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Stand-alone, not-for-profit, member-controlled company where 
gas utilities work together to develop technology solutions to 
common issues
 Annual membership dues are calculated 

based on number of customer meters
 New projects selected by members based 

on needs
 Each member votes their own dollars to specific projects
 All members have access to all project information

Operations Technology Development (OTD) Overview
Established 2003
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$12M
annual dues

$0.50
meter/yr

$150-$750k 
member/yr

28 Members



System Characteristics of Cast Iron Pipes
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Gas distribution mains incident reports from 2005 to 2020 
show:
 9 percent of the incidents involved cast iron mains. 

However, only 2 percent of distribution mains are cast iron.
 36 percent of all fatalities and 16 percent of all injuries 

involved cast iron pipelines.

The biggest threat to cast iron pipe is earth movement. These 
movements are caused by excavations, seasonal frost heave, 
and ground water uplift.
Pipe graphitization (Cast iron degradation to soft elements) 
also results in metal loss and susceptibility to cracking. 

[*] https://www.phmsa.dot.gov/data-and-statistics/pipeline-replacement/cast-and-wrought-iron-inventory

Miles of Cast Iron Distribution Mains [*]
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Failure of Cast Iron Pipes

 Stresses resulting from pipe internal pressure are negligible in cast iron pipes carrying 
pressures up to 30 psig.

 Pipe stresses are mainly caused by soil and traffic loads and other external forces. 
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Causes of Incidents in CI Pipes [PHMSA Incident Reports 2010-2016]



5

Fitness for Service of Corroded Cast Iron Pipes

 A nonlinear, 3D finite element (FE) model, 
simulating a single pipe span was utilized as 
the basis for the Fitness-For-Service (FFS) 
model. 

 A Design of Experiment (DoE) method was 
used to produce response surfaces from the FE 
simulation results that can predict the 
maximum stresses in pipes with and without 
wall loss.

Assessment of Threats on Cast Iron Pipes - PHMSA Forum 2021



6

Fitness for Service Cast Iron Threats
Example model output of the 
Finite Element (F.E.) program
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Risk of CI Damage due to Ground Movement
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 December 19, 2019 – A 6" cast iron gas main had circumferential break where a large 
underground cavity caused ground movement and resulted in the rupture of the main 
installed in 1928. 

 January 20, 2018 – A 6” cast iron main, installed in 1927, was operating at 0.3 psig. 
Apparent cause of incident was reported as frost heave.

 March 5, 2015 - A circumferential crack in the 6-inch cast iron main. The frost depth was 
48”, causing the main to break. The cast iron main was installed in 1923 was operating at 
2 psig.

 January 27, 2015 – Earth movement near the cast iron main caused the pipe to crack. The 
cast iron main was installed in 1952 and was operating at 22 psig.

 January 9, 2012 – A leak originated at a break in a 4” cast iron gas main installed in 1950. 
The break occurred after rainfall that followed extended drought conditions.

 January 18, 2011 – A circumferential break due to soil movement on a 12” cast iron main 
installed in 1942 and was operating at 17 psig.

Assessment of Threats on Cast Iron Pipes - PHMSA Forum 2021



Risk of CI Damage due to Ground Movement
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Frost Heave at Pavement Surface

CI Leak and Breakage, Northeast Data from 2002 to 2012 

 Earth movement damage to cast iron pipes includes 
landslide, flooding, thermal, and seismic loads. 

 These forces can cause joint displacement, leakage, 
and pipe breakage.
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Risk of CI Damage due to Ground Movement
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Increase in CI breaks with # of freeze days

 Analysis should be site specific to incorporate local soil, pipe, and 
site characteristics.

 Correlate the influencing parameters (weather, soil types, pipe 
size, etc.) with leakage and breakage records.

 Short number of freeze days is not as significant as long freeze 
periods (#days with max temp. < 32oF)  
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Risk of CI Damage due to Ground Movement

Cast Iron pipes (and joints) have very small tolerance 
to deformations (joint rotation and pullout).

Loading Type Cornell Study [1] LC-12 [2]

Traffic
Thermal

0.5 to 1.0 degree
Pullout to 0.1 inch

0.1 degree
Pullout to 0.04 inch

Recommended Joint Deformation Values

1. Evaluating Service Life of Anaerobic Joint Sealing Products and Techniques, Cornell University, for Gas Research Institute, Report GRI-
96/0318, 1996. 

2. British Gas Corporation, "Anaerobic Type Joint Penetrating Systems for Joint Repair on Ferrous Distribution Systems Operating Up to 2 Bar", 
BGC/PS/LC12, November 1988.
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Risk of CI Damage due to Ground Movement

Expansive Soil 
Frequency

Deformed Length

Damage PotentialPipe and Joints 
Displacement

Damage Likelihood
[Probability]

Pipe Diameter

Soil-pipe interface

Repair 
History

Soil Movement 
Magnitude
(inches)

Wall Thickness

Pipe Material

Threat

CI Probability of Action

Pipe AgeSite 
Configuration  

Event Loss Magnitude:
[From F.E. Analysis] 

From:
- Historical data
- Field monitoring
- Lidar, Remote 

Sensing
- Analytical, FEA
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Risk of CI Damage due to Ground Movement

An Example of a ‘simplified’ Bayesian 
Analysis of Ground Movement
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Rehabilitation of Cast Iron Pipes
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 Various types of composite pipes and Cured-in-Place 
liners exist in the market for CI rehabilitation.

 Several types of reinforcement fibers are used, including 
glass fiber, aramid, and carbon fibers.

 A following NGA presentation will discuss CI rehabilitation 
with Starline systems.  

The Primus Line HPL-G Starline 
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Rehabilitation of Cast Iron Pipes
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 The REPAIR program seeks to reduce natural gas leaks from cast iron
pipes by developing a suite of technologies to enable automated 
construction of a new pipe inside an existing pipe.

 The previous ARPA-E presentation presented details of this program.

An Example of a Sprayed-in Technology of the 
REPAIR Program
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Rehabilitation of Cast Iron Pipes
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REPAIR – Technologies Evaluation:
 Define performance metrics (e.g., pressure capacity, deformations, bending 

strength) required to support implementation of REPAIR technologies. 
 Establish a framework to evaluate & validate design life for Pipe-In-Pipe (PIP) 

solutions. 

Bending, Pressure, and Permeability 
Testing of Liners
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Research Needs
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 Accelerated replacement programs: Develop GIS risk-based decision-
making web-based tool including cost analysis and risk tolerances.

 Quantifying gas emissions in CI pipes and potential reduction in 
rehabilitated systems.

 Risk Assessment of CI failure due to frost-heave and other ground 
movement threats.
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Questions
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Khalid Farrag, 
Gas Technology Institute
kfarrag@gti.energy
Phone: (847) 344-9200
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