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2) Update the ATSM D5798 Fuel Specification title and revised
blend range

3) Clarify general sample preparation information and worst case
sample guidance

4) Accept a minimum of 10 times the pressure rating as an
alternate compliance measure of a minimum 70% breakdown
pressure, for all repeat pressure testing

5) Extend the lower end of the allowable cycle rate from 6 to 4
cycles/minute for the surge test to reflect expected use conditions
and test equipment specifications

6) Reduce the exposure times from 180 to 120 days for
compatibility testing to reflect improved inspection regulations and
practices, for accessible fueling system products

7) Clarify a minimum 20 inch length instead of 1/2 the pipe length
is acceptable for minimum pipe lengths that exceed the fire test
pan diameter

This issue becomes effective JULY 31, 2014.

COPYRIGHT © 2013 UNDERWRITERS LABORATORIES INC.

Copyright UL 
Provided by IHS under license with UL Licensee=North Carolina State Univ/5618801100 

Not for Resale, 07/06/2013 23:35:04 MDTNo reproduction or networking permitted without license from IHS

--`,,`,``````,`,`````,,`,``,,`-`-`,,`,,`,`,,`---

Full document details: UL 2039 2013

http://www.avadocuments.com/doc/ul-2039-2013
http://www.avadocuments.com/doc/ul-2039-2013


UL COPYRIGHTED MATERIAL –
NOT AUTHORIZED FOR FURTHER REPRODUCTION OR

DISTRIBUTION WITHOUT PERMISSION FROM UL

APRIL 30, 2013UL 20392

No Text on This Page

Copyright UL 
Provided by IHS under license with UL Licensee=North Carolina State Univ/5618801100 

Not for Resale, 07/06/2013 23:35:04 MDTNo reproduction or networking permitted without license from IHS

-
-
`
,
,
`
,
`
`
`
`
`
`
,
`
,
`
`
`
`
`
,
,
`
,
`
`
,
,
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: UL 2039 2013

http://www.avadocuments.com/doc/ul-2039-2013
http://www.avadocuments.com/doc/ul-2039-2013


UL COPYRIGHTED MATERIAL –
NOT AUTHORIZED FOR FURTHER REPRODUCTION OR

DISTRIBUTION WITHOUT PERMISSION FROM UL

CONTENTS

INTRODUCTION

1 Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .5
2 Units of Measurement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .7
3 Undated References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .7
4 Glossary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .7

CONSTRUCTION

5 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .8

PERFORMANCE

6 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .9
7 Pressure Tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .11

7.1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .11
7.2 Leakage test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .12
7.3 Hydrostatic test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .12
7.4 Breakdown test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .12

8 Vacuum Tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .13
8.1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .13
8.2 Static vacuum test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .13
8.3 Cyclic vacuum test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .13

9 Physical Abuse Tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .14
9.1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .14
9.2 Drop test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .14
9.3 Impact test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .15
9.4 Puncture test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .15
9.5 Fitting torque test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .15
9.6 Pipe torque test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .16
9.7 Tension test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .16
9.8 Compression test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .16
9.9 Bending test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .17

10 Cyclic Use Tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .17
10.1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .17
10.2 Vibration test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .18
10.3 Surge test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .18
10.4 Flex test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .19
10.5 Swivel test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .19

11 Short-Term Compatibility Tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .20
11.1 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .20
11.2 UV exposure test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .20
11.3 Metallic stress crack test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .21
11.4 Nonmetallic stress crack test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .21

12 Long-Term Compatibility Tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .21
13 Fire Test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .24
14 Interstitial Communication Test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .24

APRIL 30, 2013 UL 2039 3

Copyright UL 
Provided by IHS under license with UL Licensee=North Carolina State Univ/5618801100 

Not for Resale, 07/06/2013 23:35:04 MDTNo reproduction or networking permitted without license from IHS

-
-
`
,
,
`
,
`
`
`
`
`
`
,
`
,
`
`
`
`
`
,
,
`
,
`
`
,
,
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: UL 2039 2013

http://www.avadocuments.com/doc/ul-2039-2013
http://www.avadocuments.com/doc/ul-2039-2013


UL COPYRIGHTED MATERIAL –
NOT AUTHORIZED FOR FURTHER REPRODUCTION OR

DISTRIBUTION WITHOUT PERMISSION FROM UL

MANUFACTURING AND PRODUCTION TESTS

15 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .25
16 Dimensional Measurements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .25
17 Leakage Tests . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .25

MARKINGS

18 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .25

INSTRUCTIONS

19 General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .26

Appendi x A – Test Fuel Formulations

A1 Representative Aggressive Combustible Test Fuel Mixtures and UL-B100 . . . . . . . . . . . . . . . . .A1
A2 Representative Aggressive Flammable Test Fuels and Mixtures . . . . . . . . . . . . . . . . . . . . . . . . .A2

APRIL 30, 2013UL 20394

Copyright UL 
Provided by IHS under license with UL Licensee=North Carolina State Univ/5618801100 

Not for Resale, 07/06/2013 23:35:04 MDTNo reproduction or networking permitted without license from IHS

-
-
`
,
,
`
,
`
`
`
`
`
`
,
`
,
`
`
`
`
`
,
,
`
,
`
`
,
,
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: UL 2039 2013

http://www.avadocuments.com/doc/ul-2039-2013
http://www.avadocuments.com/doc/ul-2039-2013


UL COPYRIGHTED MATERIAL –
NOT AUTHORIZED FOR FURTHER REPRODUCTION OR

DISTRIBUTION WITHOUT PERMISSION FROM UL

INTRODUCTION

1 Scope

1.1 These requirements cover primary, secondary, and coaxial types of flexible connector pipes intended
for short length transfer and containment of the specific liquid fuels (or vapors thereof) identified in this
Outline, at commercial (public) or fleet (private) automotive motor vehicle fueling stations.

1.2 Connector pipes may be metallic, nonmetallic, or composite, but are limited to maximum 12 ft (3.65
m) lengths in nominal sizes up to 4 inches (102 mm) as flexible transition components within fuel
dispensing and/or vapor recovery piping systems, typically intended for use in the following automotive
fueling station applications:

a) Underground use (below surface but accessible such as within chase piping) when
connected to underground tanks or underground pipes with expected exposures to soil, water,
and soil fluids;

b) Sump use (enclosed tank, transition or dispenser types) when connected to pumps, valves,
monitors, or dispensing devices with expected exposures to soil, water, soil fluids, and
occasional sunlight;

c) Aboveground use (above surface but with additional physical protection) when connected to
aboveground tanks or aboveground pipes with expected exposures to soil, water, soil fluids,
and sunlight.

1.3 Connector pipe systems are intended for containment of automotive fuels and exposure to soil fluids
that have similar chemical, physical and material compatibility properties as represented by the test liquids
in these requirements based on fuels formulated in accordance with 40 CFR Part 80, Regulation of Fuels
and Fuel Additives, and meeting the following ASTM Fuel Specifications and blend limitations:

a) ASTM D-975, Standard Specification for Diesel Fuel Oils, with biodiesel blends up to a
maximum of 5 percent (B5);

b) ASTM D-7467, Standard Specification for Low Blend Biodiesel, with biodiesel blends
between 6 to 20 percent (B6 to B20).

c) ASTM D-4814, Standard Specification for Automotive Spark-Ignition Engine Fuel, gasoline or
oxygenated gasoline, with limited ethanol blends up to a maximum of 10 percent (E10).

d) ASTM D-5798, Standard Specification for Ethanol Fuel Blends for Flexible-Fuel Automotive
Spark-Ignition Engines, high blend ethanol, with gasoline/ethanol mixtures in the (E51 – E83)
range.

e) Mid Range Ethanol Blends (E11 to E50) using variable mixtures of ASTM D4814 Low Blend
Ethanol and ASTM D5798 High Blend Ethanol
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1.4 Products covered by this outline are intended to be installed and used in accordance with:

a) Flammable and Combustible Liquids Code, NFPA 30,

b) Code for Motor Fuel Dispensing Facilities and Garages, NFPA 30A,

c) Uniform Fire Code, NFPA 1,

d) International Fire Code published by the International Fire Council, or

e) Other applicable federal and state regulations for piping.

1.5 These products are factory manufactured and intended for on-site field assembly, inspection, and
leak testing for the specified applications and use conditions by qualified persons in accordance with the
manufacturer’s instructions and local requirements.

1.6 These products are intended to be periodically inspected and maintained for continued service, or
taken out of service if necessary, by qualified persons in accordance with industry recommended practices
and/or the manufacturers instructions.

1.7 These products have not been evaluated for use after natural disasters, fires or exposures to
chemicals not representative of the test liquids or excessive physical damage beyond the expected
assembly, installation and uses as identified in these requirements.

1.8 These products have not been evaluated for special use piping applications where exposed to heavy
or continuous physical abuses, excessive mechanical stresses; or environments that are highly corrosive;
or operate outside of the expected ambient use temperature range for significant times.

1.9 These requirements do not cover underground piping products for liquid fuels, which are found in
Nonmetallic Underground Piping for Flammable Liquids, UL 971 or Outline of Investigation for Metallic
Underground Piping for Flammable Liquids, Subject 971A.

1.10 These requirements do not cover aboveground piping products for gaseous fuels (such as natural
gas, liquefied petroleum gas, propane, butane, etc.), which are found in the Standard for Flexible Metallic
Hose, UL 536.

1.11 These requirements do not cover fuel dispensing and vapor recovery hose, which are found in the
Standard for Hose and Hose Assemblies for Dispensing Flammable Liquids, UL 330.
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2 Units of Measurement

2.1 Values stated without parentheses are the requirement. Values in parentheses are explanatory or
approximate information.

3 Undated References

3.1 Any undated reference to a code or standard appearing in the requirements of this standard shall be
interpreted as referring to the latest edition of that code or standard.

4 Glossary

4.1 For the purposes of this outline the following definitions apply.

4.2 ABOVEGROUND – Physically located on or above the surface layer of earth; can be in contact
with/exposed to soil, water, air, and sunlight. Aboveground can include above grade enclosures or other
means to reduce exposure to physical damage and the environmental conditions noted.

4.3 COAXIAL CONNECTOR PIPE (Coaxial) – A double wall connector pipe construction consisting of
integral primary and secondary pipes with a defined interstitial space that provides fluid communication
and monitoring capabilities.

4.4 FLEXIBLE CONNECTOR PIPE (Connector Pipe or Flex Connectors) – A maximum 12 ft (3.65 m)
long cylindrical thin-walled structure with integral end fittings designed for flexibility in containing and
conveying flammable and combustible liquids in applications identified in the intended scope of use.
Pipe types include primary, secondary and coaxial constructions.

4.5 FUELS – Typically those liquids identified in 40 CFR Part 80, Regulation of Fuels and Fuel
Additives, and compliant with only the ASTM Fuel Specification below that are dispensed in commercial
or fleet motor vehicle fueling stations for use in automotive engines (internal combustion or compression
ignition)

a) ASTM D 975, Standard Specification for Diesel Fuel Oils: on off-road diesel, or low blend
biodiesel (max B5);

b) ASTM D7467, Standard Specification for Low Blend Biodiesel: mid blend biodiesel (B6 –
B20).

c) ASTM D4814, Standard Specification for Automotive Spark-Ignition Engine Fuel: gasoline,
gasohol, oxygenated gas, or low blend ethanol (max E10);

d) ASTM D-5798, Standard Specification for Ethanol Fuel Blends for Flexible-Fuel Automotive
Spark-Ignition Engines, high blend ethanol, with gasoline/ethanol mixtures in the (E51 – E83)
range.

e) Mid Range Ethanol Blends (E11 to E50 ) using variable mixtures of ASTM D4814 Low Blend
Ethanol and ASTM D5798 High Blend Ethanol

4.6 PRIMARY CONNECTOR PIPE (Primary) – A single wall connector pipe construction intended to
contain and convey the liquid flowing in a piping system under normal use. Primary pipe is intended for
long term continuous contact with the liquid.
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4.7 QUALIFIED PERSON – A worker specifically trained by the manufacturer to perform proper
assembly and installation of its piping systems in the field in accordance with the specified instructions.
The qualified person is not required to be an employee of the manufacturer.

4.8 SECONDARY CONNECTOR PIPE (Secondary) – A single wall connector pipe construction
intended to surround the primary, contain the liquid under abnormal conditions (such as primary
rupture), and provide fluid communication and monitoring capabilities.

4.9 SIZE (Pipe Size or Fitting Size) – Nominal or trade dimensions (inches or mm) of connector pipe
and fittings based on inside diameters or thread. Note - Nominal or trade sizes may not be equivalent to
the actual measurements.

4.10 SUMP – Accessible atmospheric enclosure located underground, typically below a dispenser,
above a tank, or at grade between tanks and dispensers, and designed to house pipe, connections,
equipment and contain spills.

4.11 SWIVEL JOINT – A connection or joint designed to allow frequent rotational movement of the
pipe during normal functional use.

4.12 UNDERGROUND – Physically located below the surface layer of earth either in contact with soil
and soil fluids (direct burial) or routed in a secondary or chase pipe (indirect burial).

4.13 UNION JOINT – A connection or joint designed to allow rotational movement of the pipe only
during assembly, installation or maintenance.

CONSTRUCTION

5 General

5.1 Connector pipe are permitted to be constructed from any combination of materials, but shall be
flexible with a bend radius of 2 ft (61 cm) or less, and shall be capable of field assembly and installation
without the use of special equipment or tools.

5.2 The total connector pipe length (pipe and fittings) shall not exceed 12 ft (3.65 m). The diameter of
connector piping shall not exceed standard nominal trade sizes beyond a 0.5 – 4.0 inch (1.25 – 10.2 cm)
range.

5.3 Primary pipe and the primary of a coaxial pipe shall be rated at least 50 psig (345 kPa). Secondary
pipe and the secondary of a coaxial pipe shall be rated at least 50 psig (345 kPa).

5.4 Connector piping shall be supplied with end fittings that are capable of assembly to fixed pipe or
fueling components, such as threaded fittings, or bolted flanges, or weld/bond joints. Moving swivel and
union joints are permitted. All pipe threads shall be NPT, NPTF, BSPT, BSPP or similar common trade
types. All bolts, gaskets, and other components shall be supplied with the product.

5.5 All materials used in the construction of pipe and fittings shall be suitable for their intended use
locations with respect to normal (expected use within marked ratings) and abnormal (reasonable
foreseeable misuse) conditions in accordance with the required performance tests described in this
outline.
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5.6 Nonmetallics (polymers, elastomers, ceramics, etc.) used in the construction of pipe and fittings shall
be evaluated for long-term exposure compatibility to air, soil, water, ultraviolet light, and internal and
external fluids within the expected ambient use temperature range for underground, sump, and/or
aboveground use per 1.2.

5.7 Metallics used in the construction of pipe and fittings shall be inherently corrosion resistant (such as
stainless steel, aluminum, brass), plated, or coated per 5.8, or evaluated for equivalent corrosion
resistance per 5.9. All metals shall comply with all applicable requirements in this Outline of Investigation.

5.8 Corrosion resistant coatings or platings provided on metals (such as plain carbon steel) shall be
minimum designation G90 (minimum 40 percent zinc galvanizing on all sides) per ASTM A653/A653M,
Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy- Coated
(Galvannealed) by the Hot-Dip Process.

5.9 Equivalent alternate corrosion protection methods shall be determined by an evaluation of coatings
or platings in accordance with the Standard for Electrical Metallic Tubing, UL 797, and visual corrosion
comparison between benchmark G90 and alternate protection after exposures to Table 12.1 Compatibility
Test Liquids.

PERFORMANCE

6 General

6.1 Representative production samples of each connector pipe type or component shall be subjected to
the appropriate Section 7 – 14 Performance Tests with sample variations of pipe type, design material,
and size as specified in each test method. Special samples combining different variations, such as end
fitting, joint and gasket options, in order to reduce the total number of samples are permitted, provided
they are representative of regular design, material and production methods.

6.2 Critical dimensions (such as diameter, thickness, corrugation, out of round, threads, braids, etc.) of
10 random samples of each pipe type, construction, and size, shall be measured before other tests are
conducted. All sample dimensions shall be within the manufacturer’s quality control specifications, and:

a) Thickness of each sample shall be within ± 15 percent of the test set average; and

b) Diameters of each sample shall be within ± 10 percent of the test set average.

6.3 The formula for calculated hoop stress, specified below, may be used to determine “worst case” sizes
to reduce the number of specimens when testing homogeneous mono-layer pipe in all nominal sizes for
a product range. In addition, analyzed data from the Section 7 Pressure Test sequence may be used to
determine worst case samples for other specific tests.
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