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Agenda

•Plastic Piping Systems

•Vintage Plastic Pipes

• Impacts of Elevated Temperatures

•PE Fusion Failures & Guidelines

•Qualification of Fusion Procedures
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• Independent, not-for-profit research, technology 

development and deployment organization

• Areas of research include energy production and 

conversion, energy delivery, and end-use

• Technology development focus on safety, improving 

efficiency, and reducing emissions

• Research Facilities 

• 18-acre campus near Chicago

• Laboratories in Agoura Hills, CA and Davis, CA

• Pilot and demo facilities worldwide 

GTI Energy Overview
Serving the Energy Industry Since 1941



• GTI has an expanding R&D portfolio 

focused on industry priorities: 

‒Safety, Integrity, Reliability, 

Operational Efficiency, 

and the Environment

• Collaborative R&D efforts:

‒Highly cost effective

‒Leverages collective intelligence and 

experience of funders to develop the 

best possible solutions

GTI’s Energy Delivery R&D Program 



OTD Members
Serving more than 70 million gas consumers in the U.S., Canada & France
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PE Piping Systems for Natural Gas

• PE has revolutionized natural gas piping systems.

• PE piping systems have an excellent performance 

track record, reduced installation and operational 

costs, and have led to a reduction in leaks.



• Polyethylene (PE) pipe accounts for approximately 62% of the total natural gas 

distribution mains in the United States, representing a massive shift from 

traditional materials over the past few decades. 

• Key statistics regarding PE pipe in U.S. natural gas distribution:

‒ Total Usage: PE is the dominant material, accounting for roughly 62% of the 

roughly 1.37 million miles of distribution mains in operation.

‒New Installations: Polyethylene pipes account for 90–95% of new gas 

distribution pipelines in the United States.

‒Historical Growth: The percentage of plastic mains has grown significantly 

from just 27% in 1990 to over 60% today.

‒ Service Lines: The usage of PE is even higher for service lines (connecting 

mains to customers), where it is the overwhelming material of choice. 
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PE Piping Systems in the US



• PE piping systems have an excellent performance track record.

• However, there are various threats to system integrity (other than 

3rd party damage).

• Some integrity threats include: 

‒ Slow crack growth (SCG), especially with vintage plastics 

‒ Joint integrity issues

‒ Static electricity

‒ Unlocatable pipes

‒ Elevated temperature issues, and 

‒ Heavy hydrocarbon contamination
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PE Piping – System Integrity



PE Piping Systems for Natural Gas



Vintage Plastic Piping Systems

• Plastic pipes started to be used for natural gas distribution in the 1960s.

• Dupont was successful in introducing Aldyl-A pipe and fittings, and installation 

by operators accelerated in the early 1970s.

• A few examples of vintage plastic pipe include:

− Aldyl-A (Tan)

− Aldyl-AAAA (Green) 

− Aldyl-A (Black)

− Drisco 7000

− Drisco 8000

− Plexco Orange 2306



Slow Crack Growth (SCG) 

• Brittle-like failures result when stress concentrations are 

present in early vintage Aldyl-A and other vintage plastic pipe. 



Brittle-like Failures

• PHMSA has issued multiple advisories regarding premature brittle-like cracking 

in older plastic pipes (pre-mid 1980s)

‒ ADB-99-02  (14) advised operators of the potential susceptibility of certain plastic pipe 

installed between 1960 and the early 1980s to premature failure due to brittle-like cracking.

‒ ADB-02-07  (15) provided recommendations for identifying and managing brittle-like cracking 

for certain vintage polyethylene pipe and noted the susceptibility of older plastic pipe to 

premature failure by brittle-like cracking.

‒ ADB-07-01  (16) updated the list of pipe material susceptible to brittle-like cracking to include 

Delrin insert tap tees and Plexco service tee Celcon (polyacetal) caps.



Failure Types Noted 

• Service tee towers & caps

‒ Original stress of standard assembly leads to cracking later

• Bending & deflection

‒ Ground settlement, stress at service pipe connections to steel main

• Rock impingement 

‒ Variations in padding & backfill

• Squeezing pipe

‒ Occurs through normal operations activities 



Potential for Material Degradation

• Additional PHMSA Advisory Bulletins

‒ ADB-2012-03, Notice to Operators of Driscopipe® 8000 High Density Polyethylene Pipe of the 

Potential for Material Degradation, 77 FR 13387 (Mar. 6, 2012). This ADB alerted operators 

using Driscopipe 8000 high-density polyethylene (HDPE) pipe of the potential for material 

degradation.

Driscopipe® 7000 Driscopipe® 8000

Years Produced 1973-1980 1979-1997

Resin Marlex® M-7000  - PE 3306/3406 Marlex® M-8000  - PE 3408

Size ¾” – 10” ¼” – 8”

8000 pipe contains an additive blend that is distinguishable from 
other polyethylene pipes.

Solid black with burnished 

gloss surface and a yellow 

print line



Potential for Material Degradation

• M8000 pipe material – Blistering and Delamination



PHMSA’s Latest Advisory Bulletin

•ADB–2026–01- Distribution Integrity Management Program 

Considerations for Plastic Piping and Components.

• On March 24, 2023, a natural gas distribution incident occurred in West 

Reading, Pennsylvania, resulting in seven fatalities, 10 injuries, and the 

destruction of one building and damage to two nearby buildings. (chocolate 

factory incident)

• Failure of a retired 1982 Aldyl-A polyethylene service tee with a Delrin insert 

that allowed natural gas to leak and migrate underground into the chocolate 

factory buildings, where it ignited. 

• Contributing to the degradation of the service tee and insert were significantly 

elevated ground temperatures from steam escaping the Company’s corroded 

underground steam pipe.



PHMSA’s Latest Advisory Bulletin



Elevated Temperature Impacts on PE Systems

• The effects of elevated temperature on 

plastic pipes are well understood.

• Increased temperatures reduce the hoop 

stress required to make a PE pipe fail.

Heat sources may include:

• Nearby external heat sources, such as 

welding on steel pipe

• Elevated ground temperatures

• Steam lines and other underground 

sources of heat.



Elevated Temperature Impacts on PE Systems

• Recently completed a project studying the impacts of heat on plastic pipe

• The project was in response to an incident at a gas utility where the wall of a 

polyethylene pipe experienced extreme damage due to heat generated by a 

welding operation on a connected steel pipe.

‒ Replicated the applied heat incident in the lab and measured heat transfer

‒ Developed a finite element method (FEM) model to simulate the heat impact
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Elevated Temperature Impacts on PE Systems



Preventing Heat Damage to PE Pipe and Fittings

• An industry practice to help prevent heat damage to PE pipe and fittings

‒ Exposed PE pipe and fittings can be damaged by heat, hot slag/ debris and must be protected 

when welding, torch cutting, or heating is being performed in close proximity to the PE pipe 

and fittings.

‒ To eliminate the potential of heat damage to lateral PE pipe from hot gases or air flow during 

welding, the lateral PE piping shall be shut down and protected by water saturated rags.

‒Wrap several layers of water-saturated rags around the steel portion of the transition fitting

‒Keep rags saturated with water during welding and heating process.
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PE Fusion Failures

• Improper scraping / peeling of the pipe surface

• Contamination in the joint interface

• Common ingredient in drilling mud could lead to 

ineffective bonding of electrofusion joints.



PE Fusion Procedures – Industry Differences

• Different types and condition of scrapers can lead to mixed results.



PE Fusion Procedures – Pipe Cleaning

• When should the pipe be cleaned?

- Before scraping?

- After Scraping?

- Other?

• Do you clean the pipe and fittings with solvents?

• What type of solvents? - isopropyl alcohol, acetone, others

• If isopropyl alcohol is used – 

- What is the minimum concentration?  

- How is it applied?  - wipes, sprays, others



PE Fusion Procedures – Cleaning

Cleaning (continued)

• Pipe Preparation is essential, and the removal of surface contamination and 

oxidized layers requires proper cleaning and scraping.

• A clean and uncontaminated surface is the single most important factor in 

achieving a good fusion bond.

• Types of contamination that will reduce PE joint integrity:

- Dirt

- Drilling mud

- Grease or oily deposits

- Oxidation due to air and/or UV

- Soap

- Water / cleaning solvents



Developed fusion joining preparation best practices 

Completed a series of fusion joining preparation projects

•  Summary of GTI/OTD Work to Date:

- Various scrapers tested with respect to scrape depth, scrape uniformity, and 
contamination (bentonite powder) removal, at different temperatures.

- Three solvents (99% & 91% isopropyl alcohol, acetone) were tested with 
respect to contamination removal (talc, bentonite powder, silicone grease), 
with three different cleaning tools (polyester fiber wipe, paper towel, cotton 
rag).

• The three critical steps of pipe preparation for fusion are:

 1. Removal of all loose and spreadable contaminants (dirt, oil, grease, sweat).

 2. Proper scraping of the pipe promptly after cleaning.

 3. Assembly of the fitting and performing the fusion promptly after scraping.



Plastic Electrofusion Joining Preparation – Suggested Procedure / Best Practices

Yellow MDPE Pipe Black HDPE Pipe

Minimum Scrape Depth
0.007 inches

(0.014 inches of pipe OD)

0.004 inches

(0.008 inches of pipe OD)

Maximum Scrape Depth for EF fittings Dependent on EF fitting

Absolute Maximum Scrape Depth 10% of pipe wall thickness

Pipe Preparation for a CouplingPipe Preparation for a Saddle



•New PPI Generic electrofusion installation guideline document: 

‒New TR49 titled “Generic Electrofusion User Guide for Field Joining of 

Polyethylene Gas Piping”

‒ Includes more robust cleaning and pipe preparation:

‒Provides for a more consistent, manufacturer agnostic, gas industry 

guideline

• In addition, a new ASTM was created for PE electrofusion 

installation on pressure piping systems including gas distribution. 

‒ASTM F3565 – “Standard Practice for Electrofusion Joining Polyethylene (PE) 

Pipe and Fittings for Pressure Pipe Service”. 

Develop fusion joining preparation best practices



(a)Heat fusion, solvent cement, and adhesive joints. Before any written procedure established under 192.273(b) is used 

for making plastic pipe joints by a heat fusion, solvent cement, or adhesive method, the procedure must be qualified 

by subjecting specimen joints made according to the procedure to the following tests, as applicable:

(1) The test requirements of -

(i) In the case of thermoplastic pipe, based on the pipe material, the Sustained Pressure Test or the Minimum Hydrostatic Burst Test per the 

listed specification requirements. Additionally, for electrofusion joints, based on the pipe material, the Tensile Strength Test or the Joint 

Integrity Test per the listed specification.

(ii) In the case of thermosetting plastic pipe, paragraph 8.5 (Minimum Hydrostatic Burst Pressure) or paragraph 8.9 (Sustained Static Pressure 

Test) of ASTM D2517-00 (incorporated by reference, see§ 192.7).

(iii) In the case of electrofusion fittings for polyethylene (PE) pipe and tubing, paragraph 9.1 (Minimum Hydraulic Burst Pressure Test), 

paragraph 9.2 (Sustained Pressure Test), paragraph 9.3 (Tensile Strength Test), or paragraph 9.4 (Joint Integrity Tests) of ASTM F1055-98 

(incorporated by reference, see § 192.7).

(2) For procedures intended for lateral pipe connections, subject a specimen joint made from pipe sections joined at 

right angles according to the procedure to a force on the lateral pipe until failure occurs in the specimen. If failure 

initiates outside the joint area, the procedure qualifies for use.

(3) For procedures intended for non-lateral pipe connections, perform tensile testing in accordance with a listed 

specification. If the test specimen elongates no less than 25% or failure initiates outside the joint area, the 

procedure qualifies for use.

§192.283 Plastic pipe: Qualifying joining procedures



Qualification Letters from Manufacturers



GTI Energy develops innovative solutions that 

transform lives, economies, and the environment

Dennis Jarnecke

Sr. Director R&D

djarnecke@gti.energy

847-768-0943     www.gti.energy 

Questions / Comments

http://www.gti.energy/
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