serviced 1993 > pumps serviced 1992 or "more" 23 47
Pumps serviced 1993 = pumps serviced 1992 or "same” 23 57
Pumps serviced 1993 < pumps serviced 1992 or "less" 8 16
Data missing 232 166
Table 3-2
Diamorid Diesel Service Inc. Fuel Injection Pump Repairs
for October 20 - December 20 (1992 and 1993)
Sacramento Oakland Total
Component
Manufacturer 1992 1993 1992 1993 1992 1993
Cl1 15 41 24 105 39 146
Cc2 7 13 28 41 35 54
C3 10 12 22 32 32 44
C5 9 19 31 75 40 94
Cé6 1 4 6 13 7 17
Total 42 89 111 266 153 355
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Table 3-3
Coast Fuel Injection Inc. Equipment Sales®
({Total for San Jose, Salinas, and Stockton Branches)

1992 1993 ' 1994

Component ‘

Manufacturer | 9/15-12/31 || 971530 Oct Nov | Dec 9/15 - 12/31 | 1/1-1/7
C1 23 23 80 100 57 260 19
c5 46 19 61 54 40 174 15
E4 78 4?2 111 81 77 311 34
Total 147 84 252 235 174 745 68

2 Includes individual items (O-rings, pumps, etc.) and repair kits (return line, pumps, gasket, etc.).

Table 3-4
H.G. Makelim Co.
Popular Pump Seals and Rebuild Kits Sales

1992 1993
Component .

Manufacturer Total Jan - Sep Oct Nov Dec Total
Cl 878 567 299 341 641 1,848
C5 760 646 122 304 130 1,202

Cé6 25 - 48 33 32 46 159
E4? 10,000 8,110 1,501 1,898 3,930 15,439
Total 11,663 9,371 1,955 2,575 4,747 18,648

2 These O-rings are normally sold in packs of 100; 16 seals are used in each engine.

Table 3-5
Fresno Truck Center O-Ring and Seal Kit Sales
1992 1992 1993
Previcus Dec "92-
Component Year® Dec Jan } Feb Mar Apr |. May Jun Jul Aug Sep Oct NovP Nov *93
O-Rings 30 3 1 0 3 3 4 4 1 10 6 65 7 107
Seal Kits 108 12 5 3 3 9 11 17 | 1 7 10 5 7 110
Total ' 138 15 6 8 11 12 15 21 12 17 16 70 14 217

3 December 1991-November 1992
b November 1-9, 1993
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Table 3-6
Component Manufacturer C5 (Northern California)

O-Ring Sales
1993
Oct Nov Dec Oct - Dec
179 587 578 1,344
Table 3-7
Component Manufacturer C5 (Southern California)
O-Ring Sales
1992 ' 1993
Location Jul Aug Sep Oct Nov Jul - Nov Jul Aung Sep Oct Nov Jul - Nov

Montebello 16 22 28 32 18 116 28 48 42 33 5 156
Rialto 61 57 35 57 44 254 27 30 34 38 22 151
San Diego 6 4 2 4 4 20 1 1 1 4 2 9
Total 83 83 65 93 66 390 " 56 79 77 75 29 316
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4.0 Fuel Formulation

Question 6: Are there any apparent
correlations between fuel formula-
tion differences in samples analyzed
thus far, and the geographic or
temporal nature of reported pro-
blems?

Variations in fuel formulations could be a
contributor to the reported problems. Analysis
of the data received to date is not complete.
This memorandum presents interim findings
from the two largest data sets (listed below).
Initial examination of the data was focused on
the impact of fuel on seal-related failures.
Further analysis of the complete data set is
continuing.

References
ARB fuel testing program.

CTA fuel analysis results (from Saybolt
Laboratories).

4.1 ARB Fuel Testing Program

The ARB collected over 200 diesel samples
throughout the state, starting in late October
1993 and continuing through November 1993.
These fuel samples were collected from
refineries, retail distributors, and truck fuel
tanks at inspection stations. The truck fuel
tanks may have contained a mixture of U.S.
EPA- and ARB-specification fuels and ARB
variance fuel. The fuel samples were analyzed
for sulfur, total aromatics, polynuclear aro-
matics (PNA), moisture, peroxides, distillation
properties, acid content, color, and density.
Laboratory resuits were received for 216
samples. Due to funding limitations, 26
samples were tested only for total aromatics
and PNA. In addition, the results for two
samples were deemed invalid; one sample
(i.e., NO96) was determined to be gasoline and
another sample (i.e., N109) was determined to
be a mixture of gasoline and diesel.

Preliminary data analysis performed by ARB

in mid-November (data had been received for
120 samples) indicated that the aromatic

Diesel Fuel Task Force

content of the diesel fuels sampled ranged
from 10% to 36%. Subcommittee #1 does not

_ currently have data to calculate averages

weighted by sales or market share within a
region. Radian is working to obtain this
information. Pockets of fuels with 10%
aromatic content were identified in Kern
County and Oakland. Sulfur content in the
fuel samples was uniformly less than 0.05%
(i.e., <500 ppm), with the 10% aromatic
fuels typically containing less than 0.01%
(i.e., <100 ppm) sulfur. The remaining
analyses found that all the other parameters
fell within the specifications for diesel fuel.
Unusual levels of peroxides or acid content
were not found. The color analyses suggested
that many of the fuel samples taken from
trucks may have contained additives such as
automatic transmission fluids.

Radian performed preliminary data analysis for
the 214 valid diesel samples. The total
aromatic content was 5.1-36.2 vol% as
reported by ARB laboratories and 4.8-38 vol %
as reported by Calab Brett, an independent
testing laboratory. Caution must be used when
comparing data from different laboratories
because of variabilities in test methodologies.
The PNA content values ranged from 0.1-12.4
wt% . Sulfur content in the fuel samples ranged
from 0.001-0.435 wt% (i.e., 104350 ppm).
Only ten samples had a sulfur content greater
than the compliance limit of 0.05 wt% (i.e.,
500 ppm).

Radian has been working with ARB staff to
determine the point of origin for each fuel
sample. Based on the available data, fuel
samples have been identified by type (e.g.,
refinery, retail [service station/truck stop], or
vehicle [truck/car]) and geographic location
(e.g., north, central, or south). In addition,
where possible, Radian has identified which
fuel samples were taken from leaking versus
non-leaking vehicles. This effort is ongoing
and preliminary data analysis performed to
date has been inconclusive.



4.2 CTA Fuel Analysis Results (from -
Saybolt Laboratories)

The CTA provided copies of fuel analyses
prepared by W. Saybolt & Company, Inc.
from October-December 1993. The majority
of the samples were submitted by companies in
northern California. In all, 19 diesel samples
were analyzed for total aromatics, olefins, and
saturates. The total aromatic content ranged
from 8.5-46.1 vol%. The total olefin content
reported ranged from 3.4-8.3 vol%. volume.
Lastly, the total saturate content ranged from
49.2-838.0 vol %.

Conclusions

To date, the initial analyses of the ARB and
CTA diesel fuel sampling data have not sup-
ported any clear correlations between fuel
formulation and fuel system elastomer failures.
Efforts to establish a connection between fuel
formulation and the geographic nature of
reported problems may be confounded by the
movement of vehicles from one region of the
state to another. In addition, attempts to
establish a connection between fuel formu-
lation and the temporal nature of reported
problems may be restricted by the limited
availability of historic fuel samples.

The available fuel analyses have focused on
the regulated fuel characteristics (i.e., sulfur
and aromatic content). Various parties have
proposed hypotheses that the increased severity
of hydrotreating necessary to produce com-
pliance diesel fuel may have changed some
other diesel fuel characteristic(s) (e.g.,
nitrogen content, amine content, partial
saturation of multiple ring aromatics, sus-
ceptibility to oxidation). The fuel analysis data
will be investigated to see if there is any
correlation between fuel formulation and the
geographic nature of the reported problems.

Diesel Fuel Task Force
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TO: Radian Corporation
ATTENTION: Melinda Thiessen
10389 Old Placerville Road
Sacramento, CA 95827

REF: API Comments on the Diesel Fuel Task Force Report

AP! submits the following additional comments on the second draft of the Diesel Fuel Task
Force Report:

0 Although "reports” of pump failures have increased since October 1993, there is no clear
evidence that the change to EPA or CARB fuel resulted in actual seal failures.

o All of the equipment manufacturers participating in the February 11, 1994 meeting stated
that they did not “design for swell.” This suggests that the focus on the g¢hange in the
overall swell of the seals is misdirected.

o It appears that many operators are using or had been using various "additives” such as
used oil in their diesel fuel. The relationship between the use of these additives and the
reports of seal failures needs to be explored in greater detail.

A statement should be added to the recommendations and conclusions which address the
potential for increased o-ring failures resuliing from discontinuing the practice of adding
used motor oil to diesel fuel, Since the likelihood exists that the addition of used oil to
diese! fuels had been a common practice for many diesel vehicle fleet operators before
EPA and CARB regulations, it is not known what cffect this has on seal swell
characteristics of fuel pump o-rings.

For future work, the Task Force should consider adding test fuels for the o-ring
evaluation program to include a fuel containing used 0i! (at a concentration that can be
defined as typical). This fuel should be included as one of the pre-rcgulatmn high sulfur
diesel fuels, and used to age new seals.

o The report does not explore why there are variations in the failure rate between engine
manufacturers.

o The variation between types of nitrile compounds needs to be examined in greater detail.
In addition, batch to batch variation in the manufacturing of niirile rubber seals needs to
be examined.

o As noted earlier, AP does not believe that the Task Force should develop or recommend
specific lubricity levels for diesel fuels, as explained in Mr, Roger Leisenring’s January
i4, 1994 letter 1o Mr. Tim DeFries, Radian (attached), but should rely on iechnical
organizations such as ASTM.
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Radian Corporation
ATTENTION: Melinda Thiessen

Page 2

0 The report should note that the majority of the Task Force believed that gxidation was
probably not the cause of any seal failure,
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¢

Yornoo I ) 70 ez 509 ‘ '
Resasrch & Development Geacon NY 12500
. 018 531 3400

January 14, 1984

Mr. Tim DaFries
Radian Corporation
p.0.Box 201088
Austin, TX 78720-1080
Fax: (512) 345-9684

Dear Mr. DeFriss:

| am responding 't your letter dated January 10, 1984 to parties interested in the
proposed voluntary Interim recommendation for a minimum scuffing load capacity of 3300
grams, based on a variation of the ASTM BOCLE test {D5001) now under development
by US Army at Southwest Ressarch institute (SWRY) for Califomia. As the representative
for AP| on subcommitten #3, | would like to offer the following comments on the behat!

of tha AP! Diessl Fuel Task Force.

As is recognized in pending modifications in the ASTM D875 Diesel Fuel Specifications,
fue! lubricity concarns can aiise under certain specific circumstances. AP supponts and
is participating in efforts with engine and hardware manufaciuras in which the minimum
fuel lubricity requirements for No. 2 diase! fuel systams are established, a practical test
maethod is developed, and appropriate fuel lubricity specifications are adopted for diesel
fuels. The AP| membership are actively participating in the International Standard
Organization (180), Society of Automotive Engineers (SAE), American Soclety for Testing
and Materials (ASTM), and the Engine Manufacturing Association (EMA) technical
committees on lubricity of diesel fuel. The ultimate goal of this participation is the
establishmant of a test method and & imit. We belleve the test method established
through thase commiltees will be the most technically sound method for the evaiuation
of lubricity. By working through 1SO and ASTM, & standard can be developed by
representatives of ail sectors that have an intersst in the use of the standard. In ASTM
these sectors include producers, users, and those having @ general intsrest
(representatives of governmant and academia), as wall as uitimate consumers. ASTM
standards are the most technically sound and cradible of documents because the ASTM
standard procadures requires technica! scrutiny and peer review. Otherwise, there is @
atrong possibility that the proposed test method with a limit may fail to protect engines
or result in unnecessary fual restrictions, which may eliminate parfectly acceptable diesal
fuel from the market place and potentiatly leading to supply disruptions of genertte
unforeseen fuel prnbleml.‘!'ho latter Is a rea! possibility with excessive use of (ubrclty
additive to comply with an overly restrictive specification. In either case, the user would

Incur unnecessary expense.

Making the tyivre hapben
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The necessary knowledge about lubricity requirements of hardware tn the fleld and the

merits of any dieset fuel habricity test used for 8 specification monitoring are actively being
discussed and developed but have nat been sstablishad. Wae belisve, therefore, thatitis

premature {0 endorse any test method or sst any scuffing

load limit, even on 8n interim

and ‘volurtary' basis. The precision of the scuffing load test ls as yet unknown, sincs
round robin testing has not yet begun. The significance of the tast results to fue! system
parformance, even 83 tested by the US Ay, is highly questionable pased on the
comparison of sutjective fuel pump rating Dy Stanadyne and scuffing load limits for
California fuels as reported by CARE (Draft Report 093-095, January 3, 1994, Figure 1

and Tabls 3). Setting 8 scuffing kimit, using @ test of unknown p

recision and as yst

quosﬂonablo significance to fuel system petformancs, is inappropriate and potentially

detrimentat to the-consumaer.

Tne AP| Diesel Fuel Task Force belisvas ihat the efforts and the results from the
activities that are currently underway in the various industry accepted technical
committees are the most prudent courss of action for developing 8 sound specification,
which will ensure that the required fuel quality continues to be suppiled by &l without
unneeded and costly restriction. APl andits member companies are committed to working
with the California Diesse! Fusl Task Force to answer thess fundaments! questions. With

great anticipation, we axpect a test method and 8 limit will come
ASTM that all the industries can embrace and endorse.

Thank you for this apportunity to comment.

Sincerely,

A

Roger L. Leisanwing, Jr.

RLLML

cc  Dr. Manuch Nikanjam (Fax: 510-242-3051)
Mr. Paul Henderson {Fax: 203-583-4501)
Mr. Chris McCarthy - AP Diesel Fuel Task Forcs

Mr. Jim Willlams - APl
Mr. Chuck Krambuh! - APl

Diesel Fuel Task Force
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CALIRORNIA -
TRUCKING ===

ASSCCIATION

TO: Honarable Pete Wilson DATE: February 17, 1994
FROM: California Trucking Association

RE: Minority Report of California Trucking Association exceptions to the
Diesel Fuel Task Force final Report to Govermor Wilson '

On October 1, 1993, new diesel fuels were mandated for use throughout California in
both on-road and off-road applications. The new California fuels were designed to
reduce emissions from diesel powered equipment. :

The introduction of the California Air Resources Board (CARB) 10% low aromatic low-
sulfur diesel fuels in California was accompanied by significant fuel price increases,
supply shortages, and fuel system mechanical problems. The Governor directed that a
Diesel Fuel Task Force be created to investigate the mechanical problems that have
arisen with the introduction of CARB 10% aromatic diesel fuel.

California Trucking Association (CTA) has participated in the Diesel Fuel Task Force
since its formation on December 14, 1993. CTA co-chaired Subcommitiee #1 (problem
identification) and was a active member of Subcommittee #2 (fuels/ component testing)
and Subcommittee #3 (lubrication).

CTA, representing one of the largest groups of diesel fuel users within California, takes
exception to the Task Force Report prepared for Governor Wilson. Two observations
concerning the report will put these exceptions into perspective:

1. There currently exists no test for diesel fuel lubricity that is generally
accepted in the scientific community; and

2. The test recommended by sections three and four of the report are either
redundant or too late.

In light of the known lubricity and seal failure probiems caused by severely hydrotreated
fuels (see appendix A), CTA cannot comprehend how CARB's low aromatic regulation
was allowed to become effective without prior testing of fuels. Further, it is
incomprehensible that the regulation has been allowed to remain in effect for nearly five
months when the disastrous effect of the regulation was known (or could have been
known with reasonable diligence) prior to implementation.
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Testing the fuel now is disingenuous since its actual effect is already known from
empiric data. Testing is an honest effort only (1) before the fuel is introduced, or (2)
after it is removed from the market. Since the fuel was introduced without testing,

government integrity is preserved by suspending the regulation while the fuel is being
tested. :

CTA specifically objects to the following sections of the report:

1.0 CTA requested specific information about the fuel formulations
(US. EPA, CARB 10% aromatic, variance, etc.) distributed within
California to assist task force analysis of damage patterns and the
magnitude for potential damage. It was agreed that this
information would be inserted into this section, however, the
information was omitted in the draft received February 14, 195%4.

This information would reveal to what degree CARB 10% aromatic
diesel fuel was actually sold as of October 1, 1993. It would also
show that if all refineries capable of producing CARB 10% aromatic
diesel fuel actually did so, failures of catastrophic magnitude would
have occurred throughout California.

1.1.2 Failed equipment is referred to as having "aged” O-rings throughout
the entire report.

Mr. Tom Gallant, an expert on elastomer seals (O-rings) employed
by one major engine manufacturer, informed the task force that O-
rings are designed to last the life of the engine. He states that if
nitrile O-rings are not immersed .in diesel fuel, life expectancy is
decreased by five to ten times. CARB fuel damages O-rings,
causing the O-rings to fail prematurely long before the 1,000,000
mile expected service life. ~

1.2 Failure rates within California have been erroneously labeled as
"small” (8.8%).

There are more than 1,000,00C diesel engines currently operating
within California. If only 8.8% or 88,000 of these engines fail (ARB
estimates), the results would be catastrophicto California’s economyv
in terms of lost productivity, lost crops, and equipment repairs
Based on the average repair cost per vehicle to date, CTA projects
that the repair loss alone will reach $44,000,000.
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The report claims similar fuel problems existed throughout the U.S.
following introduction of the U.S. EPA low-sulfur diesel fuel. CTA

introduced evidence of a 10% aromatic diesel fuel being refined and
distributed by a Texas refinery. This CARB type fuel is shipped by
pipeline to the midwestern and eastern U.S.

The nationwide fuel pump leaks reported in figure 2-7 correlates
with the distribution patterns of the Texas low aromatic fuel. Only
after CTA produced maps, production quantities, and other
evidence was this vital information included in Section 2 of the
report. However, it was not included within the Executive
Summary.

The charts and graphs located within figures 2-7, 2-8, 2-9, and 2-13
lead one to conclude there is a nationwide fuel problem. The charts
are based on percents of total O-ring sales, which includes
California O-ring sales. If a region sold nine O-rings during the
Nov 92 - Jan 93 period and fifteen O-rings during the Aug 93 - Oct
93 period, that chart would indicate a sixty-seven percent increase
in sales. This type of reporting is not only extremely misleading to
the reader, it is also not statistically sound.

CTA suggests that if a substantial increase in O-ring sales had
occurred across the nation, actual sales figures would have been
included within the report body.

This section leads the reader to conclude that total sales and repair
data was inflated by repairs that were preventive in nature.

CTA maintains that companies repair and maintain their equipment
as needed or go out of business. Businesses do not needlessly
expend money on phantom repairs, The general public is just now
recovering form this country’s recession. Many light vehicle owners
have been forced to park their failed vehicles because they cannot
afford to have them repaired.

The report states that fuel analysis data was not available for diesel
fuels produced during the September to late October time period.
Therefore, definitive analyses of fuels produced during the
introduction of CARB diesel in September and October were not
available. During the first meeting of Subcommittee #3, January 6,
1994, CTA requested information concerning CARB 10% aromatic
diesel fuels.
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CTA was told by CARB that the report was classified. The Cal EPA
representative instructed CARB to reproduce the report (attached as
Appendix B) and distribute it to the subcommittee members. The
Teport summarized testing of twenty-two different fuel samples
taken between October 27 and November 6, 1993 and between
November 16 and 19, 1993. Of the twenty-two samples taken,
fifteen were of unacceptable quality and four of those had such low
lubricity they would be certain to cause damage. Yet none of this
critical information is included in this report.

3.1 To investigate fuel system leakage, Subcommittee #2 established
three test programs. The first two programs examine the
mechanism of reduced seal swell. The third program examines
existing fuel supplies to determine if CARB 10% aromatic diesel fuel
1s susceptible to increased oxidation. ,

CTA ccllected numerous O-rings and fuel samples from its
members and the general public. CTA has repeatedly offered them
to the task force for use in the testing. To date, these critical O-
rings and fuel samples gathered during the first months of CARB
diesel fuel have been ignored by the task force.

CTA Research and studijes: -

Universities, test equipment manuiacturers, testing laboratories and individual scientists
have offered their advice and services to the California Trucking Association to study
the impact of CARB low-aromatics diesel fuel, CTA has learned that the severe
hydrotreating of petroleum required to achieve 10% or comparable aromatics (1)
removes components from diesel necessary to lubricate fuel Injection equipment; and (2)
femoves components from diesel necessary to prevent formation of hydroperoxides that
damage nitrile elastomer seals in fuel injection systems. CTA has attached two
appendices to these exceptions. Appendix A identifies published scientific reports on
lubricity. Appendix C identifies tests and studies performed on CARB 10 percent
aromatic diesel fuel samples and on O-rings exposed to these diesel fuels. From these
scientific papers and from the tests and studies performed on the CARB 10% aromatic
diesel fuel, CTA concludes that the 10% aromatic diesel fuel mandated by CARB has
caused the failure of O-rings, hoses, injection pumps and injectors in California.
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Conclusions and Recommendations:

California Trucking Assodation requests that the regulation that céused this unnecessary
problem be publicly suspended. '

California Trucking Association requests that fuel mandated by the regulation be tested
for lubricity and for compatibility with elastomers before its use is required.

California Trucking Association requests that operators of diesel powered equipment
(autos, trucks, farm and other off-road equipment, stationary equipment, vessels, trains,

etc.) be compensated for damage caused by the low aromatic diese! fuel mandated by
CARB. , |

cc:  James Strock, Secretary, Cal/EPA
Bob Borzelleri, Cal/EPA :
Radian Corporation
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Lubricity:

L SAE Paper 920825, February 1992 - Lubricity of Low Aromatic Diesel Fuel.

2. Dr. P. I Lacey, September 1992 - Wear with Low Lubricity Fuels

3. ISO Paper TC22, February 1993 - Diesel Fuel Lubricity Evaluation.

4. SAE Paper 930728, March 1993 - Development of the First CARB Certified
California Alternative Diesel Fuel.

5. Volvo Technological Development, August 1993 - Swedish debacle with
low aromatic fuel.

6. . SAE Paper 932740, October 1993 - Lubricity of Low Sulfur Diesel Fuels.

Hydroperoxides:

1, CRC report 559, April 1988 - Determination of the FHydroperoxide Potential
of Jet Fuels.

2. SAE Paper 920826, February 1992 - Peroxide Formation in Low Sulfur
Automotive Diesel Fuels.

3, Dr. Robert E. Kauffman and Debra A, Tiry, University of Dayton Research
Institute - New Techniques to Predict and Evaluate the Effectiveness of
Antioxidants in Jet Fuels,

4, Dr. Robert E. Kauffman, University of Dayton Research Institute -
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APPENDIX B

SIXTH DRAFT: LUBREP4.FLC (WordPerfect) - Lew/Cameron - 01 0394 - 14:39

State of California
California Environmental Protection Agency
Air Resourcgs Board

Lubricity and Characteristic Determination of 4% g,;
Diessl Fuels from California Refineries %% £ %

Engineering Evaluation Branch %5
Monitoring and Laberatory Division

Surveillance Braﬁfhg;:h
Compliance‘givisf n
| \'yk&n"&mwﬁ ‘

%’Esﬁ ‘Qi%

e

Projgct N, 293-085
N

R, b 3
i uary 3, 1994

ﬁd‘? "'-.e :'-"hh\'
% NiS report has been reviewed by the staff of the California Ajr Resources Board anc
gpproved for publication. Approvai does not signify that the contents necessarily

reflect the views and policies of tha Air Resources Board, nor does mention of trade
names or ccmmercial products constitute endorsement or recommendation for use.
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. INTR N

The Air Resources Board (ARB) established aromatic and sulfur content standards for
diese! fuel. These standards, as well as the U.S. Environmental Protection Agency’s
{EPA) 500 parts per million by weight (opmw} or 0.05 percent sulfur regulation,
became effective on October 1, 1993. Hydrotrestment ussd by refiners to reduce tt
aromatic and sulfur content also removes other compounds which are important for’
the lubricity of diesel fuel. Several references have indicated that these impuritia
enhance lubrigity include nitrogen and polar (oxygenated) compounds and
polyaromatics (three or more rings)'. There is concern that the naw diesel f‘iﬁiag
California may not have adequate |ubricity. & 4

#ﬂ*‘% %?’
To address the lubricity issua, ARB staff collected diesel sampleS‘fra'f“. Cal’;;ornfg
refineries. These diesal samples were sent to Stanadyne and Soﬁ%ﬁ@b essarch
Institute (SWRI) for lubricity determination. In addition, sach gidea Sig collscted
was also characterized according 1o American Society of Tes‘ﬁgg Mategjal TASTM) or
ARB test methods. LY 2
u% 4
Il K UN

An important functicn of diesel fuel is to providefjusrication for the fuel injaction
system of the engine. ASTM D5001-80a7 defines lubricity as *a gensral term used to
described the boundary lubrication propertieS*8tia¥luid.” Rotary/distribution injection
Pumps have a high number o¢ moving cpﬁ’i?" compBenents, These pump components,
such as transfer pump snd governer, de; en%g;he diesel fuel to provide lubrication.
‘Under mild wear conditions, tha waar i e cxidation that occurs on the
component surface. Fuels with io pliow the formation of a thin oxide layer,
Material removal resuits wheng{wg thig

‘ Ttk layer is then repeatedly removed ard |
formed during the sliding contads,. Under severe stress, the oxide layer fails and the |
more severe adhesive wegrof,met;

18} against metal cccurs. This adhesive wear or |
scuffing results in acceigréﬁﬁ d pumpivear. The lubricity of the fuel is important to ‘
prevent cremature pﬁ p*@%&%by either the milder oxidation corresion or the mora

severe scuffing.

Currently, th %ﬁoﬂ%{n ard bench test for determining the lubricity ‘of diesel fusl.
There is gendigl reerant that a fong term pump wear test represents the reference
procedure agai hich all bench tests should be compared. Several diessl pump

e developed pump wear tests. One such pump stand test developed
. sists of operating a heavy duty diese! application pump for 500
{g}ﬁaw%‘fh;’éuel is pumped out of 8 55 gallon drum and recycled back. After

& B Ny

SRR NUEY m-é&:"&’tgggg#.
Q@f 'Ja Manuch Nikanjam and Psul Henderson, Lubricity 6f Low Aromaties Diesel Fuel
o F B

2 Standard Test Method for Measurement of Lubricity of Aviation Turbine Fueis by~
the Ball-on-Cylinder Lubricity Method (ROCLE)

3 P.L. Lacey, Development of a Lubricity Test Based ¢n the Transition Erom
Boundary Lubrication 1o Severe Adhesive Wear in Fuetl

1
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completing the 500 hour test, the pump is disassembled and wear measurements are
made on the fueling limiter component and transfer pump blade and roller contact
points. In addition, information an the changes to the transfer pump pressure and fus)
fiow rate are.collected. These four pieces of information are used to developed a
subjective wear rating®. R

The subjective pump wear is on a scale from zero to ten. At ten, the pump is not @/tﬁ"*v%
operating and a zero means 8 new pump with little or no wear. Generally, fuels%ﬁth@ :
rating of four cr less have =n ascceptable fubricity. According to SWRI, fuel with \ﬁﬁ *
wear rating of between four and seven is in the transition zone, Fuels rated ﬁ"ﬁtwg‘%\;&
and 5 are termed borderfine. Fuslg rated between 5 and 7 are determined tohayelow
iubricity. A rating of seven or greater would mean catastrophic failug‘gxﬁf",_ 8 j.mp
The use of transition zore diesel fuels does not mean pump failure, €ut myy ledd to
increased wear, This increased wear would degrede the pump perforf @nd may

result in poorer engine performance and increased smoking. P lgcturers
prefer fusls which have wear ratings near two. ' ?

The obvious drawback of the pump stand test is the 500 hour ru’?‘%ﬁ standard bench
test that consists of shorter run time and correlates with the pump stand test results is
nesded. One such test developed by the Southwest Research Instituts {SWRI) is
known as the U.S. Army Scuffing Load Test (alsp called the scuffing ball-on-cylinder
tubricity evalustor (BOCLE) test)®. The scuffing BOCLE test contains a numbker of
modifications of the ASTM D5001-80a6, thg”ésaqf ard tgst method for measurement of
jet fus! lubricity. In the test, a sequengé o :ncrea'?h;g test loads is applied until
scuffing occurs, which is indicated by & marﬁed increass in friction and wear of the
test ball. Test resuits have begn care%i;,f?‘fa"fﬁry fuel injection pump wear,

o We &ii;h.pump wear tests at Stanadyne.

Previous SWRI testing has compark

Ii. TEST PROGRA Ty ¥
e, ¥ |

Diesel fuel samples wer, caﬁm two intervals from California refingries during the

menths of October aj %@- enper, 1893. The first group of samples was collected

between Octcber 27‘?@%%1@‘ e\?fwber 8, 1993 and the second group of samples was

cellected be:n N;%g 'igr 18 and 19, 1993, Digse! fuels samples were submitted

Wagistn and Paul Henderson, Lubricity of Low Sulfur Diesel Fuels

st Procedures for Measurement of Seutfing Load Capacity Using the
ubrieity Evaluator {(BOCLE) dated August 1, 1983. o

ey, A3 TV Method DEO01-902 consists of & rotating sphera partially submerged in
#ﬁg it‘ﬁ %est%el and in contact with a test ball. A igad is applied to the ball and the size of
@%‘) JAhe Wear scar on the ball is the test result. Because the BOCLE testresults have not
“‘iﬁja%*ccmpared well to full scaie pump performance tests, the industry is currently evaluating-
. “four candidate test methods for lubricity of diesel fueis. The [nternational Standards
Organizaticn (1S0), with members from the tuel industry, fusl injection equipment
manufacturers, engine companies and other relsted companies, will complete
evaluation of these four test methcds in 1994,

1
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y the U.S. Army Scuffing Load Test. Samples
were also submitted 10 ARB laboratories and Caleb Brett, a contract laboratery, for

fuel characteristic determinaticns. Tabies 1 and 2 describes the test procedures used
for characterizing each fuel,

Table 1
Diese! Fuel Characterization

0.250 ARB aromatic content
& ™
0.250 ARB sulfur content ASIM DZi
. o
1.0 Caleb Brent  water @ M 1744
distillation tamperature b"‘% M D88
peroxide number 3@9 M D3703
acid/base number ASTM D874
density ASTM D1288
heat of cog\bustion ASTM D240
4

oty Description

supercritical fluid chromstography

wavelength dispersive spectrometry or
energy dispersive spectrometry

hydrometar

Karl Fischer
distillation
iodine titration

9 MSTM Do74 , extraction/titration
- ASTM D240 bemb calorimeter

locations in Northern California, 55 ga
ollected for jong term PUMP wear tests st Stanadyre A

Connecticut. Wear tests for Southern California refineries m
after December 1923,

Jon drum samples wers™
utomotive Corporation in
ay possibly be conductsd
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Upon completion of the pump wear test, an aliquot of each fuel tested was analyzed
to determine fuel characteristics and lubricity by the U.S. Army Scuffing Load test.
Ths intent of these fuel analyses after the pump wear test.is to determine whether
changes to the fuel occurred during the pump wear test. These samples are dencted
by a " - 1" suffix in Tables 3 and 5.

V. LUBRICITY ang EUEL CHARACTERIZATION TEST RESULTS ¢ ?,@"‘%

The SWRI scuffing load test results and the Stanadyns pump wear results aré“ Ny, %;(
presented in Table 3 for Nerthern Califernia refineries. In addition to the scuffmgg ?‘%
BOCLE test results, given in gran‘s, a wear rating for the scuffing BOCLE*(Q a!sg grven,
based on a correlation graph of previous data from these two tests. $ee F ure§1 8]
Tabie 4 contains the SWRI scufting load resuits for Southern Califgrnidye meaes
Samples with the same sample number followed by an a or b gré takép Tgm the same
locaticn at a different time.

As indicated in Table 4, the scuffing BOCLE test method was moﬁifgf! during this
study, from 10% humidity for the earliest sets of lubricity data, to 50% humidity for
the most recent set of lubricity data. Paul Lacey of SWRI indicated that 50% humidity
was sgsier 19 maintain than 10% humidity, and the only eifect that he has observed in
the lubricity results is perhaps an en hancemen* ofithe effect of any acditives present in
a fuel sample. %%

Table 5 and Tab!s 6 present the resulte fth charac\enzat:on analyses of the diese!
fue! samples coliected from North an ‘ﬁ%?n California refineries, respectively .
For comparison, the values in the% Tables B and & were obtained from
ASTM D875-89a, Standard Smmfuc D:esel Fuel Qil.

it should als¢ be noted thataz, &gxe cf this draft, not &ll fuel characteristic cor
lubricity data have been%gved

thé*SWRI scuffing BOCLE bench test and the Stanadyne 500 hour

%Mez 1gul'ts from the two lubricity methods in Table & shows alack of
e
s&&&saremly, data from previous testing of very good, or lubricious,

pump wear test®,
fue!s d vgry pogr fuels has shown better agreement. Most of the California fuels
d hgd IJbgigtties someswhere betwaen these two extremes. Paul Henderson of
§i % icated that many midrange fuels have not been previously tested.
.}(fgf fuels were rated poorer with the pump wear test than with the SWRI
One explanaticn for this di‘ference may be that poor viscosity would incraase
a{\@ D wear, but, according to Paul Lacey of SWRI, should not affect the scuffing
r BOCLE results. Fuel viscosities for each sample would need to be determined to test
thxs possible explanation for the differences in tha results of the two test methods. _As
stated above, the scuffing BOCLE test was one of four iubricity banch tests being
evajuated by the 1SO. [t may be worthwhile to obtain data from the other three tests
and ccmpare it with scuffing BOCLE and pump wear results.

4
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The diesal fuel samples represent the entire range of sulfur and aromatic content
currently produced in California. High sulfur content means a diesel fue] that exceeds
the EPA/ARB standard of 0.0500 weight percent and high aromatic content fuel
means a fuel that exceeds the ARB aromatic content standard of 10% by voiums. _
Sample two is a diesel fuel with high sulfur and aromatic contents which is typical oj,,e%
ths fuel produced prior to October 1, 1993, Samples 1, 5, §,7,8,9,10, 11, 1248nd%,
13 are fuels that are low in sulfur but exceed the aromatic content standard of 1P%. .
Fuels that meet the ARB aromatic and sulfur standards are samples 3, 4, and 12.%gg?
comparison purposes, the ASTM DS75-85a specifications for diesel fuel are*:%ﬁbwtggd%,ig
Tables 5 and 6. g

Hy

’ ém

i

49 T
Based on the SWRi results, ciesel samples 1, 2, 4, 6, 7b, 10, 11 dnd 1;%*13\?”.,
acceptable lubricity,” Diese! samples §, 6b, 7a, 8, and 12 have a hordi iﬁ‘ﬁwmbncity.

- SWRI indicated that dissal sample three has a8 marginal lubriciy™Bnd Santhje 8 has low
lubricity. The fuels with acceptable lubricity have arematics i ging frém 7.9%, which
's below the ARB 10% limit, to 32% arornatics. Sulfur content¥or thése fuels ranges
from 34 ppmw to 4300 PPmw. Fuels with borderiine lubrigity ha %ﬁ"romatics frém
around 10 % (complying) to 28%, with sulfur varying from 99 to 433 ppmw. The
marginal lubricity sample (sarnple 3) has an aromatic content of 8% and a sulfur
content of 27 ppmw. The low [ubricity fuei (sartipie 8) has an aromatic content of
19% and no reportable sulfur. As a whole, accorging to the scuffing BOCLE test,
complying fuels, samples 3,4, and 12 h-agf_sﬂﬁw‘ iss ranging from borderling to
marginal, As menticned previocusly, dig;é‘? Sg! in the, transition 2one (4-7) would be
expected to degrade pump performance, assﬁ. Signs of degraded pump performance
include reduction in ability to precisgly m '.t‘-g‘r""t‘ﬁ"é"'amounr of fuel. One outcome may
be smoking or reduced engine perf'é;rh”éj’; 5‘:3;

Lubricity results from the Star%ﬂ@n& Ump wear tests indicate that sample 4 is
acceprable, in agreementewith,the utfing BOCLE resuits, and sample 3 is borderlina,
fronically, sample 2, the, high sulfirand high arematics fuel, was determined to have
low lubricity by the %&ye g.test. Samples 1 and 5 were also determined 10 have
low fubricity. Loy B Y

¥ ' B
Two of the )ﬁuﬁ&%‘fm&were indicated tc contain additives. One of these additive
containing fUis %_ra d 8s having acceptable lubricity, another was rated as havin
- W he presence of impurities such as nitrogen and polar compounds,

whickare%: found in diesel fuel that is not severely hydrotrested is believed to
giv8 1t itprex t lubricity. In addition, investigators have demonstrated that
#ERL 08BN inhibitors added in the range of 10 to 100 ppmw can gramatically improve
& Iubrq’cit%g? ore investigation is needed to characterize the effects that additives or
\ WQJ&D ing may have on the lubricity of diesel fuels.

%

v

" Manuch Nikanjam and Pau! Henderson, Lubricity-of Low Sulfur Diese! Fusis
5
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Somires § 7Bz pJ 453

A= 7 NoveniBER

B -7 Zec.fmdéﬂ

Takle 3
Lubnc:ty Test Results fer Northern California Refinery Diesel! Fuels

Revised December 27, 1983

&
g .:"'\'-
Sample Average Scuffing Wear Pump @
Number Load Capacity Rating Wear %
(Seutfing BOCLE) (Scuffing | Rating Py,
{grams) BOCLE} | (500hrs) || % g%
* ,:.%%M& ’%}f

la -1 (after

80Chr pump
IGS'U R
2a 4000' | 22 6.5
- )
. B
3a 24007 ay, €| 5.0 4.4
Wfﬁs Y
3b 302 2 | se |
4a 330 *ﬁ : 3.5 4
Y
4a - 1 {after wﬁ '

S00hr 2
pump testi

L Average of two resuls

& s from two different scuffing BOCLE apparatus, performed at 10 %
humidity.

2 Average of two results from

one scuffing BOCLE apparajus, tests performed at 50%
humidity. | l
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Table Revised January 4, 1994

SWRI Scufting Load Test Results for Seuthern California Refinery Diesel Eygls ;

Table 4

B

Samgia A\i;rage Scuffing Subjective g ?‘5?@
Number Load Capacity Wear Ratin‘xﬁ ’ "g
e | (grams) _

6a 3500° g1 4

6b 20004 4'3%;5“

72 25008 -~ 48

76 33004 ¢ 3.4 l

8a 19003 . §| 6.0

5b L 6.0

9a < 4.9

&
. T
201
° o>
s
e -
%
By,
: T
4
gi

Loy .
TN

WA
{%2. g

.
Wi

- %&39;\":‘\‘

% 2 Average of two results from two different scuffing BOCLE apparatuses, tests parformed at
10% humidity. .

4 Average of two results from one scutfing BOCLE apparatus, tests parformed at 50%
humidity. : '
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APPENDIX C

Test and Studies Performed on CARB Djesel Fuels:

1, Dr. Robert E. Kauffman, University of Dayton Research Institute,

1994 - O-ring failures occurring in California diese] fuels due to
oxidative stability of the hydrotreated diesel fuels,

2. Robert N. Anderson, Ph.D.,P.E, Consulting Materials E
1994 - Effects of California low aromatic diesel fuels on

3 Mr. Bob Voitik, Vice President Engineerin
1994 - California Diesel Fuel Lubricity Tes
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February 17, 1994

Mr. Bill Oliver

Radian Corporation

10389 Old Placerville Road
Sacramento, CA 95827

Dear Mr. Oliver:

As you know, it has been my privilege to serve on the Diesel Fuel Task Force
that supervised the work of Radian Corporation during its examination of
engine damage caused by the low aromatic fuels mandated by the California
Air Resources Board (CARB). -

[ believe that the report as it stands is probably the best document that could
have been achieved considering the wide interests that were represented on
the Task Force. During the process of compiling this final document, it
became evidert to me that various members, both public and private, did not
intend to fix blame for the damage caused by this new product and to dilute
all responsibility for the problems. :

It s my belief that the correlation of the low aromatic levels in diesel fuel sold
in Northern California and the high rates of seal failure in this same region
present a very powerful argument that points directly to the new fuel as a
culprit for such failures. Purther, Figures 2-5 and 2-6 on page 2-31 in the final
report do not clearly illustrate the correlation between aromatics levels and
engine damage to the casual reader. In combining the separate charts
showing the range and average aromatic levels on a single chart, the dramatic
difference in aromatic levels between Southern California and Northern
California is not clear.

It is clear that further work should be undertaken on this issue. It also is
reprehensible that this work is being undertaken now after a great deal of
damage has occurred to the economy of the State of California.

If anything is learned by this regrettable situation, it should be that good
science should occur prior to major mandates by governmental agencies and
hot as an afterthought. CARB did not perform thorough testing before this
product was mandated and did not properly supervige development of
alternative formulations that were certified.

CARSB did receive numerous warnings from our association and many other
groups that problems would occur with supply, price, and product useability
when these new fuels were introduced. However, our concerns were {gnored,
and all of our predictions occurred. :
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Pour important issues should have been addressed in this report. They are as
follows: '

1. New products mandated for use in the State of California must be
thoroughly tested for useability prior to introduction.

2. New fuel formulations should be phased in to prevent catastrophic
market reactions like the one experienced in October 1993.

3.  Restitution should be offered to all parties who experienced damage to
equipment caused by the new diesel fuel. The funding for this
restitution should come from a .05 to 1 cent per gallon assessment on all
refiners in California's diesel market based on sales volumes from
October through the present.

4. Supply monitoring must start now to avoid another diesel fuel crisis this
- summer.

Thank you for the apportunity to express this dissenting view. CIOMA feels
very stzongly that the economy of California should never again be put at risk
by this kind of fasco.

Finally, it must be said that a clean environment is a goal that all California
should strive for, but one that must be attained by rational means.

Sincerely,

Nickolas Bokides
Chairman, Operations & Regulations Committee
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